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386 6* /or (2-66 g. or 48%) "read'* {5-15 g.. 93%)**. 
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499 In the last line of the formulae, for ** =s p-Mc^CgH*) ** read '• (T ass **. 


* From bottom. 
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164. The, Crystal Striusture of Strontium Azide. 

By F. J. Llewellyn and F. E, Whitmore. 

The structure of strontium azide has been completely determined by means of 
three-dimensional Fourier sections and lines using all the {hkl) structure amplitudes obtainable 
•with Cu-Ea X-radiation. The structure is ionic, each strontium ion being surrounded by 8 
azide ions, arranged in two sets, at distances 2*63 and 2*77 a., severally. The azide ion is linear 
and symmetrical, the nitrogen-nitrogen separation being 1*12 a. 

The azide grouping (Ng) has been shown by X-ray and electron- diffraction studies to be linear 
in both electrovalent and covalent substances. In the former, typified by sodium and 
ammonium azides (Frevel, J, Amer, Chem. Soc,, 1936, 58, 779; X. Krist,, 1936, 94, A, 197) the 
two nitrogen-nitrogen separations in the azide ion are equal; the ion resonates between the 
three structures (a), (6), and (c), 

{a) N=ifc=N (b) N® N=N {c) N=N— N*- 

each of which is equally important, and stabilisation is effected by the considerable resonance 
energy; the nitrogen-nitrogen separation is 1*15 a. In the latter case, typified 
^7 cyanuric triazide (Knaggs, Proc. Roy. Soc., 1936, 150, A, 676), these two 
.J . nitrogen-nitrogen bonds are not equivalent and the azide grouping has the 
' ' dimensions shown in (I). 

The three most probable resonance forms for the covalently linked azide group are (d), (e), 
and (/) : 

{d) R— N=jb=N (e) R— N— N=N (/) R— N=N— N*- 

the last probably does not contribute to any appreciable extent, for it involves adjacent positive 
charges which render this form more unstable. Resonance therefore occurs between (d) and (e), 
leading to an unsymmetrical grouping of lower stability than the azide ion. 

The stability of metallic azides to heat, friction, and impact varies considerably and is 
determined, at least in part, by the bonding between the metal and the azide group. Thus, the 
alkali-metal azides, which are ionic, are stable both to friction and to impact and are only 
decomposed gently by heat at 300 — 400®. The alkaline-earth azides are decomposed more 
violently by heat at a lower temperature (ca. 110 — 160®) but remain insensitive to friction and 
impact. On the other hand, azides of the heavier metals, e.g., lead, and those of many of the 
B-sub-group elements, e.g., copper and silver, decompose sometimes with explosive violence 
when lightly struck or rubbed. 

Between these two extremes there is a large number of azides of intermediate properties in 
which it may be assumed that the linkage of the azide group is more or less covalent. The 
following investigation of the structure of strontium azide is the first of a series in which it is 
hoped to trace the development of covalent bonding with increasing instability. 

Preliminary Crystallographic Data. — Small, well-defined, orthorhombic, bipyramidal 
(pseudo-tetragonal) crystals of strontium azide exhibiting the form {ill} were obtained by 
slowly evaporating the aqueous solution to dryness in an Erlenmeyer flask. Single-crystal 
rotation photographs using Cu-Xa X-radiation gave the cell dimensions : [a] = 11*82, 

[6] =s 11*47, [c] = 6*08 A. Oscillation photographs about the three principal axes revealed 
the halvings {hkt^ absent when h k 2n, k I ^ 2n,h I ^ 2n\ {0/?/} absent when k #= 2n, 
/ ajs 2«, ^ 4- / 4* 4w ; {AO/} absent when A #» 2w, / =♦= 2«, A + / *1= 4w ; and {AAO} absent when 
h ^ 2n, A *# 2n, A + A 4* 4n. The space-group is therefore Pddd> The observed density is 
2*73 g./c.c. ; calculated for eight molecules in the unit cell, 2*77 g./c.c. 

The space-group Fada accommodates 32 general positions, five sets of 16-fold special positions, 
and two sets of 8-fold special positions. Since there are 8 strontium ions in the unit cell, these 
must be located in one of the sets of 8-fold special positions, and because the choice between 
these is arbitrary, the co-ordinates may be written down as (000), (OJJ), (JOJ), 

■ (Hi). (Hi). (iH)- 

The azide grouping can conveniently be dealt with in two parts : (a) the central nitrogen 
atoms, of which there are 16, must lie in one of the 16-fold special positions; and (b) the end 
nitrogen atoms, of which there are 32 located in the general positions, or in two sets of 16-fold 
positions. 

(a) The five sets of 16-fold positions can be classified into two kinds ; the first is centro- 

3m « 
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symmetrical, and the second possesses two-fold axial symmetry. Thus, whatever the actual 
position of the azide group, it must possess either a centre of symmetry or a two-fold axis. 

Measurement of Intensities , — The intensities of the diffracted beams from all the planes 
{hhl) observed by using Cu-isTa j?f-radiation were obtained by visual estimation using a simple 
comparator on which a number of photographic spots produced by beams of known intensity had 
previously been recorded. From these intensities a set of structure amplitudes, on an arbitrary 
scale, can be obtained by using the relation F = k's/H>PlL, the symbols of which are defined in 
an earlier paper (this vol., p. 838). 

Usually it is convenient to render a set of relative structure amplitudes absolute by comparing 
directly a number of diffracted beams with some standard beam — ^normally the 400 reflection 
from the ground cleavage face of rock-salt. In this particular case we did not consider this to be 
necessary since the phases of nearly all the structure amplitudes could be deduced from the 
known position of the strontium atoms. When the structure was completed, the experimental 
structure amplitudes were made absolute by multiplying by the factor ■^caic./'^obs.* The table 
includes a list of the experimental structure amplitudes and also the calculated phases and 
structure amplitudes. 


hkl. 

F <j*io.« 

Fobt.* 

hkl. 

Fe$io,* 

F obs.* 

hkl. 

•Fobio.* 

•P'ob*.' 

004 

123 

169 

335 

45 

93 

711 

37 

99 

022 

278 

250 

351 

62 

124 

713 

86 

112 

026 

273 

184 

363 

140 

167 

715 

39 

69 

040 

347 

268 

355 

141 

122 

731 

12 

66 

044 

224 

188 

371 

117 

133 

733 

98 

104 

062 

296 

239 

373 

121 

143 

736 

16 

95 

066 

140 

118 

375 

60 

84 

751 

128 

108 

080 

99 

161 

391 

69 

120 

763 

36 

66 

084 

311 

195 

393 

123 

114 

755 

0 

37 

0, 10, 2 

246 

186 

395 

36 

65 

771 

60 

99 

0, 12. 0 

157 

173 

3. 11. 1 

43 

83 

773 

48 

67 

111 

62 

114 

3, 11. 3 

118 

85 

791 

67 

81 

113 

118 

162 

3. 13, 1 

120 

96 

793 

33 

49 

115 

65 

97 

400 

-71 

<20 

7. 11. 1 

96 

116 

117 

65 

68 

404 

217 

177 

800 

417 

309 

131 

55 

68 

422 

166 

160 

804 

107 

116 

133 

109 

142 

426 

22 

81 

822 

211 

179 

135 

93 

119 

440 

100 

148 

840 

260 

188 

151 

128 

175 

444 

103 

107 

842 

192 

124 

153 

28 

73 

462 

73 

114 

862 

238 - 

172 

155 

4 

62 

480 

233 

199 

880 

88 

142 

171 

120 

138 

484 

-22 

56 

8. 10. 2 

216 

144 

173 

83 

79 

4. 10, 2 

48 

98 

911 

16 

91 

175 

25 

81 

4, 12, 0 

116 

88 

913 

97 

96 

191 

79 

118 

611 

193 

168 

915 

34 

73 

193 

46 

76 

613 

76 

113 

931 

10 

67 

195 

47 

73 

615 

110 

115 

933 

76 

82 

1, 11, 1 

92 

118 

631 

199 

191 

935 

56 

86 

1, 11. 3 

70 

63 

533 

107 

no 

961 

72 

102, 

1, 13, 1 

10 

46 

535 

69 

83 

953 

19 

48 

202 

233 

208 

551 

89 

98 

971 

63 

95 

206 

155 

144 

553 

142 

140 

973 

-21 

134 

220 

285 

250 

655 

127 

111 

991 

70 

86 

222 

124 

100 

671 

99 

112 

10. 0. 2 

172 

151 

224 

132 

184 

673 

143 

123 

10. 2. 0 

247 

152 

242 

211 

188 

675 

78 

64 

10. 2. 4 

130 

113 

246 

143 

127 

591 

73 

106 

10. 4. 2 

180 

115 

260 

195 

191 

593 

143 

94 

10. 6, 0 

142 

148 

262 

130 

59 

5, 11, 1 

87 

80 

10. 8. 2 

133 

123 

264 

168 

150 

602 

183 

184 

11. 1, 1 

73 

114 

282 

174 

173 

606 

89 

138 

11. 1, 3 

72 

73 

2. 10, 0 

144 

165 

620 

134 

248 

Ih 3. 1 

134 

113 

2. 10. 4 

148 

109 

622 

-101 

60 

H . 3, 3 

53 

64 

2, 12. 2 

140 

110 

624 

101 

146 

11. 6. 1 

127 

71 

311 

164 

228 

642 

156 

160 

11. 7. 1 

94 

97 

313 

86 

124 

646 

113 

127 

12, 0, 0 

-14 

44 

315 

114 

219 

660 

176 

177 

12, 2, 2 

66 

107 

317 

116 

120 

682 

118 

150 

12, 4, 0 

87 

97 

331 

214 

232 

6. 10. 0 

163 

162 

13. 1. 1 

132 

96 

333 

76 

121 

6. 10, 2 

153 

152 

13, 3. 1 

120 

94 


Determination of the Structure . — The strontium atoms located at (000), etc., will be in phase 
and contribute to all the observed (/i^O)* (hOl), and Okl) planes. Since the contributions of the 
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strontium atoms will in general be greater than that of the nitrogens, as a first approximation, 
the phase of these planes was taken as 0 ®, or, in other words, these structure amplitudes are 
positive. A Fourier projection on the c-plane using all the hkO structure amplitudes was 
therefore computed in order to determine the approximate co-ordinates of the atoms of the 
azide group. Two peaks were observed having (A^y) co-ordinates (0*125, 0*000) and (0*125, 
0*075). It therefore appeared likely that the central nitrogen atom was located on the two-fold 
axis which passes through the origin and is parallel to the [a] axis. That the atoms of the azide 
group have x co-ordinates approximately equal to 0*126 is indicated by the relative magnitudes 
of F 400 — very small, Fgoo — very large, Fjgoo ~ very small; F/^o being calculable by the 
equation 

F *00 = 8/sr + 16/Kc«ntwCos 2rrhx 32/n cos 2nhx 

Having thus established that the central nitrogen atom lies along the [a] axis, two possibilities 
arise : the peak observed at (xy) co-ordinates (0*125, 0*000) may be due to an atom having 
{xyz) co-ordinates (0*126, 0*000, 0*000) leading to the 16 positions (0*126, 0*000, 0*000), (— 0*126, 
0*000, 0*000), (0*376, 0*260, 0*260), (0*126, 0*250, 0*250), (0*125, 0*500, 0*500), (- 0*125, 0*600, 
0*600), (0*375, 0*760, 0*750), (0*125, 0*750, 0*760), (0*625, 0*000, 0*600), (0*375, 0*000, 0*500), 
(0*876, 0*260, 0*760), (0*626, 0*260, 0*750), (0*626, 0*600, 0*000), (0*375, 0*500, 0*000), (0*875, 
0*760, 0*260), (0*626, 0*760, 0*260), or to an atom at (0*376, 0*000, 0*000) leading to 16 positions 
as above. It will be readily seen that these two possibilities reduce to the same set of (xy) 
co-ordinates. 

Fig. 1. 



The atomic co-ordinates (0*125, 0 * 000 , 0 * 000 ) for the central nitrogen are extremely 
improbable since the separation from the strontium atom at the origin would then be only 
1*47 A., considerably less than the sum of the Sr®**" and N" radii. Attention was therefore 
directed to the other possibility in which the two nitrogen atoms have the approximate 
co-ordinates 

Nxoentw 0-375 0 0 N, 0-375 y-j 

The three-dimensional Fourier line, parallel to the [a] axis, passing through the point at = 0, 
y = 0 showed a large maximum at at = 0*375. A three-dimensional Fourier section parallel to 
the a-plane at a height x = 0*375 led to {yz) co-ordinates (0*076, 0*083) for the terminal nitrogen 
atom of the azide group. Further, three-dimensional Fourier lines and sections were then 
computed in order to refine these co-ordinates; during this process only a small number of 
those structure amplitudes towards which the strontium atoms contribute changed sign, but 
there was a general rearrangement in those for which the strontium contribution is zero. The 
final co-ordinates, derived from the Fourier section shown in Fig. 1 and the three-dimensional 
Fourier lines parallel to the [a] axis, are ; 

Sr 0 0 0 Nx 0-383 0 0 N, 0-383 0-068 0-148 

The agreement between the observed and the calculated structure amplitudes (the average 
descrepancy is 27%) is not of the same order as it is now customary to expect in structural 
determinations of organic substances ; this may be attributed to the presence of the very heavy 
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strontium atom, which renders intensity measurements difficult; the contribution of the azide 
ion to the observed intensity is probably of the order of the experimental error for a high 
proportion of the planes. 

Discussion of the Structure , — The equivalence of the two nitrogens at either end of the azide 

group each is separated from the central nitrogen by 1*12 a. — shows that the structure is ionic. 

Fig. 2 represents the disposition of the nearest azide ions around any strontium ion. The 

Fig. 2. 



strontium ion has eight near neighbours ; these can conveniently be classified in two sets of four. 
Jn the first set the strontium-nitrogen separation is 2*63 a., and in the second set 2*77 a. Each 
azide ion is disposed between four strontium ions, two at a distance of 2*77 A. and two at 2*63 a. 

Expcfimental. Strontium carbonate (5 g.) was dissolved in 2% hydrazoic acid (30 ml.) and the 
solution concentrated on a water-bath; on cooling, a mass of extremely small crystals was deposited. 
Larger crystals suitable for X-ray photography were obtained from the mother-liquor by slow evaporation 
in an Erlenmeyer flask. 

This work forms part of a programme of fundamental research sponsored by the Ministry of Supply 
at the University of Binningham ; approval for publication has been granted by the Director General of 
Scientific Research and Development, Ministry of Supply. 

The University, Birmingham 15. [Received, September 9ih, 1946.] 


165. The Crystal Structure of 'p-Dinitrobenzene. 

By F. J. Llewellyn. 

The crystal structure of ^-dinitrobenzene has been completely determined by utilising 
aU the diffracted beams obtainable with Cn-Ka X-radiation. The molecule is centrosym- 
metrical, and the carbon atoms of the benzene nucleus are located on a regular hexagon such 
that the C-C distance is 1 * 885 a. The nitro-group is planar, and coplanar with the rest of the 
molecule; its dimensions are C~N ~ 1*41, N-O = 1*23 a. 

The crystal structure of ^-dinitrobenzene has been previously investigated by Hertel (Z, 
physikaL Chem., 1930, 7, B, 188), Bannerjee {PhiL Mag,, 1934, 18, 1004), and James, King, 
and Horrocks (Proc. Roy, Soc., 1936, 168, A, 226) ; in the last investigation Mo-Xa radiation 
was used to determine the intensities of the diffracted beams from the {AO/}, {AAO}, and {OA/} 
planes — about 200 in all — the atomic parameters being determined by means of Fourier pro- 
jections on the (a), {b), and (c) faces. The main features of the r^ults are as follows : (i) The 
molecule of ^-dinitrobenzene is centrosymmetrical ; the benzene ring is not, however, a regular 
hexagon, as has previously been reported in other solid benzenoid substances, e,g., benzene 
(Cox, Proc. Roy. Soc., 1932, 185, A, 491), hexamethylbenzene (Lonsdale, ibid., 1929, 128, A, 
494). (ii) The nitro-group and the carbon of the benzene ring to which it is bonded are not 
coplanar. (iii) The two oxygen atoms of the nitro-group are not equidistant from the nitrogen 
atom. 

The irregularity of the benzene ring and the non-equivalence of the two oxygen atoms 
of the nitro-group are not compatible with the usual conceptions of the function of resonance 
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which is to be expected in such a substance; various objections to, and criticisms of, these 
results have been made (see Pauling, ** Nature of the Chemical Bond,*' p. 201). It seemed 
probable that, whilst the general arrangement of the molecules in the unit cell had been correctly 
determined, the detailed description of the molecule was inaccurate, mainly because the number 
of intensities used in computing the Fourier synthesis was insufficient, and also because of 
the considerable overlapping which occurs in projecting the structure on to both the a- and 
the i;-planes. 

It was decided, therefore, to repeat the structure determination, utilising all the {hkl) 
intensities obtainable with Cu-iiTa AT-radiation — about 460 in all — and to ascertain the atomic 
co-ordinates by means of three-dimensional Fourier lines and sections. 

Preliminary Crystallographic Data, — Small, well-defined, single crystals of ^-dinitrobenzene 
were readily obtained by slow evaporation of an acetone solution ; they exhibited the forms 
{110}, {100}, {101}, {oil}, {111}; the symmetry appeared to be monoclinic holohedral and the 
habit was variable. A’-Ray rotation and oscillation photographs confirmed the monoclinic 
symmetry and the axial dimensions previously reported by James et al. (loc. cit.), viz., [a] = 
11-06 A., [b] = 6-42 A., [c] = 6-66 A., p = 92® 18'; whence a:b:c==^ 2*039 : 1 : 0*42. Axial 
ratios quoted by Bodewig (Ann. Physik, 1876, 158, 239) are a : b : c = 2*038 : 1 : 0*43, p = 92® 18'. 

Various values for the density (g./c.c.) appear in the literature : 1*646 (Barker, Z. Krist., 
1908, 44, 164), 1*626 (Lobry de Bruyn, Rec. Trav. chim., 1894, 13. Ill), 1*623 (Brandi, quoted 
by Groth, “ Chemische Kristallographie,” 4, 14), 1*64 (James et al., loc. cit.); the density 
calculated from the AT-ray data on the basis of two molecules in the unit cell is 1*64 (obs., by 
flotation, 1*63). 

The only systematic halvings observed in the analysis of the AT-ray oscillation photographs 
are I AO/} absent when h 1 4^ 2n, and {OAO} absent when k 4 2n. The space-group is therefore 
P2i]n(Clf^), which accommodates the four general positions (x, y, z) and db + J# i — * 

J -f .?) in each unit cell. Since there are only two molecules in the cell, it follows that these 
must be orientated about special two-fold positions, i.e., each molecule is centrosymmetrical. 

Measurement of Intensities. — In order to make the structure determination as accurate as 
possible, the intensities of the diffracted beams from all the {hkl) planes with spacings greater 
than 0*77 a. were determined photographically. Since photographic density is proportional 
to JSf-ray intensity only over a limited range (from 0 to 1*2 approximately) it was necessary 
to take a number of oscillation photographs covering the same range of crystal orientation in 
order that all the diffracted beams which occur should be recorded as photographic spots 
whose density was within the proportionality limits. Two methods were adopted : (a) to 
vary the exposure, in which case the whole photograph was either more or less dense in pro- 
portion to this variation, or (b) to maintain the exposure constant but to screen (with aluminium 
sheets of known absorbing power) those parts of the photographic film on which the more 
intense diffracted beams fell such that their photographic impression lay within the propor- 
tionality limits. 

The latter method was finally adopted, since it permitted an easy correlation between 
the strongest and weakest spots on a given photograph and considerably reduced the number 
of photographs necessary with (a) to achieve the same end. The actual measurement was 
carried out visually by matching each of the spots on the photographic film, in turn, with 
one of a series of spots of known density on a previously prepared comparator. The standard 
series of spots on the comparator was obtained as follows. A piece of AT-ray film was exposed 
to a suitably collimated AT-ray beam for a short measured time such that on development a 
photographic image was just discernible ; a second piece of film was then exposed to the same 
AT-ray beam for this time, then moved to a new position and exposed again for a longer time, 
this operation being repeated with successive increases in exposure until the necessary range 
of density was covered. The film was developed under conditions exactly similar to those 
obtaining in the photography of the crystal. In order to facilitate the matching of the spots, 
those on the comparator were made to approximate in both size and shape to those produced 
on the. oscillation photographs. 

A set of intensities on an arbitrary scale was thus produced, and these were converted to 
an absolute scale by direct photometric comparison of the intensities of the orders of (100) 
with the (400) reflection from the ground cleavage face of rock-salt. The experimental structure 
amplitudes (Fobs.) derived from the observed intensities Q by the relation 

n = 1 + cos" 20 

^ 2m*c* ’ sin 20 
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arc listed in the table together with the calculated structure amplitudes (Foaic.) phase 

an gifts derived from the final atomic co-ordinate. 

Determination of the Structure , — In order to define the structure it is necessary to determine 
the co-ordinates of six atoms, viz., three carbons of the benzene ring, and one nitrogen and 
two oxygens of the nitro-group. The other half of the molecule is determinable by the oper- 
ation of the centre of symmetry, and the second molecule by the operation of the glide’^lane. 
Since all the atoms in the structure are located in general positions, ± (x, y, ^), ± {x -|- J, 
j j it is to be expected that a three-dimensional Harker-Patterson synthesis (/. 

Chem, Physics, 1936, 4, 381) evaluated at y = i would exhibit maxima in the Patterson function 
where 

* H L K 

Fg^g = SS cos 2n(hx + lz)(L cos 2nkl2) 

at the points db(i i ^^r)» (^r» ^r) being the co-ordinates of an atom, and thus provide 

for the direct determination of the (xz) co-ordinates of all the atoms in the structure. Such 
a three-dimensional synthesis was evaluated, and the resulting contour map (Fig. 1) plotted 
over the whole unit cell ; it is obvious that the maxima are too diffuse to be of any great service 
in determining accurate atomic co-ordinates. 

Fig. 1. 



This result is in sharp contrast with that obtained in the determination of the structure 
of pentaerythritol (Llewellyn, Cox, and Goodwin, 1937, 883) in which a Patterson-Harker 
three-dimensional summation gave rise to sharp maxima in the function Fg^ and permitted 
the accurate determination of the (xy) co-ordinates of the pentaerythritol molecule. It is 
interesting to compare the positions of the maxima Fg.^g as represented by the peaks in Fig. 1 
with the positions (represented by crosses) of the maxima calculated from the final atomic 
co-ordinates. Although it may be allowed that there is qualitative coincidence, yet the value 
of the Patterson synthesis in determining even approximate atomic co-ordinates is practically 
negligible. This question is further discussed by Booth and Llewellyn (this vol., p. 839). 

It became necessary therefore to postulate a molecule and a molecular orientation and to 
refine the resulting atomic co-ordinates in three stages : (i) by trial-and-error methods using 
the {AO/} structure amplitudes to determine the x and z co-ordinates; (ii) to refine these co- 
ordinates by two-dimensional Fourier syntheses; (iii) to obtain approximate y co-ordinates 
from a consideration of the x and z co-ordinates determined in (ii) and the bond lengths 
postulated in the molecule, and to refine these (xyz) co-ordinates by three-dimensional Fourier 
sections and lines. 

The model used in the first stages consisted of a regular hexagon for the benzene ring with 
carbon— carbon separations of 1*39 a., a planar R^NOj group which was coplanar with the 
benzene ring with carbon— nitrogen separation of 1*47 a., and a nitrogen— oxygen separation 
of 1*23 A. This model was placed in the unit cell with the centre of the benzene ring coincident 
with the centre of symmetry (origin) and orientated by trial-and-error methods until approx- 
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imate agreement between the observed and calculated values of a few {hOl) structure amplitudes 
was obtained. The (xz) co-ordinates were then refined by means of a number of two-dimen- 
sional Fourier projections involving all the {AO/} amplitudes. The resulting contour map is 
shown in Fig. 2. 

Fig. 2. 



Fourier Projection om 010. 


These co-ordinates were then used in conjunction with the model to calculate approximate 
y co-ordinates. With these {xyz) co-ordinates the phase angles of all the {AA/} structure ampli- 
tudes were calculated, and then the co-ordinates refined by successive three-dimensional Fourier 
lines parallel to [010] at the xy co-ordinates of each atom in turn and by three-dimensional 
Fourier sections parallel to (010) at the y co-ordinates of each of the atoms. After two such 
complete cycles of operations the agreement between the calculated and the observed structure 
amplitudes became satisfactory ; a third set of syntheses resulted in no alteration of the phase 
angles. The various Fourier sections are illustrated in a composite drawing in Fig. 3. 

Fig. 3. 



[a,]. 


The final atomic co-ordinates are : 


Atom. X. y. z. Atom. x. y, *. 

0-070 0-192 0-090 N 0-142 0-387 0-184 

0-082 —0-117 —0-206 O, 0-220 0-472 0-067 

0-102 0-076 -0-116 O, 0-124 0-460 0-386 


The average discrepancy between observed and calculated structure factors is 24%, 
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Chapman, Gibson, and Mann : 

Description of the Structure . — A diagrammatic representation of the ^-dinitrobenzene 
molecule is shown in Fig. 4. The atoms Cj, Cg, etc., are obtained by inversion of the atoms 
Cj, Cj, etc., across the centre of symmetry coincident with the centre of the molecule. Within 
the limits of experimental error all the atoms lie in a plane which is so orientated within the 


Fig. 4. 


M 



unit cell that the molecular axes. L and M, make angles of 48° 42' and 5° 42' respectively with 
the plane 010. Bond angles and bond lengths calculated from the measured atomic co-ordinates 
and cell dimensions are as follows : 


Cj'-Ca =1 1*385 
Q-C, = 1-385 A. 
C3-C1 1*385 A. 


Ci"N = 1-41 A. 
N-Oi « 1-23 A. 
N-Ojj = 1-23 A. 


<OrN-0, = 124° 
<Oi~N-Ci = 117i° 
<OrN'-Ci 118i° 


Other distances within the molecule are : Oi-Og = 2T7; = 2-26; Ci“Oa = 2*25 a. 

The error in the bond lengths is probably not more than ^ 0’02 a., and the angles are probably 
accurate to within ^ 2°, 

The anomalies in the bond lengths and bond angles reported by James {loc, cit.) are not 
substantiated by the present investigation. The benzene ring is a regular hexagon, and in 
this respect falls into line with the results of earlier structural work on benzenoid substances. 

The two oxygen atoms of the nitro-group are equidistant at 1*23 a. from the nitrogen atom. 
This result is in agreement with the resonance mechanism suggested by Pauling in which the 
two principal forms are : 




-N 


V 


-IN 

^o- 


Ihe observed distance, 1*23 a., is greater than the calculated value of 1*19 a. and agrees more 
nearly with the value of 1*21 ± 0*02 found in nitromethane. The ONO bond angle is 124° 
as compared with 127° found in nitromethane and the theoretical value of 126° 16'. 


This work forms part of a programme of fundamental research sponsored by the Ministry of Supply 
at the University of Birmingham; approval for publication has been granted by the Director General 
of Scientific Research and Development, Ministry of Supply. 

The University. Birmingham 16. [Received, September m , 1946.] 


166. Synthetic Antimalarials. Part XVI. ^^DialkylamiriDalkylarnino^ 
quinazolines. Variation of Suhstituents in the 6- and 1 -Positions. 

By Norman B. Chapman, Geoffrey M. Gibson, and Frederick G. Mann. 

A series of seven quinazolines having different dialkylaminoalkylamino-groups in the 
been prepared. Series of 4-dialkylaniinoalkylaminoquinazolmes, having in 
addition the 6-chloro-, 7-chloro», 7-nitro-, 6-methoxy-, and 7-methoxy-substituente, have also 
been synthesised. This wide range of quinazolines has been tested for antimalarial activity and 
some noteworthy vaiiatioiis have been revealed. 
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[1947] Synthetic Antimalariah. Part XVI. 

This investigation originated in the observation made in the laboratories of Imperial Chemical 
Industries Ltd. that 4-y-diethylaminopropylaminoquina2oline (I; R = NH*[CHj] 3 *NEta) 
showed activity against P. gallinaceum in chicks. This result was apparently at variance with 
those of Magidson and Golovchinskaya (/. Gen, Chem, Russia, 1938, 8, 1797) who first prepared 
this compound, its 6-chloro-derivative, and several other 6-substituted ^-dialkylaminoalkyl- 
aminoquinazolines and reported that they possessed no antimalarial activity. It appeared that 
the apparent discrepancy might possibly be due to a species specificity which these quinazoline 
derivatives might show in their antimalarial action, the Russian workers having probably 
tested the compounds against P. pracox (cf. Magidson et aL, J, Microbiol, and Immunohiol,, 
1934, 18, 685; Trop. Dis, Bull,, 1935, 32, 419). 

In view of the fact that 2-jb-chloroanilino-4-dialkylaminoalkylaminoquinazolines of type 
(II ; R = dialkylaminoalkyl) had also been shown to possess marked antimalarial activity 
against P. gallinaceum in chicks (Curd, Landquist, and Rose, Part XIV, this vol., p. 775) it 
became desirable to make a systematic study of the relationship between structure and 
antimalarial activity in 4-dialkylaminoalkylaminoquinazolmes of t 3 q>e (I). Accordingly, we 
first prepared a series of compounds of type (I) having no substituent in the benzene ring, but 


R NHR 



having in turn seven different dialkylaminoalkylamino-groups in the 4-position. We then 
prepared five similar series of compounds having in turn the 6-chloro-, 7-chloro-, 7-nitro-, 
6-methoxy-, and 7-methoxy-substituents. Our choice both of these groups and their position 
was determined largely by the presence of the same groups in analogous positions in various 
quinoline and acridine compounds of known antimalarial activity. Thus, for instance, Magidson 
and Rubtsov (/. Gen, Chem. Russia, 1937, 7, 1896) and Schonhofer {Z. physiol, Chem., 1942, 
274, 1) have reported on the antimalarial activity of 4-dialkylammoalkylamino-6-methoxy- 
quinolines, and D.R.-P. 683,692 relates inter alia to 7-halogeno-4-dialkylaminoalkylamino- 
quinolines which are stated to possess antimalarial activity. 7-Nitro-4-p-diethylaminoethyl- 
amino-3-ethoxyacridine (Magidson and Grigorowsky, Ber,, 1936, 69, 396) is an example of an 
active antimalarial containing a nitro-grqup. 

Over forty 4-dialkylaminoalkylaminoquinazolines have thus been prepared. In addition, 
some of the 4-hydroxyquinazoline derivatives utilised as intermediates in the synthesis of these 
quinazolines {vide infra) have also been submitted for test for prophylactic action because they 
were seen to be distantly related to Endochiii (4-hydroxy- 7-methoxy-3-«-heptylquinaldine) 
(C.I.O.S. Reports Nos. XXIII, 12. 13; XXIV. 20; XXV, 64. H.M. Stationery Office; see also 
Fitch, Pharm, J., 1945, 182) which is stated to possess prophylactic activity against avian 
malaria. 

The general route employed for the preparation of all these quinazolines consisted first in 
heating the appropriate anthranilic acid (or ester) (III) with formamide to obtain the 


R" 


0 


iCO,H 

Ink, 


(HI.) 


OH 



(IV.) 



R- 

R 


“ N 


N/ 

(VI.) 


corresponding 4-hydroxyquinazoline (IV), which when suitably treated with a mixture of 
phosphorus pentachloride and phosphorus oxychloride gave the 4-chIoroquinazoline (V). This 
when boiled in alcoholic solution with the dialkylaminoalkylamine furnished the 4-dialkylamino- 
alkylaminoquinazoline (VI), which was isolated either as the free base or directly as the 
hydrochloride. 

The various substituted anthranilic acids and quinazoline intermediates were prepared as 
follows. Direct chlorination of methyl anthranilate (Freundler, Bull. Soc. chim., 1911, 9, 606) 
gave methyl 6-chloroanthranilate (as III ; R' = Cl, R" = H) which readily condensed with 
formamide to give 6-chloro-4-hydroxyquinazoline {IV; R' = Cl, R" = H) and thence 
4 ; 6-dichloroquinazoline (V ; R' = Cl, R" = H) (cf. Magidson et al., loc. cit.). 4-Chloro- 
anthranilic acid (III ; R' = H, R" = Cl) was prepared by a modification (Curd et al,, 
forthcoming communication) of Cohn’s method {Monatsh., 1901, 22, 485), 4-chloroaceto-o- 
toluidide being oxidised to 4-chloroacetylanthranilic acid, and then hydrolysed in turn to 
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4-chloroaiithranilic acid. This acid furnished l^chloro-^^hydroxyquinazoline (IV ; R' =* H, 
R'' =3 Cl) and 4 : l-dichloroquinazoline (V; R' == H, R" =« Cl). 4-Nitroanthranilic acid (III; 
R' = H, R" = NOji), similarly prepared from 4-nitroaceto-o-toluidide, furnished 7-nitro-4- 
hydroxy- and A-chloro-l-nitro-quinazolines (IV and V; R' s=s H, R" = NOj). 

5-Methoxyanthranilic acid (III ; R' =* OMe, R" = H) was prepared by oxidising 
2-nitro-6-methoxybenzaldehyde (Mason, 1925, 1195) to 2-nitro-5-methoxyben2oic acid and 
reducing the latter. This acid gave 4:-hydfoxy-%-methoxy- and ^•chloro-^-methoxy-quinazoline 
(IV and V; R' = OMe, R" = H). 

4:^Metkoxyanthranilamide (X) was prepared by converting 2-nitro-4-methoxyaniline (VII) 
into 2-nitro-4-methoxyphenyl cyanide (VIII) (cf., Cook, Heilbron, Reed, and Strachan, 
1946, 861), which on short treatment with sulphuric acid yielded 2-nitro-4t~methoxybenzamide 



(VII.) 


Me 


< 05 . 

(VIII.) 


f^CO-NH. 
Med JnOj, 


(IX.) 


MedsJNHj 


(X.) 


(IX) : reduction with ferrous hydroxide then gave (X). 4:‘‘Hydfoxy-l-meihoxyquinazoline (IV; 
R' = H, R" = OMe) was readily prepared by the action of formic acid on this amide : it was also 
prepared, but less effectively, by the action of formamide on 4-methoxyanthranilic acid or its 
methyl ester. The usual treatment then furnished ^•chlovo^l-methoxyquinazoline (V; R' =* H, 
R" « OMe). 


(XI.) 




(XII.) 


In addition to the above quinazolines in which substituents in the pyrimidine ring were 
limited to the 4-position, the preparation of 2-amino-4-dialkylaminoalkylaminoquinazolines 
has been investigated, since Hull, Lovell, Openshaw, Payman, and Todd (Part III, 1946, 367) 
have reported that the corresponding 2-amino-4-dialkylaminoalkylamino-6 : 6-dimethyl- 
pyrimidines possessed antiplasmodial activity. For this purpose 2-chloro-4-p-diethylamino- 
ethylaminoquinazoline (XI ; R = NH*[CHa]a*NEtj) was heated with alcoholic ammonia to give 
2'‘(iininO’‘4r‘^'-diethyl(imifioethylaminoquinazoline (XII; R = NH*[CHa]a*NEt 2 ), but the yield, 
which was never high, was markedly decreased by even small changes in the time and 
temperature of heating. 2-Chloro-4-p-diethylaminoethylaminoquinazoline (cf. Part XIV, 
loc. cit.) was very conveniently prepared by boiling 2 : 4-dichloroquinazoline (Lange, Roush, 
and Asbeck, J, Amer, Chem. Soc,, 1930, 52, 3698) in alcoholic solution with one equivalent of 
p-diethylaminoethylamino. 2-Chloro-4-8-diethylamino-a-methylbutylaminoquinazoline (XI; 
R « NH*CHMe*[CHa] 3 *NEta) was similarly prepared, but this compound could not be 
satisfactorily converted into the 2-amino-derivative by the action of either alcoholic ammonia 
or potassium phthalimide. Many attempts were also made to convert 2-chloro-4-methylthio- 
quinazoline {XI ; R s=s SMe) (Part XIV) and 2-chloro-4-phenoxyquinazoline (Lange et al., loc. 
cit.) by the action of alcoholic ammonia into their 2-amino-derivatives, in the expectation that 
the 4-substituent might then be replaced by the 3-diethylamino-a-methylbutylamino-group, 
but conditions suf&ciently vigorous to replace the 2-chlorine atom by the amino-group appeared 
always to replace similarly the 4-substituent. 

Attempts to prepare the 2-amino-compound from 2-chloro^4-^~diethylaminoethylamino^7^ 
tnethoxyquinazoline also failed. This compound, although first prepared in the laboratories of 
Imperial Chemical Industries Ltd., has not yet been reported and is therefore described in this 
paper. Its synthesis involved the preparation of 2 ; 4k‘dihydroxy-7->methoxyquinazoline from 
2-carbamido-^-methoxyl)enzoic acid, followed by conversion into 2 : 4^-dichlorO‘l-methoxyquinazoline 
and condensation with /3~diethylaminoethylanune. 

The antimalari^ activity (against the blood invasive forms of P. gallinaceum) of all the 
above 4-dialltylaminoalkylaminoquina2olines has been estimated by tests in chicks, by the 
method described by Curd, Davey, and Rose {Ann. Trop. Med. Parasit., 1946, 89 , 139). The 
results are summarised in Table I where the usual method of expressing antimalarial activity is 
employed. For the antimalarial tests, certain of the 4-substituted quinazolines were weighed as 
free base (anhydrous or hydrated) which was then solubiUsed with dUute lactic acid : others 
were weighed as hydrochlorides or sulphates. The particular compound (base or salt) is 
accordingly indicated in column 4. 
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Table I. 

Antimalarial Activity of ^-Substituted Quinazolines, 
Substituent : 



6- or 7- 



Dose, 


Ref. No. 

position. 

4-position. 

Weighed as 

mg. /kg. 

Activity. 

5022 

— 

NH-[CHJ,*NEta 

base 

40 



5023 

— 

NH-LCHJa-NMejj 


80 






60 

+ 





40 


3623 * 

— 

NH-[CHj8*NEt, 

It 

120 

+ + 





40 


5064 

— 

NH*[CHj 3 -NHBu« 

It 

160 

± 





80 


5024 

— 

NH-[CHa]8-NBiiS 


40 

. 

5021 

— 

NH*CHMe-[CHj]a-NEta 

It ' 

60 

+ + 





40 


5026 

— 

NH‘[CHj8*0-[CHJa-NEta 

monohydrate 

80 


5025 

— 

NH*[CHJa-N < [CHa]4 > CH* 

80 


5683 

6-Cl 

OH 

base 

20 



5684 


NH-LCHJa-NEt* 

monohydro- 

160 






chloride 

80 







40 

, 

5^88 


NH-[CHj8*NMea 

It 

160 

+ 





80 


5685 

9 9 

NH-LCHjla-NEtj 


160 

i 





80 


5689 


NH-[CHa]8-NBu«„ 


160 



5687 

99 

NH*CHMe-[CHa]3-NEta 

base 

80 

“j- to -f* “b 





40 


5686 

99 

NH*[CH Ja-N < [CH > CH^ 

monohydro- 

160 






chloride 



5245 

7-Cl 

NH*[CH2]a*NEta 

base 

80 

+ to 





40 


5248 

** 

NH-[CHJa-NMea 

It 

80 

+-I- 





40 

+ to -i- + 





20 


5247 

,, 

NH-[CHj8-NEta 

,, 

80 

+ + 





40 






20 

-b 

5249 

,, 

NH*[CH2]3*NBu«a 


160 

+ “h 





80 

+ 





40 


5246 

,, 

NH-CHMe-CCHala-NEta 

,, 

20 

+ + 





10 


5251 

,, 

NH-[CH2]3-0'[CHa]2-NEta 

,, 

80 

+ + 





40 

+ 





20 


5250 

,, 

NH-ICHaJa-N < [CH^Ja > CH^ 

hemihydrate 

160 

+ 4“ 





80 

-b 

5682 

7-NOa 

OH 

base 

not tested 

5407 

** 

NH-CCHala-NEt* 

monohydro- 

320 

+ to -}- + 




chloride 

160 


5409 

,, 

NH-[CHa]a-NMea 


160 



5408 


NH-LCHJa-NEta 


160 

. 

5410 


NH*[CHa]3-NBu«a 


160 

± 





80 


5406 

It 

NH-CHMe-[CHa],*NEta 


320 

+ + 





160 

+ to + 





80 



5412 

,, 

NH-[CHJ,-0*[CHala*NEta 


160 



5411 

6-OMe 

NH-[CHala-N <[CHa]4> CH^ 


160 



6123 

OH 

base 

80 



6117 


NH-[CH,]a*NEta 

disulphate 

140 



6121 

,, 

NH-[CHj]8-NMe. 

base 

80 

-f- to -j- 

6118 

,, 

NH-[CHa]8-NEt. 

disulphate 

140 

4- 

6122 

It 

NH*[CH,]a-NBu«* 

. 

120 


6120 

It 

NH-CHMe-[CHJ,.NEt, 

monohydrate 

80 

+ + 

6li9 

l-6ue 

NH-[CH J.-N < [CH J. > CH, 

base 

80 

4- 

5681 

OH 


not tested 

5252 

It 

NH-[CHJ,-NEt, 

99 

160 

+ + 





80 



* Prepared by Dr. J, K. Landquist, Imperial Chemical Industries Ltd. (Dyestuffs Division). 
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Ref. No. 
5256 

5253 


5257 


5255 

5258 


5254 


5622 
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Table I — contd. 


Substituent : 

"o-orT-*” 

position. 4-position. 

7-OMe NH-[CHj3-NMe, 

NH*[CHj3-NEt, 

„ NH‘[CHJ,-NBuaa 

„ NH-CHMe-LCHala-NEtj 

„ NH-[CHj3-0-[CHj3-NEt3 

NH-[CHJ3*N<[CH3]4>CH3 

2-ami no- 4-^-diethylaminoethylamino- 
quinazoline 


Weighed as 

Dose, 

mg./kg. 

Activity. 

baise 

80 

+ + 


40 

— 

disulphate 

160 

+ to -1- + 

80 

— 


160 

4 * 


80 


base 

40 

44 


20 

4 

monohydrate 

160 

+ 4 

80 

± 

base 

80 

4-4 


40 

4 


40 

+ 4 


20 

4 


The following 4-hydroxyquinazolines were tested for prophylactic activity against P. gallinaceum 
in chicks by the method described by Davey {Ann. Trop. Med. Parasit., 1945, 40 , in the press) but found 
to be inactive : 6681 and 6682 at 4 mg./60 g., and 6683 at 1 mg./60 g. In addition,^622 was found to be 
inactive prophylactically at 8 mg.j50 g., and 6246, which showed the highest activity against the blood 
forms of P. gallinaceum of all the 4-dialkylaminoalkylaminoquinazolines investigated, likewise showed no 
prophylactic activity (at 4 mg./50 g.). 


Although the detailed biological results, summarised in Table I, will be published and 
discussed elsewhere, it may be noted that, in each of the six series of 4-dialkylaminoalkylamino- 
quinazolines investigated, highest activity was found in the compound containing the 
3-diethylamino-a-methylbutylamino-side chain and that substitution by a chlorine atom in the 
7-position led to the highest activity. ^ 


Experimental. 

Notes on the Preparation of the Substituted Anthranilic Acids and for their Derivatives. — Methyl 
h-chloroanthranilate (as III : R' = Cl, R" = H), Direct chlorination of methyl anthranilate (405 g.) by 
Freundler's method {loc. cit.) gave methyl 3 : 6-dichloroanthranilate (174 g.) and methyl 
6-chloroanthranilate (200 g.). The latter had m. p. 67 — 69° after recrystallisation from light petroleum 
(b. p. 60 — 80°), and contained a trace of methyl anthranilate which did not interfere with the preparation 
of 6-c hloro-4-hydroxy quinazoline. 

ArChloroanthranilic acid (III ; R' = H, R" = Cl) and ^-nitroanthranilic acid (III ; R' = H, 
R'' = NOa). See Curd et al., forthcoming communication. 

6--M ethoxy anthranilic acid (III; R' ~ OMe, R" = H). 2-Nitro-5-methoxybenzaldehyde (Mason, 
loc. cit.) was oxidised by alkaline permanganate at 20° to the corresponding acid in 92% yield; m. p. 
132 — 133°. The nitro-acid was reduced to 6-methoxyanthranilic acid with hot stannous chloride and 
hydrochloric acid, the tin removed by addition of ammonia, a slight excess of acetic acid added to the 
filtrate, and the amino-acid isolated by continuous extraction with ether- in a percolator; yield, 90% ; 
m. p. 144 — 147° (decomp.). 

2-Niiro-4-methoxyben2amide (IX) and ^-metkoxyanthranilamide (X). Concentrated sulphuric acid 
fl 1.) and water (1 1.) were mixed and heated to boiling. 2-Nitro-4-methoxyphenyl cyanide (200 g.) 
(Cook et al., loc. cit.) was then added during 2 minutes, and the mixture hand-stirred and gently boiled for 
4 minutes. It was then rapidly cooled, diluted to 8 1. with ice and water, set aside for 1 hour, and the 
crude %‘nitro-4-methoxybenzamide (IX) collected and extracted with ammonia. The 2-nitro-4-methoxy- 
benzoic acid (39 g.) in the extract was converted into the amide in the usual way (thionyl chloride, 
aqueous ammoni^, and added to the main portion (m. p. 150 — 167°) which was then suspended in a 
solution of hydrated ferrous sulphate (2200 g.) m water (31.). The mixture was boiled and stirred, and a 
slight excess of ammonia gradually added, l^iilien cold, the solid was collected and extracted with 
boiling alcohol. The extract afforded ^-methoxyanthranilamide (X) (137 g.), m. p. 160 — 163°. A 
portion of the nitro-amide (IX) had m. p. 161 — 161-6° after recrystallisation from water (charcoal), 
unchanged after recrystallisation from alcohol (Found : N, 14*6. C8HSO4N, requires N. 14*3%). A 
portion of the anthranilamide (X) had m. p. 165— -ISS-S® after recrystaUisation from water (charcoal), 
unchanged after recrystallisation from alcohol (Found : N, 17-4. CgHioOgNj requires N, 16-9%). 

In one reduction the amide-iron oxide mixture was dried, pulverised, and extracted with boiling 
acetone in an automatic apparatus. Removal of the solvent gave 2-isopropylideneamino-4i-fnethoxy- 
benzamtde, m. p. 196 — 196*5° after recrystaUisation from much water (charcoal) (Found : C, 63*8; H, 
7*0; N, 14*0. Cij.Hi 403 Nj requires C, 64*1; H, 6*8; N, 13*6%). This anil was hydrolysed to the 
anthranilamide in 96% yield on boiling for 20 minutes with 25% sulphuric acid. 

2-Nitro-4-methoxybenzoic acid. The cyanide (VIII) (20 g.) was refluxed for 2*5 hours with sulphuric 
acid (75 c.c.) and water (100 c.c.), the mixture cooled sind diluted with water, and the 2-nitro-4-methoxy- 
benzoic acid purified by dissolution in ammonia (yield, 20*4 g.) ; m. p. 196 — 197° after recrystaUisation 
from water (charcoal). 

4fMethoxyanthranilic acid (III; R' « H, R" » OMe). This acid was prepared from 2-nitro-4- 
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methoxybenzoic acid in the same way as its 5-methoxy-isomer above, and was precipitated from the 
ammoniacal solution on addition of acetic acid. Since the amino-acid is nearly completely 
decarboxylated by boiling for 0*6 hour with 2N-hydrochloric acid, the reduction was carried out as rapidly 
as possible at 85 — 90®, and the solution then immediately cooled; yield, 86%; m. p. 166 — 166*5® 
(decomp.) after recrystallisation from water (charcoal). The methyl ester was prepared by boiling the 
hydrochloride of the acid with 10% methanolic hydrogen chloride for 3 hours, and purified by washing 
with ammonia and recrystallisation from aqueous methanol (charcoal) ; m. p. 75 — 77®. 

Preparation of the ^Hydroxyquinazolines. — 4-Hydroxyquina2oline (IV ; R' = R" = H) was 
obtained in 66% yield by heating anthranilic acid (1 mol.) and formamide (2 mols.) at 135® for 3 hours 
and recrystallising the product from alcohol. 

6- Chloro-4-hydroxyquinazoline (IV ; R' = Cl, R" = H) was prepared by heating methyl 
6-chloroanthranilate (188 g.) and formamide (200 c.c.) at 180° for 9 hours, the methanol produced being 
allowed to escape. The product was extracted witli cold 3% aqueous sodium hydroxide, the insoluble 
material (31 g.) removed, and the hydroxyquinazoline (129 g.) obtained from the extract by addition of 
aqueous ammonium chloride followed by recrystallisation from acetic acid. The alkali-insoluble material 
gave on recrystallisation from alcohol a compound, m. p. 220 — 221*5°, which appeared to be a 6-chloro-4- 
hydroxydihydroquinazoline (Found : C, 62*6; H, 3*9; N, 15*0; Cl, 19*5. CgH 70 N 2 Cl requires C, 62*6; 
H, 3*8; N, 15*3; Cl, 19*5:%). 

l-Chloro-4:-hydroxyquinazoline (IV ; R' = H, R" — Cl) was obtained in 66% yield by heating 
4-chloroanthraniiic acid (1 mol.) and formamide (2 mols.) at 160° for 3 hours and recrystallising the 
product from alcohol. 

7- NitrO“4-hydroxyquinazoline (IV ; R' ~ H, R" = NOg) was prepared by heating 4-nitroanthranilic 
acid (160 g.) and formamide (180 c.c.) at 160° for 6 hours, extracting the product with hot 3% aqueous 
sodium hydroxide, and acidifying the solution with acetic acid ; yield, 152 g. 

Ai-Hydroxy-^-methoxyquinazoline (IV ; R' = OMe, R" = H) was prepared by heating 6-methoxy- 
anthranilic acid (84 g.) and formamide (100 c.c.) at 140° for 4*6 hours. The product was extracted with 
warm 10% aqueous sodium hydroxide, hydrochloric acid and tlien ammonia added, and the precipitated 
hydroxyquinazoline recrystalUsed from alcohol ; yield, 75 g. 

4t-Hydroxy-l-methoxyquinazoline (IV ; R' — H, R" = OMe). (a) 4-Methoxyanthranilamide (66 g.) 
and formic acid (d, 1*20; 70 c.c.) were refluxed at 140° for 2*5 hours. The product was treated with 
6% aqueous sodium hydroxide, and hydrochloric acid followed by ammonia added to the extract; 
this precipitated the hydroxyquinazoline (66 g.). , 

(6) Methyl 4-methoxyanthranilate (4*2 g.) and formamide (4 c.c.) were heated at 140° for 3 hours. 
Extraction of the product with cold, dilute sodium hydroxide gave the hydroxyquinazoline (1*3 g.) and 
a compound (2*2 g.), m. p. 76 — 78°, which was probably the unchanged ester. 

(c) 4-Methoxyanthranilic acid (5 g.) and formamide (3 c.c.) were heated at 140° for 5 hours. The 
product, boiled with alcohol and cooled, gave the hydroxyquinazoline (1 g.). The alcoholic filtrate was 
evaporated, and the residue extracted with ether in the presence of aqueous sodium hydroxide. The 
extract gave a solid (2*4 g.), m. p. 56*5—67*5° after recrystallisation from ether-light petroleum, which 
appeared to be formo-w-anisidide (Reverdin and Luc, Ber., 1914, 47, 1639, give m. p. 67°); it gave 
w-anisidine on hydrolysis with hydrochloric^ acid. The yield of hydroxyquinazoline was unaffected 
when the above reaction was carried out with a large excess of formamide. When the amino-acid (0*6 
g.) and formamide (1 c.c.) were heated at 100° for 7 hours, the hydroxyquinazoline (0*03 g.) and an 
unidentified ammonia-soluble substance (0*16 g.), m. p* 189 — 190°, were obtained. 

Preparation of the AL-Chloroquinazolines . — ^The hydroxyquinazoline (50 — 100 g., 1 mol.) was boiled 
with phosphorus pentachloride (1 mol.) and pure phosphorus oxychloride (150 — 300 c.c.) until the 
liquid was substantially clear (and no longer), the solvent removed by vacuum distillation, and the 
residue extracted with boiling light petroleum in a dry atmosphere. The extract deposited the 
4-chloroquinazoline on cooling. This method gave products which were almost pure, and were collected 
as soon as the liquid was cold; otherwise, they tended to decompose. In this way, the following 
compounds were obtained, the reaction time, the b. p. of the light petroleum used for their isolation, and 
the yield being indicated in parenthesis : 4-chloroquinazolinc ( V ; R' — R" == H) (2 hours, 60 — 80°, 
46%); 4 : 6-dichloroquinazoUne (V; R' = Cl, R" = H) (3 hours, 80—100°, 90%); 4: \ l-^dichloro- 
quinazoline (V; R' = H, R" = Cl) (1 hour, 80—100°, 60%); 4-chloro-l-nitroquinazoline (V; R' = H, 
R" = NO,) (0*5 hour, 80—100°, 70%); 4rchloro-Q-^methoxyquinazoline (V; R' = OMe, R" = H) (1*5 
hours, 40 — 60°, 67%); 4-chloro-l-methoxyquinazoline (V; R' = H, R" ~ OMe) (0*25 hour, 60 — 80°, 
50%), 

Preparation of the ^-Dialkylaminoalkylaminoquinazolines. — The appropriate 4-chloroqumazoline 
(10 g., 1 mol.) and the appropriate amine (1*1 mols.) were refluxed in alcohol (50 c.c.) for 0*6 — 1 hour; 
the required reaction had then occurred quantitatively. The material was then worked up in either of 
two ways : (a) the crystalline 4-dialkylaminoalkylaminoquinazoline monohydrochlorides, which were 

occasionally deposited during the initial refluxing, were isolated either by direct addition of ether or by 
concentration and dissolution of the resulting syrup in acetone followed, if necessary, by addition of 
ether. Reference to these salts in Table II indicates when this method of working up was used for the 
particular compound in question, (b) The solutions were freed from solvent, the residues were taken up 
in acidulated water, sodium hydroxide was added, and the liberated bases were isolated by extraction 
with chloroform. When the bases were so hygroscopic as to be difficult to manipulate, or when it was 
desired to purify them through their salts, they were converted into their disulphates by dissolution in 
excess of concentrated alcoholic sulphuric acid followed by addition of acetone until just turbid ; the 
salts crystallised out on being kept at 0® for a few hours. 

The essential data concerning the above quinazolines and their derivatives are collected in Table II : 
the following notes give additional information concerning the properties and manipulation of certain of 
these compounds. 

Simple quinazoline series. The dimethylaminopropylamino-compound was hygroscopic. The 
diethylaminoethox 3 rpropylamino-compound was distilled (b. p. 196 — 200°/0*03 mm.) before the 
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recrystallisation indicated in Table II. The m<mobntylanunopropyIamino-compouiid had b. p. 

160—1 7070 0001 ram. ..... . t • u 

^ChloroquinazoUne series. During m. p. determmations on the diethylammopropylammo-hydro- 
chloride the melt occasionally solidified and then remelted at 186—187°, la the preparation of the 
dibutylaminopropylamino-hydrochloride, the cooled reaction mixture deposited waxy plates of a 
compound wluch had the same composition as y-dibutylaminopropylamine dihydrochlonde ; m. p. 
326—327° (decomp.) after recrystallisation from alcohol containing a trace of water (Found : C, 60*8 ; 
H, IM; N, 10*4; ionic Cl, 27*9, CiiHMNa,2HCl requires C, 61*0; H, 10-8; N, 10*8; ionic Cl, 27*4%) . 
Evidence that it was not identical with this diamine salt is : (a) a high m. p. and sparing solubility in 
pure alcohol would not be expected for such a salt; (6) addition of sodium hydroxide to its aqueous 
solution precipitated an almost odourless oil; (c) y-dibutylaminopropylamine dihydrochloride was 
obtained, either by confinement over solid sodium hydroxide of a solution of the base in a slight excess of 
concentrated hydrochloric acid or by passing dry hydrogen chloride into a solution of the base in absolute 
ether, as an uncrystallisable syrup, an alcoholic solution of which failed to crystallise after being kept for 
several weeks, either alone or after being seeded with the unidentified compound. The latter was 
encountered during the preparation of all the dibutylaminopropylaminoquinazolines reported in this 
paper, and evidently arose from an impurity in the y-dibutylaminopropylamine used. 

l-^NxtfoquinazoUne series. The diethylaminopropylamino-, diethylaminomethylbutylamino-, 
dibutylammopropylamino-, and diethylaminoethoxypropyiamino-bases became dark brown on exposure 
to light. The last compound was hygroscopic, and formed a syrup on exposure to air. The syrup, 
which was a monohydrate, ultimately crystallised, and the pure anhydrous base was prepared from the 
purified hydrate by desiccation over sulphuric acid. 

^Methoxyquinazoline series. On very humid days the diethylaminopropylamino- and dibutylamino- 
propylamino-bases were hygroscopic, rapidly forming syrups on exposure to air. The piperidinopropyl- 
amino-disulphate underwent marked dissociation to the monosulphate on recrystallisation from riightly 
aqueous alcohol ; the dibutylaminopropylamino-disulphate also dissociated when recrystallised in the 
absence of free sulphuric acid, although much less readily than the previous salt. The diethylamino- 
methylbutylamino-baste monohydrato withstood the drying action of sulphuric acid, and hence must 
have considerable stability. 

1-M ethoxy quinazoline series. The diethylaminopropylamino-, dibutylammopropylamino-, and 
diethylaminoethoxypropylamino-bases were hygroscopic, and formed syrups on exposure to air. The 
syrup from the Jast compound crystallised as the monohydrate on standing, and the pure anhydrous base 
was obtained from the purified monohydrate by confinement in a vacuum over sulphuric acid. The 
dibutylaminopropylamino-base could not be satisfactorily recrystallised, and was therefore prepared 
from its purified disulphate by basification, extraction with pure ether, and removal of solvent, finally 
in a desiccator over sulphuric acid. The diethylaminomethylbutyiamino-base was hygroscopic to an 
extent depending on the climatic conditions, and was purified through its oxalate as follows : the crude 
base, dissolved in acetone, was added to excess of a dilute solution of hydrated oxalic acid in acetone. 


Next day, the acetone was decanted, and the hard residue boiled with alcohol to give a crystalline solid, 
m. p. 166 — 167° (decomp.) unchanged after recrystallisation from alcohol containing a trace of water. 
The constitution of this compound was uncertain, but it appeared to be either the base mono-oxalate 
monoalcoholate monohydrate or the dihydrated monoethyl oxalate salt of the base (Found for material 
dried in a vacuum over sulphuric acid : C, 66*9; H, 7*9; N, 12*0. Ci8Hag0N4,C2H204,C8He0,Hg0 or 
CnHa20N4,C4H«04,2H20 requires C, 66*2; H, 8*1 ; N, 11-9%). The base was recovered from this salt 
by dissolution in water, addition of sodium hydroxide, and extraction with pure ether. 

2-Chloro-4t-p-diethylaminoethylaminoquinazoHne {XI; R = NH-[CHa]2*NEta). — A mixture of 
2 : 4-dichloroquinazoline (6 g.), j3-diethylaminoethylamine (4 g., 1*1 mols,), and ^cohol (25 c.c.) was 
refluxed for 30 minutes. After cooling, the hydrochloride of the quinazoUne (XI ; R = NH*[CH2]a*NEt2) 
which had separated was collected and crystallised from alcohol (yield, 90%), m. p. 202° in agreement 
with Curd, Landquist, and Rose (Part XIV, loc, cit.) (Found : N, 17-6. Calc, for Ci4H,2N4Cl,HCl : 
N, 17*8<%). 

2-Amino-4-’p-diethylaminoethylaminojuinazoHne (XII; R = NH*[CH2]a'NEta). — Several experiments 
in which the degree and period of heating were varied showed the following conditions to be the most 
satisfactory. The above hydrochloride (10 g.) was dissolved in a minimum amount of warm alcohol and 
then treated with cold alcohol previously saturated with ammonia (60 c.c.). The solution was filtered 
to remove precipitated ammonium chloride and then heated at 120° for 2 hours. Alcohol and ammonia 


were tlien removed from the product by evaporation at 20 mm. pressure, the residue was treated with 
30% aqueous sodium hydroxide, and the bate extracted with ether and dried (KjCOj). After removal 
of the ether, the residual solid was first extracted with hot light petroleum (b. p. 60 — 80°) to remove 
unchanged chloro-compound, and then recrystaUised from acetone. The 2-amino-quinazoline was 
obtained as colourless crystals, m. p. 144° (Found : C, 66-3; H, 8*2; N, 26-8. CuHjiN# requires C, 
64*9; H, 8-1; N, 27 0%). 

A^en this reaction was carried out at higher temperatures, e.g., 170°, intractable gummy mixtures 
were produced, from which the only pure constituent isolated was 2 ; 4-dihydroxyquinazoline. 

2-Chloro-^-h-duthylamino-a-methylbutylaminoquinazoline (XI; R =« NH*CHMe*[CHa]s*NEt2). — A 
mixture of 2 : 4-dichloroquina2oUne (10 g.), 8-diethylamino-a-methylbutylamine (8 g., 1*1 mols.), and 
alcohol (60 c.c.) was refluxed for 1 hour, and the alcohol then evaporated. The residual syrup was 
treated with 30% aqueous sodium hydroxide, and the liberated base extracted with ether and dried. 
Evaporation of the ether gave an oily residue which solidified when vigorously stirred with chilled light 
petroleum (b. p. 40 — 60°) ; recrystallisation from light petroleum then furnished the 2-chloro-compouad 
as colourless crystals, m. p. 98° (Found : C, 63*7; H, 8*0; N. 17*8. Calc, for Ci,Ha|N4Cl: C, 63*7; 
H, 7*8; N, 17*6%) (yield, 37%). 

2 : ie-Dikydroxy-l-^mothoxyminazoUne and its Derivatives, — Sodium cyanate {2*6 g.) was added rapidly 
to a suspension of pure 4-methoxyanthranilic acid (6 g.) in acetic acid (16 c.c.) at 60°. The mixture was 
heated on the steam-bath until effervescence ceased, fluted with water, and the 2-carbamido-^'fneihoxy^ 



899 


[ 1947 ] Synihetic Antimalarials. Part XVII. 


benzoic acid collected, washed with boiling alcohol to remove any traces of unchanged amino-acid, ^nd 
further purified by dissolution in ammonia and reprecipitation with acetic acid; m. p. 185 — 186° 
(decomp.) (Found : N, 13-1. C0HioO4Na requires N, 13*3%). The carbamido-acid was then boiled for 
1 minute with 20% sodium hydroxide (30 c.c.), cooled, and the sodium salt of the dihydroxyquinazoline 
collected. The salt was dissolved in boiling water, dilute sulphuric acid followed by ammonia added, 
and the precipitated 2 : 4t.-dihydroxy~l-methoxyquinazoline collected and washed with alcohol (yield, 
4-3 g.) ; m. p. 299—301° (Found : N, 14-4. CjHgOjNjj requires N, 14'6%). 

The dihydroxyquinazoline (10 g.), phosphorus pentachloride (22 g.), and pure phosphorus oxychloride 
(32 c.c.) were boiled until the liquid was clear (10 minutes), the solvent distilled off under reduced 
pressure, and the residue extracted with boiling light petroleum (b. p. 60 — 80°) in a dry atmosphere. 
2: 4rDichloro-l-methoxyquinazoline (7 g.) crystallised from the extract on cooling; m. p. 121 — 121*5° 
after recrystallisation from light petroleum (b. p. 60 — 80°) (Found : N, 12*2; Cl, 30-9. CjHeONjCla 
requires N, 12*2; Cl, 31*0%). 

The dichloroquinazoline (5 g.) and 8-diethylaminoethylamine (3*1 g., 1*2 mols.) were refluxed in 
alcohol (25 c.c.) for 10 minutes, the solvent was removed, the crystalline residue dissolved in water, 
aqueous sodium hydroxide added, and the liberated 2-chloro-^-p-diethylaminoethylamino-l-methoxy- 
quinazoline isolated by extraction with chloroform and recrystallised from light petroleum (b. p. 60 — 80°) 
(yield, 5*8 g.) ; m. p. 108—109° (Found : N, 17*9; Cl, 11*4. Ci5Hs5iON4Cl requires N, 18*2; Cl, 11*5%). 

The above chloroalkylamino-compound (1 g.) and alcohol saturated with ammonia at 0° (9 c.c.) 
were heated in a sealed tube at 160° for 3 hours. The solution was then distilled to remove solvent and 
ammonia, and the resulting syrup dissolved in dilute hydrochloric acid, basified with sodium hydroxide, 
and extracted with ether. Removal of the solvent left a small amount of resinous material which 
could not be crystallised, and from which crystalline salts could not be obtained. 


This investigation was carried out as part of a wartime programme of antimalarial research sponsored 
by the Medical Research Council in collaboration with Imperial Chemical Industries Ltd. We are 
indebted to the former for grants (N. B. C. and G. M. G.) and to the latter for materials and for carrying 
out the biological tests. We are also greatly indebted to the workers of Imperial Chemical Industries 
for many discussions on the above work. 

After this paper had been prepared for publication the following papers on quinazoline derivatives of 
related types appeared ; Endicott, Wick, Mercury, and Sherrill (/. Amer, Chem. Soc., 1946, 68, 1299) ; 
Smith, EUsberg, and Sherrill (ibid,, p. 1301) ; Endicott, Alden, and Sherrill (ibid., p. 1303) ; Price, 
Leonard, and Curtin (ibid., p. 1305) ; Christensen, Graham, and Tomisek (ibid., p. 1306), and Bunnett 
(ibid., p. 1327). 

University Chemical Laboratory, Cambridge. [Received, September lOth, 1946.] 


167 . Synthetic Antimalarials. Part XVII. Some Arylamino- 
aminoalkylaminoquinoline Derivatives. 

By F. H. S. Curd, C. G. Raison, and F. L. Rose. 

The differential reactivities of the substituent groups in 2 : 4-dihydroxy- and 2 : 4-dichloro- 
quinoline have been investigated and have been utilised for the preparation of a series of 
2-arylamino-4-aminoalkylaminoquinolines (I) and their isomers (II), The former show the 
higher degree of antimalarial activity against P. gallinaceum in chicks, and this is discussed in 
the light of recent hypotheses. 


The purpose of this communication is to report work leading to the synthesis of quinoline 
derivatives of types (I and II ; R' = aminoalkyl) that have not hitherto been investigated in 
the search for antimalarials based on the quinoline nucleus. The new compounds have an 


NHR' 
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NHR' 



(IV.) 


9Ha-[CH-OH]3-CH,-OH 

Mef^^YNyO 

Riboflavin. 


NHR' 




(VI.) 


arylamino- and an aminoalkylamino-group attached to a heterocyclic ring system and in this 
respect are related to the pyrimidines of types (III) and (IV) described in Parts I, II, VI, and IX 
(/., 1946, 343, 351, 370, 720) and the 2-arylamino-4-aminoalkylaminoquinazolines (V) (Part 
XIV, this voL, p. 775), all of which are actively plasmodicidal. 
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Curd, Raison, and Rose: 

*ro achieve the synthesis of compounds of types (1) and (II) the possibility bf a stepwise 
replacement of the groups R and R' in a quinoHne derivative of type (VI ; R = R' aa OH or 
halogen) was first considered because the simpl^ of such compounds, namdy 2 : 4-dihydroxy- 
quinoline, was available as a dye intermediate. Further, literature methods were available for 
the preparation of a considerable number of nuclear substituted derivatives. Very little 
information was available, however, on the feasibility of carrying out the desired stepwise 
replacements. The reaction of 2 : 4-dihydroxyquinoline with a number of primary and 
secondary aliphatic amines at temperatures of 160 — 260® to give exclusively 4-amino- or 
4-alkylamino-quinolines in high yields has been described (G.P. 681980). A similar reaction has 
now been found to occur with dialkylaminoalkylamines such as y-diethylaminopropylanjine 
giving 4-y-diethylafninopropylamino-2-‘hydroxyquinoline (VI; R = OH, R' = NH*[CHJg*NEtj). 
This compound reacted slowly with boiling phosphoryl ctiloride to give 2->chloro*4t^y^dieihylamino^ 
propylaminoquinoline (VI ; R = Cl, R' =* NH*[CHj 3 *NEta) which was then condensed with 
j^-chloroaniUne by heating the reactants at ca, 200® for several hours, the product being 
2->p*chloroanilino-4t-y^diethylafninopyopylaminoquinoline (I; R « Cl, R' = [CHJg*NEta). The 
condensation was also possible using an equimolecular proportion of ^-chloroaniUne in aqueous 
suspension in presence of hydrochloric acid (I'l mols.), but a reaction time of 48 hours was 
needed to achieve a good yield. The orientation of these derivatives was demonstrated by the 
smooth reduction of the intermediate 2-chloro-4-y-diethylaminopropylaminoquinoline with 
hydrogen and Raney nickel (cf. Whitmore and Revukas, J, Amer, Chem, Soc,, 1940, 62, 1691 ; 
lOrahler and Burger, ibid., 1941, 68, 2367) to give ^-y-diethylaminopropylaminoquinoline, 
identical with a specimen prepared by the condensation of y-diethylaminopropylamine with 
4-chloroqu inoline. 

G.P. 681980 makes no mention of the condensation of 2 : 4-dihydroxyquinoline with 
arylamines, and we have found that the former is recovered completely unchanged after being 
heated with excess of aniline at 180 — 200° for 48 hours. In the presence of aniline hydrochloride, 
however, a smooth reaction occurred with the elimination of water and the formation (in 90% 
yield) of 4-anilino-2-hydroxyquinoline (VII; R = H, R' = OH). Even so weak an acid as 
boric acid catalysed the condensation but less efficiently than hydrochloric acid. This compound 
has been described previously by v. Niementowski (Ber., 1907, 40, 4286) and by Dziewonski and 
Dymek {Chem. Zentr., 1937, I, 1163). The former obtained it as one product of the reaction of 
benzoylacetic ester with anthranilic acid, noted its insolubility in alkali, and obtained 
4-anilinoquinoline in poor yield from it on distillation with zinc dust. The latter authors heated 
2 : 4-dianilinoquinoline with potassium hydroxide, obtained 4-anilino-2-hydroxyquin61ine, and 
in addition the isomeric 2-anilino-4-hydroxyquinoline which is alkali soluble. They apparently 
used V. Niementowski's work as a basis for the orientation of the two isomers. We have found 
that 4-anilino-2-hydroxyquinoline reacts readily with phosphoryl chloride to yield 2-chloro-4- 
anilinoquinoline, and this compound, on reduction with hydrogen and Raney nickel, gave 
4-anilinoquinoline, m. p. 196 — 198°, identical with an authentic specimen prepared from 
4-chloroquinolme (cf. Ephraim, Ber., 1893, 26, 2229; Backeberg, /., 1933, 618). The 
corresponding ^-chloroanilino-compound (VII ; R = R' = Cl) was similarly obtained by first 
bringing 2 : 4-dihydroxyquinoline into reaction with ^-chloroaniline in presence of its 



NHR' 


(IX.) 


NHR 




(X.) 


(XL) 


hydrochloride to give 4t-‘^’’ChloroaniUno-2-hydroxyquinoline (VII ; R =* Cl, R' ssa OH) and then 
treating this with phosphoryl chloride. The 2^cklorp~4:-^-chloroanilinoquinoline thus obtained 
reacted readily with p-diethylaminoethylamine at 180 — 140® to give 4-^-chloroanilino-2-p- 
diethylaminoethylaminoquinoline and with y-di-i*-butylaminppropylamme to give 4-^-chloro- 
anilino-2-)/-di-«-butylaminopropylaminoquinolme which were most readily isolated as their 
dihydriodtdes. 
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The reactions described above sufi&ced for the preparation of the two isomeric types of 
quinoline derivatives (I) and (II) of undoubted orientation, but before they were fully worked 
out a number of compounds of type (I) had been prepared starting from 2 : 4-dichloroquinoline. 
As far as we are aware the relative reactivities of the halogen atoms in this compound have been 
investigated previously only by Buchmann and Hamilton (/. Amer. Chem, Soc,, 1942, 64 , 1357) 
who heated it with potassium hydroxide in alcohol. Besides a small amount of 
4-chlorocarbostyril they obtained approximately equal amounts of 4-chloro-2-ethoxy- and 
2-chloro-4-ethoxy-quinoline. The reaction of (VI ; R = R' = Cl) with arylamines has now 
been investigated. When heated with an equimolecular amount of aniline, in alcohol or benzene 
in presence of anhydrous potassium carbonate, no reaction took place. This failure was 
understandable when it was found that the reaction of 2 : 4-(iichloroquinoline and arylamines 
was catalysed by acid, so that in view of the formation of hydrochloric acid by the reaction the 
process was normally autocatalytic and indeed, in the absence of solvent, often violently 
exothermic. These general observations were later given confirmation by the work of Banks 
(ibid., 1944, 66, 1127). When equimolecular amounts of 2 : 4-dichloroquinoline and aniline, in 
acetic acid solution, were warmed together on the steam-bath, only a mildly exothermic reaction 
took place. The product was a mixture, but the only pure compound that could be isolated 
(in 53% yield) was 4-chloro-2-anilinoquinoline. This gave a considerable depression in melting 
point with 2-chloro-4-anilinoquinoline, whilst on reduction with hydrogen and Raney nickel it 
gave a substance, m. p. 102 — 103°, conforming to the description of 2-anilinoquinoline recorded 
in the literature (Friedlander and Weinberg, Ber., 1885, 18, 1532; Goldschmidt and Meissler, 
ibid., 1890, 23 , 277). A number of other arylamines were then condensed with 2 : 4-dichloro- 
quinoline to give products of type (VIII ; R' = Cl) which on heating with aminoalkylamines 
afforded compounds of type (I). Thus (VI; R = R' — Cl) and /?-chloroaniline led to 
4-chloro-2-p-chloroanilinoquinoline which when condensed with y-diethylaminopropylamine gave 
(I ; R == Cl, R' == [CHgla'NEtg) identical with that made from 2-chloro-4-y-diethylaminopropyl- 
aminoquinoline and />-chloroaniline. 

V^ien tested against P. gallinaceum in chicks, 2-^-chloroanilino-4-p-diethylaminoethylamino- 
and 4-y-diethylaminopropylamino-quinoline showed activity comparable with that of the 
analogous pyrimidines of t)p)e (III) but a certain lack of parallelism between the two series was 
observed when further variations in the arylamino- and aminoalkylamino-groups were 
investigated. An even greater divergence was noticeable between the quinoline derivatives of 
type (II) and the pyrimidine derivatives of type (I\0» ^or the high activity of (IV; R = Cl, 
R' = [CHJa’NBu®^) (Part VI, loc. cit.) contrasted most markedly with the very low order of 
activity shown by (II; R = Cl, R' = [CHj 3 ’NBu® 2 )* This led us to examine the possibility 
that the activity of compounds of type (I) might be unconnected with their relationship to type 
(III), and this appeared to be a likely possibility since quinolines of types (I) and (II) do not allow 
conjugation between the pendant aryl and aminoalkyl groups via alternate carbon and nitrogen 
atoms as a result of either prototropy or resonance which, from our earlier work, we had come to 
believe might be a significant factor in the activity of our pyrimidine and diguanide types (Part 
XII, this vol., p. 154). 

Schonhofer (Z. physiol. Chem., 1942, 274 , 1) has reported that 4-S-diethylamino-a-methyl- 
butylamino-6-methoxyquinoline possesses antimalarial properties, and other work carried 
out in these laboratories (to be published) had shown that 4-dialkylaminoalkylaminoquinolines 
in general possessed such properties. It therefore seemed conceivable that the activity of 
quinolines of type (I) might be due to their being 4-dialkylaminoalkylaminoquinolines carrying 
a grouping in the 2-position which made no direct contribution to the antimalarial activity and 
at the same time was not markedly deactivating. This possibility was further illustrated by the 
antimalarial results obtained with some of the intermediates, containing a dialkylaminoalkyl- 
amino-group in the 4-position, used in the synthetic work described in this paper. Thus whereas 
4-y-diethylaminopropylamino-2-hydroxy- and 2-chloro-4-y-diethylaminopropylamino-quinoline 
were without activity at high doses, 2’-amino-4:~^'’diethylaminoethylaminoquinoline and the 
corresponding y-^diethylaminopropylamino-^mydLiive (VI ; R = NHj, R' = NH*[CH 2 ] 3 *NEt 2 ) 
(see later) showed considerable antimalarial activity. In this connection the work of Gilman 
and Spatz (Iowa StaU College J. Set., 1942, 17 , 129; /. Amer. Chem. Soc., 1944, 66 . 621), 
knowledge of which only reached us when our own worfe was largely completed, is perhaps 
relevant. They have reported activity in certain 4-dialkylaminoalkylamino-2-arylquinolin^ 
prepared as open chain models '' of mepacrine, but do not provide any substantial proof th5t 
the activity of the compounds is in fact due to their relationship to mepacrine. They can 
equally well be regarded simply as modified 4-diaIkylaminoalkylaminoquinohnes. 
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This point was examined further in respect of our own compounds by observing the etEect on 
antimalarial activity of introducing substi^ents into type (I) with and without the presence of 
the 2-aryIamino-group. Compounds of the latter type are described in GiP. 683692 and E.P. 
481874« and we were ourselves at the time collecting information on such compounds. For this 
purpose we prepared 2-p-chloroanilino-4-y‘diethylaminopropylamino-7 : 7-cA/oro*2-p- 

chloroanilino^^-diethylaminoprafylamino-^ and ^-p^ckloroanilino-^-y^diethylaminopropylamino- 
S-methyl-quinoline. 2 : ii-Dichloro-1 : ^-benzoquinoline did not react with ^-chloroaniline in 
acetic acid solution on the steam-bath, but from the product obtained by heating the two 
reactants together in 2-ethoxyethanol at 160®, 4t-chloro-2^p’‘Chlofoanilino-l : B-bemoquinoUne, 
was obtained, in rather poor yield, and condensed with y-diethylaminopropylamine. Methyl 
4-chloroanthranilate was condensed with ethyl malonate in the presence of sodium methoxide 
and the product hydrolysed and decarboxylated to give 7-chloro-2 : 4-dihydroxyquinoline which 
was successively condensed with y-diethylaminopropylamine and treated with phosphoryl 
chloride to yield 2 : l^dichloro-i-y-diethylaminopropylaminoquinoline ; this reacted with 
/>-chloroaniline to give l-chloro-2’‘P‘Chloroanilino-4fy-diethylaminopropylaminoquinoline, In 
attempting to prepare compounds of t3rpe (I) containing an additional 3-methyl or 3-ethyl 
substituent, dif&culties were encountered which were probably due to steric hindrance. Both 
2 : 4-dihydroxy-3-methyl- and -3-ethyl-quinoline condensed with y-diethylaminopropylatnine to 
give the expected 4-y-diethylaminopropylamino-2-hydroxy-derivatives which when treated with 
phosphoryl chloride gave respectively 2-chloro-4t-y»diethylaminopY<ypylaminO’^2-metkyh and 
-Z-ethyl-quinoline ; but whereas the former on heating with ^-chloroaniline gave a product from 
which the desired 2-p-chloroanilino~4i-‘y-diethylaminopropylamino-Z-meihylquinoline could be 
isolated, the latter gaye an intractable mixture. Further, both 2 : 4-dichloro-3-methyl- and 
•B-ethyUquinoline condensed with p-chloroaniline in acetic acid solution at 100° to give 
respectively ii-chloro^2-p-‘ChlofoanilinO‘2-methyU and -Z-ethyl-qumoline, but, although the former 
condensed slowly with y-diethylaminopropylamine at 190 — 200°, the latter hardly reacted with 
this amine or with p-diethylaminoethylamine at this temperature and at higher temperatures 
(up to 260° in sealed tubes) gave intractable products. 

The antimalarial activities obtained with these compounds (see Table I) did not support the 
view that they functioned simply as modified 4-dialkylaminoalkylaminoquinolines, and the 
possibility, mentioned earlier, that they might then be related biologically to the pyrimidines of 
type (III) was re-examined. 

In a previous paper in this series (Curd and Rose, 1946, 362) it was shown that 
the antimalarial activity of compounds of type (III) was retained arid in certain instances 
enhanced if the arylamino- was replaced by an arylguanidino-group to give type (IX). A 
similar modification was accordingly made in the quinolines of type (I) utilising a synthetic 
method originally worked out as an alternative procedure for the synthesis of compounds of 
type (IX) and related compounds, which we shall report in detail later. A 2-chloro- 4-dialky 1- 
aminoalkylaminoquinoline was treated with ammonia in hot phenol to give the corresponding 
2-amino-4-dialkylaminoalkylaminoquinoline (VI ; R = NHg, R' = dialkylaminoalkylamino) 
which was then condensed with p-chlorophenyl w<7thiocyanate. The 2-p-chlorophenylthioureido- 
compound (X) thus obtained was desulphurised in the presence of alcoholic ammonia by means of 
mercuric oxide to give the 2-^-chlorophenylguanidino-derivative (XI). B-p-^Chlorophenylguan- 
idino-i‘P-dieihylaminoethylamino- and -iry^diethylaminopropylatnino^quinoline were prepared in 
this way, but both failed to show antimalarial activity at tolerated doses. The corresponding 
thioureido-compounds of type (X) were likewise without demonstrable activity. 

Attempts to prepare compounds of type (XI) by condensation of the appropriate 
2-chloro-4-dialkylaminoalkylaminoquinoline with />-chlorophenylguanidine were unsuccessful. 
The chloroquinoline was recovered unchanged from trial condensations at temperatures at 
which ammonia was copiously evolved by breakdown of the guanidine. 

Reviewing the results obtained with these compounds it is not possible to draw any very 
definite conclusion concerning the chemotherapeutic relationship of the quinolines of types (I) 
and (II) with the pyrimidines of types (III) and (IV) respectively. So far, we have considered 
this relationship only from the point of view of the chemical hypotheses followed in developing 
the discovery of antimalarial activity in the pyrimidine of types (III) and (IV). In earlier 
papers, however, we have discussed the possibility that antiplasmodiaJ activity of these latter 
types may be associated with a growth antagonism arising from their formal structural similarity 
to the riboflavin molecule. Examination of the formulae of (I) and (II) on this basis shows the 
former to bear the closer structural resemblance to the growth factor. This holds whether the 
pyrimidine ring of (I) is considered to correspond to the pyrimidine ring or to the benzene ring of ^ 
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The activities are tfie results of tests 
way as in Part I (/., 1946, 343). 


Table I. 

Antimalarial activities, 

:ainst P, gallinaceum in chicks and are expressed in the same 


The full biological results will be published elsewhere. 


Ref. No. Substance. 

3627 4-/>-Chloroanilino-2-j8-diethylaminoethylaminoquinoline dihydriodide 

3628 2-j;>-Chloroanilino-4-j8-diethylaminoethylaminoquinoline dihydriodide 

4006 2-^-Chloroanilino-4-j3-diethylaminoethylaminoquinoline dihydrochloride 

4011 2-/>-Chloroanilino-4-y-diethylaminopropylaminoquinoline dihydro- 
chloride 

4321 2-/>- Anisidino-4-)5-diethylaminoethylaminoquinoline dihydriodide 

4322 2-^-Toluidino-4-)5-diethylaminoethylaminoquino]ine 

4323 2-/5-Naphthylamino-4-)5-diethylaminoethylaminoquinoline dihydriodide 

4324 2-/>-Chloroanilino-4-y-diethylaminopropylainino-7 : 8-benzoquinoline 

dihydrochloride 

4342 2-/>-Chloroanilino-4-y-dimethylaminopropylaminoquinoline dihydro- 
chloride 

4386 2-/>-Chloroanilino-4-y-piperidinopropylaminoquinoline dihydrochloride 
chloride 

4612 2-/>-Nitroanilino-4-y-diethylaminopropylaminoquinoline dihydrochloride 
4623 7-Chloro-2-/>-chloroanilino-4-y-diethylaminopropylaminoquinoline 

4627 4-^-Chloroanilino-2-y-di-»-butylaminopropylaminoquinoline dihydr- 
iodide 

4666 2-^-Chloroanilino-4-8-diethylaminobutylaminoquinoline dihydro- 
chloride 

492 1 2- (6'-Bromo-^-naphthylamino) -2-y-diethylaminopropy laminoquinoline 

5092 2-j^-Chloroanilino-4-y-diethylaminopropylainino-3-methylquinoline 

6129 2-/>-Chloroanilino-4-S-diethylamino-a-methylbutylaminoquinoline 

5226 2-/)-Chlorophenylthioureido-4-y-diethylaminopropylaminoquinoline 

6276 2-/)-Chlorophenylguanidino-4-y-diethylaminopropylaminoquinoline 

5463 2-;^-Chlorophenylthioureido-4-j3-diethylaminoethylaminoquinoline 

5477 2-/)-Chlorophenylguanidino-4-)S-diethylaminoethylaminoquinoline 

3738 4-y-Diethylaminopropylamino-2-hydroxyquinoline 
6099 2-Chloro-4-y-diethylaminopropylaminoquinoline 
6123 2-Amino-4-y-diethylaminopropylaminoquinoIine 

6634 2-Amino-4-]3-diethylaminoethylaininoquinoline 


the 6 : 7-dimethyl grouping in riboflavin, and examples of such a biological equivalence are 
provided among the polycyclic carcinogenic substances). This view affords some explanation of 
the variations in biological activity which occur on further substitution or modification of type 
(I). For instance, while type (IX) retains the property of being able to function as a riboflavin 
antagonist, the conversion of type (I) into type (XI) probably increases the total dimensions of 
the molecule to such an extent that a relationship with riboflavin is no longer discernible. 

Experimental. 

o f^^P^^^^y^*^^^Pp^^yletmino-2-hydroxyquinoUne (VI; R = OH, R' = NH*[CH2]a’NEt2). — 
^ (32*2 g., 1 mol.) and y-diethylaminopropylamine (62 g., 2 mols.) were heated 

under reflux by means of an oS-bath at 170 — 180® for 18 hours. The cooled mixture was lixiviated 


Dose 

(mg./kg.). 

Activity. 
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with water, and the product collected and washed with water. It ^ contend as an oil 

acid and the filtered extract made alkaline with ammonia to «preapitate tte as an 

rapidly solidified (yield, fl8%). It formed colourless needles froln P'l ^^JJf 

^und : C, 70-9 ; &. 8 6 ; C 15-8. C„H.,ON, requires C. 70-3 ; H. 8-4: N, 16-4%). It is insoluble in 

flltlffltllft r / * 

dk-’ p-Diethylaminoethylamino-^-hydroxyquinoUne (VI; R = OH, R' =» KH’[CHj 2 *NEt|)s — 
2 : 4-Dihydroxyquinolme (80 g.) and j5-diethylaminoethylamine (84 g., 1'46 mols.) were heated under 
reflux with stirring at 170 — 180® for 27 hours. After cooling, the mixture was extracted with dilute 
acetic add and filtered from insoluble material (unchanged 2 : 4-dihydroxyquinoline, 32*6 g.). The 
acetic add extract was made gdkaline with ammonia which precipitated the product as an oil. This 
gradually solidified (yield, 66-8 g.), and subsequent purification by crystallisation from aqueous acetone 
gave 4rP-diefhylaminoethylamino-2-hydroxyquinoHne, m. p. 61 — 63® (Found : C, 61’1; H, 8*4 ; N, 18*8. 


Ci5HjiON 3,2H20 requires C, 61‘0; H, 8-6; N, 14-2<_, 

2 - Chlofo - 4 - y * diethylaminopropylaminoquinoHne (VI ; R ®= Cl, R' *= NH*[CH 2 ]a*NEtj). — 
4-y-X>iethylaminopropylamino-2-hydroxyquinoline (134 g.) and phosphoryl chloride (268 c.c.) were 
boiled under reflux for 20 hours and the solution cooled and poured on ice. The oil liberated on 
basification with 40% potassium hydroxide solution was extracted with ether and the ethereal extract 
filtered, dried (Na 2 S 04 ), and evaporated. The residual cWofo-compound, purified by vacuum distillation, 
had b. p. 193 — 194®/0*2 mm., 180 — 182®/0*08 mm., and crystallised on standing (yield, 68%). It then 
separated from light petroleum (b. p. 40 — 80°) as colourless prisms, m. p. 51 — 52® (Found : C, 66*0 ; 
H, 7-4; N, 14-4; Cl, 12-1. CieHgjNaCl requires C, 66*9; H, 7-56; N, 14-4; Cl, 12-2%). Thedipicrate 
crystallised from 2-ethoxyethanol in fine yellow needles, m. p. 193—194® (Found : N, 16*5; Cl, 4’8. 
Ci*H 2 *N 8 Cl, 2 CeH 30 ,N 8 requires N, 16-8; Cl, 4-75%), 

4:-y-DiethylaminopropylaminoquinoUne (VI; R « H, R' = NH*[CHa] 8 *NEt 2 ). — (a) 2*'Chloro-4-y- 
diethylaminopropylaminoquinoline in alcohol solution was shaken with hydrogen, Raney nickel, and 
potassium hydroxide (1 mol.), absorption of hydrogen ceasing when 1 mol. of hydrogen had been taken 
up. After filtration and evaporation to dryness the residue was treated with water and sodium hydroxide, 
and extracted with chloroform. Evaporation of the dried (KaCOg) extract left an oil, purified by vacuum 
distillation, b. p, 171— 1,72®/0-16 mm. (yield, 65%) (Found: N. 15-8. CieHggNg requires N, 16-3%), 
which crystallised on adding water to form a hydrate, m. p. 67° not depressed by an authentic specimen 
prepared according to method (6) (Found : C, 69-6 ; H, 8-6. CigHggNg.HgO requires C, 69*8 ; H, 9-1%). 

(6) 4-Chloroquinoline (1*95 g.), y-diethylaminopropylamine (3 c.c.), and potassium iodide (0-05 g.) 
were stirred and heated at 180° for 8 hours. The resulting mixture after being cooled was extracted with 
10% acetic acid containing sodium acetate (0*6 g.), and the extract treated with decolorising carbon, 
filtered, and made alkaline with sodium hydroxide. The product, isolated with ether, had b. p. 
173 — 174°/0*15 mm. and gave the hydrate, m. p. 56°. It gave a dipicrate which crystallised from 
2-ethoxyethanol~alcohol as pale yellow needles, m. p. 180 — 182® (Found: C, 47-2; H, 4-1; N, 18*0. 
CieH2gNs,2CoH80,N3 requires C, 47-0; H, 4-1; N, 17-6%). 

2-'ChlorO‘i-p~diethylaminoethylaminoquinoUne (VI; R = Cl, R' =* NH‘[CHj 2 *NEt 2 ). — Prepared by 
careful addition of phosphoryl chloride to the dihydrate of the corresponding hydroxy-compound, 
followed by boiling for 18 hours and working up in the manner described for the corresponding 
y-diethylaminopropylamino-derivative, this was obtained as a faintly yellow viscous oil, b. p. 
183 — 184®/0-07 mm., which crystallised on addition of water to give the hydrate (yield, 36*6 g.) which 
crystallised from light petroleum (b. p, 60 — 80®) in colourless plates, m. p. 80 — 82® (Found : C, 60*9 ; 
H, 7*2; Cl, 11*6. Ci5H2oN8Cl.H,0 requires C, 60*9; H. 7-45; Cl, 12-0%). 

^’AniUno-2-hydroxyquinoline (VII; R « H, R' = OH). — 2 : 4-Dihydroxyquinoline (8*05 g.), 
aniline (23*3 g., 5 mols.), and aniline hydrochloride (6*5 g., 1 mol.) were stirred and heated at 180 — 190® 
for 12 hours. After removal of excess of aniline by steam distillation, the crystalline residue was collected 
and extracted with hot dilute sodium hydroxide and then washed, first with water, and then with hot 
methanol to remove a violet-coloured impurity. 4-Anilino-2-hydroxyquinoline remained as slightly 
blnish-grey prisms, m. p. 319 — 321° unchanged on crystallisation from 2-ethoxyethanol (v. Niementowski, 
loc. cit,, gives m. p. 318®; Dziewofiski and Dymek, he, cit., give m. p. 316®) (Found : N, 12‘'1. Calc, for 
CigH„ON2: N, 11.9<%). 

The same product was obtained in 87% yield by using boric acid in place of anfline hydrochloride and 
heating for 40 hours, but without an acid catalyst no product was formed. 

4r’p’Chloroanilino-2-hydroxyquinoline (VII; R Cl, R' ~ OH). — 2 : 4-Dihydroxyquinoline (40*25 
g.), /)-chloroaniline (160 g.), and ^>-chloroaniline hydrochloride (41*0 g.) were heated with stirring for 4 
hours at 180 — 190°. While still warm, the mixture was stirred with warm methanol (150 c.c.), and the 
residue filtered off and washed with meth^ol until free from blue colour, to leave a colourless crystalline 
product. This wals ground with hot water and then with dilute sodium hydroxide, filtered, washed with 
water, and dried (yield, 89%). It formed colourless crystals from 2-ethox3rethanol, m. p. 296 — ^298° 
(Found: N, 10*6; 0,13*8. CigHijONjCl requires N, 10*36; Cl, 13*1%). 

2-ChlorO’i-anilinoauinoUne (VII ; R « H, R' « Q). — 4-Amlino-2-hydroxyquinoline (10*6 g.) and 
phosphoryl chloride (26,,c.c^ were heated at 110 — 120® for hours and the solution was then evaporated 
under reduced pressure 60 — 60°. The remaining greenish-yellow solid was ground under alcohol, and 
the mixture made alkaline with ammonia, diluted with water, filtered, washed, and dried. The 
chloro-compound (yield, 98%) had m. p. 162—164° unchanged after crystallisation from methanol from 
which it separated as tbick colourless prisms (Found : N, 11*4; Q, 13*9. Calc, for Ci*HxiN 2 Cl : N, 
11*0 ; Q, 13*9%). V. Niementowski {he, cit.) gives m. p. 166°. 

When the chloro-compound (1*28 g.) in alcohol (50 t.c.) was shaken with hyfirogen in presence of 
Raney nickel and potassium hydroxide (0*3 g.), absorption of 1 mol. of hydrogen took place fairly rapidly. 
The mixture was then filtered and the solvent evaporated. Digestion of the solid residue with water 
gave a product which after crystallisation from methanol had m. p. 196 — 198® undepressed by an 
auihentio specimen prepared from 4-chloroquinoIine and aniline (Found: C, 81*6; H, 6*2; N, 12*8. 
Calc, for C^HaN, : C. 81*8; H, 5*6; N. 12^%). 




%Chioro*^p-chloromiUnoquinoline (VII; R = R' «= Cl), prepared in theoretical yield from 
4-^-chloroaiuliiio-2-hydroxyquinoliiie (68 g.) and phosphoryl chloride (160 c.c.) followed by working up 
in the manner described above for (VII; R = H, R' =r Q), had m. p. 174 — 176® unchanged by 
crystaJUsation from alcohol (Found ; N, 9*4. requires N, 9*7%). 

4 k-i^ChlwoaniUno^%<-p-diethylaminoethylaminoquinoline (Ilf R = Cl, R' = [CKJa^NEtj). — 
2-Chloro-4-^-chloroanilinoj^inoline (14*6 g.) and j8-diethylaminoethylamine (9*0 g.) were heated at 
130-— 140° for 14 hours. The mixture was dissolved in warm dilute hydrochloric acid, and the solution 
made alkaline with sodium hydroxide and extracted with chloroform. The extract was shaken with 6% 
acetic acid, the acetic acid extract made alkaline, and the product again extracted with chloroform. 
After drying (KjCOg), evaporation of the solvent left the base as an uncrystallisable oil which gave a 
gelatinous hydrochloride but a crystalline dihydriodide by evaporation of an alcoholic hydriodic acid 
solution of the base. This salt crystallised from alcohol in stout colourless prisms, softening from 240° 
and decomposing at 248° (Found : C, 39*8; H, 3-9. C2iH25N4Cl,2HI requires C, 40*3 ; H, 4*3%) (3627), 
^’•p-Chloroamlino-2-y-di‘‘n-buiylaniinopropvlaminoquinoline (II; R = Cl, R' = [CHJg'NBu®^), — 
2-Chloro-4-^-chloroanilinoquinoline (9*36 g.), y-di-w-butylaminopropylamine (10 g.), and powdered 
potassium iodide (0*1 g.) were heated and stirred at 160 — 160° for 6 hours. The resulting mixture was 
treated with warm sodium hydroxide, cooled, and extracted with chloroform. The residue left after 
evaporation of the chloroform was extracted with 6% acetic acid (200 c.c.), decanted from a 
little undissolved oil, and extracted with ether. The aqueous layer was made alkaline and extracted 
with chloroform. After removal of the chloroform from the dried extract, excess of amine was removed 
by heating to 200° /0*1 mn^. and the residual base converted into its dihydriodide which was induced to 
crystallise by trituration with dilute alcohol and then recrystallised from methanol-ethyl acetate; 
m. p. 200—202° (Found : C, 45* 1; H, 6*7; 1 mg. ^ 0-76 mg. AgX. C 2 eH 36 N 4 Cl, 2 HI requires C, 46*0; 
H, 6*3; 1 mg. s 0*88 mg. AgX). 

^Chloro-2-afylaminoqmnolines (VIII; R' = Cl). — A mixture of 2 : 4>dichloroquinoline (0*1 g.-mol.), 
the appropriate arylamine (0*1 g.-mol.), and acetic acid (40 c.c.) was stirred and heated on the steam-bath 
for times varying from } hour to 2 hours. In some exjperiments (procedure a) fused sodium acetate was 
then added to neutralise the liberated hydrochloric acid and the mixture poured into water. In others 
(procedure b) the mixture was diluted with water to precipitate the hydrochloride which was then 
collected and boiled with methanoUc ammonia followed by dilution with water. In either case, the 
precipitated base was collected when solid, dried, and crystallised to constant m. p. Table II gives 
details of the compounds prepared. 

Table II. 

4:-Chloro-2-arylaminoquinolines (VIII; R' = Cl) 

Analysis. 

Found Reqd. or calc. 

Pro- Yield (%)* (%)• 


R. 

cedure. 

(%). 

Formula. 

M. p. 

Solvent. 

N. 

Cl. 

N. 

Cl. 

H 

a 

53 


162—16.3°* 

alcohol 

10*6 

14*6 

11*0 

13*95 

Cl 

b 

50 

CisHioN^CIa 

135—136 

(rhombic 

prisms) 

methanol 

9*7 

24*5 

9*7 

24*5 

MeO 

a 

43 

CieH^ONjCl 

140 

(needles) 

alcohol 

10*1 

12*0 

9*85 

12 *A 

Me 

a 

40 

CisHiaN^Cl 

115*5—116*5 

(needles) 

1 methanol 

10*8 

13*5 

10*4 

13*2 

NOg 

b 

43 

CifiHxoOjNaCl 

263—265 

(stout 

prisms) 

dioxan 

13 7 

12*0 

14*0 

11*85 

2-j3-Naphthyl- 

b 

34 

C13H13N2CI 

108—110 

(prisms) 
aq. methanol 

9*8 

11*7 

9*2 

11*65 

amino-deriv- 

ative 

2-(6'-Bromo-j3- 

b 

60 

CioHi.NXlBr 

152—154 

(needles and 
prisms) 
w-propanol 

7*8 

1 mg. sE 

7*3 

1 mg. s 

naphthyl- 
amino) -de- 
rivative 

♦ Dziewofiski and Dymek, Chem, Zenir., 

0*863 
mg. AgX 

1938, II. 1953, give m. p. 161 

0 

0*864 
mg. AgX 


Reductive Dehalogenaiion of ^Chloro-2-anilinoquinoline. — 4-Chloro-2-anilinoquinoline (1*28 g.) and 
potassium hydroxide (0*3 g.) in alcohol (50 c.c.) were shaken with hydrogen and Raney nickel. Absorption 
of hydrogen was rapid and ceased after the theoretical uptake had occurred. The solution was filtered 
from cat^yst and evaporated and water was added. The resulting oil soon solidified and was filtered off 
and dried. Crystallisation from dilute methanol and then from light petroleum (b. p. 60—80°) gave 
2-anilinoquinoline as glistening colourless plates, m. p. 102 — 103° (Found : C, 81*4; H, 6*3; N, 13*0. 
Calc, for CisHijN, : C, 81*8; H, 6*6; N, 12*7%). 

2-p-Chloroanilino-4r’ydiethylaminopfopylaminoquinoline (I; R = Cl, R' = [CHJg'NEtg). — (a) 
2-Chloro-4-y-diethylaminopropylaminoquinoline (8*1 g.), ;?5>-chloroaniline (10*66 g.), and powdered 
^tassium iodide f0*l g.) were heated at 200° for 6 hours with stirring. The mixture was dissolved in 
dilute hydrochloric acid and the filtered solution cooled and made alkaline with sodium hydroxide. 
The precipitated product was isolated with chloroform and partitioned between 6% acetic acid (100 c.c.) 
and ether. The aqueous layer was made alkaline with sodium hydroxide and the product again extracted 
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with chloroform. After drying (K^COg), removal of the chloroform left an oil which rapidly solidified 
and then crystallised from benzene-light petroleum and finally from benzene givii^ the base as colourless 
fine needles, m. p. 164*— 166® (Found: C, 69*2; H, 7«0; N, 14*9; Cl, 9*3. C„H„N4C1 requires C, 
69*0 ; H, 7*06 ; N, 14*6 ; Cl, 9*36%). It was converted into the dihydrochloride by dissolving in alcohol, 
adding hydrochloric acid until the solution was acid to Congo-red, evaporating to dryness under reduced 
pressiire at 60 — 60®, and then evaporating with benzene-alcohol to remove the last traces of hydrochloric 
acid. The solid residue then crystallised from alcohol-ethyl acetate in colourless fine needles, which 
were hydrated and decomposed above 110® (Found; C, 64*0; H, 6*7; N, 11*4; Cl', 16*0. 
CjjHj 7N4C1,2HC1.2H20 requires C, 63*7; H, 6*7; N, 11-4; Cl', 14*6%). This salt is readily soluble in 
water. 

(6) 2-Chloro-4-y-diethylaminopropylaminoquinoline (6*16 g.), ^-chloroaniline (2*26 g.), water (20 
c.c.), ethanol (6 c.c.), and lON-hydrochloric acid (1*7 c.c.) were refluxed together for 48 hours. After 
cooling and addition of sodium acetate, a little unreacted ^-chloroaniline was removed by ether extraction. 
Basification of the aqueous layer precipitated a solid which was filtered off, dried, and crystallised from 
benzene giving the same product as in (a), m. p. and mixed m. p. 166 — 166® (yield, 4*3 g.). 

(c) 4-Chloro-2-^-chloroanilinoquinoline (20 g.), y-diethylaminopropylamine (18*0 g.), and powdered 
potassium iodide (0*3 g.) were heated with stirring in an oil-bath at 180 — 190® for 16 hours. A solution of 
the mixture in warm dilute hydrochloric acid was made alkaline with sodium hydroxide and extracted 
with chloroform. The solvent was removed, the residue digested with warm 60% acetic acid (260 c.c.), 
and the filtered solution basified and extracted with chloroform. After drying (KjCOg) and removal of 
the chloroform an oil was obtained which quickly solidified and was then crystallised from benzene 
(yield, 17*6 g.) ; it had m. p. 163—165®, and was identical with the compound made by methods (a) and (6) 
(Found: C, 68*6; H, 7*1%). 

Using method (c) a number of other 2-arylamino-4-dialkylaminoalkylaminoquinolines were prepared. 
Details are given in Table III. 

2 : 4trDichloro-l : S-benzoquinoHne. — 2 : 4-Dihydroxy-7 : 8-benzoquinoline (78 g.) (prepared from 
a-naphthylamine and ethyl malonate, cf. E.P. 332911 and Baumgarten and K6rgel, Ber., 1927, 60, 832) 
and phosphoryl chloride (200 c.c.) were heated at 90 — 100® for J hour during which time hydrogen 
chlonde was copiously evolved. The temperature was then raised to 120 — 126® and maintained for 
3i hours. The resulting clear solution was cooled and added to crushed ice with stirring. The 
precipitated product was filtered off, washed free from acid, dried, and refluxed with acetone (1 1.). 
After filtration from insoluble matter, the acetone was distilled off and the residue crystallised from 
ethyl acetate (3nleld, 48*6 g.). 2 : 4rDichloro-l : S-benzoquinoline formed long colourless needles from 

acetone, m. p. 134 — 135° (Found : C, 63*0; H, 3*6; Q, 28*3. C13H7NCI2 requires C, 62*9; H, 2*8; Cl, 
28*6%). 

4 - Chloro - 2 - p - chloroanilino -7:8- benzoquinoHne, — 2 : 4 - Dichloro -7:8- benzoquinoline (24*8 g.), 
/)-chloroaniline (12*7 g.), ^-chloroaniline hydrochloride (0*1 g.), and 2-ethoxyethanol (30 c.c.) were 
heated in an oil-bath at 160® for 3*6 hours. The mixture was then cooled and diluted with water, and the 
precipitated product filtered off and dissolved in boiling alcohol (360 c.c.) with the addition of sufficient 
ammonia to give an alkaline reaction. The resulting solution was treated with an equal volume of 
water. The product, when solid, was collected, dried, and crystallised first from benzene and then from 
butanol (yield, 40%) giving needles, m. p. 160 — 162® (Found : Cl, 20*4. CjjHxjNaClji requires Cl, 20*4%). 

2’‘'p-Chloroanihno-4t~Y^diethylaminopropylamino-l : ^-benzoquinoline, — The preceding chloro-compound 
(17*6 g.), y-diethylaminopropylamine (13*6 g.), and powdered potassium iodide (0*3 g.) were heated at 
176 — ^186° with stirring for 24 hours. Worked up in the usual way for this type of compound the base 
was obtained as a glass which could not be induced to crystallise. It was therefore dissolved in hot 
acetone (100 c.c.), and hydrochloric acid added until the solution showed acidity to Congo-red. On 
cooling, the dihydrochloride crystallised out as a hydrate and was recrystallised from acetone-water, 
m. p. 108—110® (Found: C, 66*3; H, 6*4; N, 100; Cl', 13-6. C*,H„N4Cl,2HCl,3HaO requires C, 
66*8; H, 6*3; N, 10 0; Cl', 12*7%). 

*l-Chloro-2 : 4-dihydroxy quinoline.* — This was prepared by a modification of a method for 
2 : 4-dihydroxyquinoline described by Koller {Ber., 1927, 60, 1108). Methyl 4-chloroanthranilate (100 
g.) (Hunn, /. Atner. Chem. Soc., 1923, 45, 1028), ethyl malonate (86*2 g.), and sodium methoxide (29 g.) 
were mixed in a flask fitted with a condenser arranged for distillation. After the mixture had been 
stirred at 70® until homogeneous (ca. 1 hour), the temperature was raised slowly to 140—160® and then 
maintained for 6 hours. Alcohol distilled and the mixture thickened, eventually becoming quite solid. 
After cooling, the mixture was repeatedly extracted with cold dilute sodium hydroxide and the extracts 
were acidified to precipitate what was probably methyl 7-chloro-2 : 4-dihydroxyquinoline-3-carboxylate 
(89 g.). This ester (36 g.) was hydrolysed and decarboxylated by heating on the steam-bath overnight 
with sodium hydroxide (13 g. in 360 c.c. water) ; after being filtered from a little insoluble material the 
filtrate was acidified. The precipitate was collected, washed, and boiled with dilute sodium carbonate 
solution, and the solution cooled, filtered, and acidified. 7-Chloro-2 : 4-dihydroxyquinoUne was 
precipitated as an almost colourless powder, m. p. 332 — 340® (decomp.) (Found : N, 6*7 ; Cl, 18*6. 
Calc, for CgHjO-NCl : N, 7*2 ; Cl, 18*2%). This substance has been prepared very recently by another 
modification of KoUer's method by Lutz et al. (/. Amer, Chem. Soc., 1946, 68, 1286). 

^-Chloro-4-y-diethylaminopropylamino-2-hy dr oxy quinoline.* — 7-Chloro-2 : 4-dihydroxyquinoline (30 g.) 
and y-diethylaminopropylamine (41*2 g.) were heated at 170 — 180° for 20 hours and then worked up as 
described for 4-y-diethylaminopropylamino-2-hydroxyq,uinoline to give the compound as practically 
Golburless needles, m. p. 228—229® (Found ; C, 62*2; H, 6*9; N, 13*9; Cl, 12*0. CjeHjgONjQ requires 
C, 62*4; H, 7*1; N, 13*7; Cl, 11*65%). • -1 

2 : l-Dichloro-4-y-diethylaminopropylaminoquinoline.* — ^The above hydroxy-compound (12 g.) and 
phosphoryl chloride (24 c.c.) were heated by means of an oil-bath at 130 — 140® for 16 hours followed by 
working up in the usual way for this type of compound to give the product, m. p. 82—87®, characterised as 

* Experiments by Mrs. J. M. Wilson. 
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^ For biological test the picrate was dissolved in pyridine, the solution added to aqueous sodium hydroxide, and the base extracted with ether which was then 
thoroughly washed with sodium hydroxide and water, dried, and evaporated, giving the base as an oil. This was made soluble with lactic acid. 
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its dipicrate which crystallised from aqueous 2-ethoxyethaiioI and had m. p. 194 — 195® (Found : N, 
15-8; Cl, 9*5. Ci6H2iN3Cl8,2CeH807N, requires N, 16*1 ; Cl, 9*1%). 

^•'Chloro^2'-p-chioroaniHno-4ry-diethytatmnopropylaminoquinoUne .* — 2 : 7-Dichloro-4-y“diethylamino- 
propylaminoqumoline (8-96 g.), />-chloroaniline (10*6 g.), and potassium iodide (0*1 g.) were heated 
for 8 hours at 200°. The mixture was treated with hot dilute hydrochloric acid, made alkaline with 
sodium hydroxide, and steam distilled to remove unchanged p-chloroaniline. The residual oil was 
separated and dissolved in 5% acetic acid, and the solution extracted with ether. Basihcation followed 
by isolation witli chloroform then gave the product which crystallised from benzene-light petroleum as 
colourless laminae, m. p. 144 — 146° (Found ; C, 63*0; H, 6*1; N, 13*7; Cl, 17*1. C 2 aH 28 N 4 Clg requires 
C, 63*3; H, 6*2; N, 13*4; Cl, 17*1%). 

2 : ^Dihydroxy-^-methylquinoline . — Aniline (46*5 g.) and ethyl methylmalonate (87 g,), contained in a 
flask fitted with a long condenser allowing only the liberated alcohol to escape, were heated at 236 — 240° 
for i hour, then at 290 — 300° for 1 J hours, and finally raised to 340° during J hour. The cooled mass was 
boiled with acetone (100 c.c.) for 10 hours and the insoluble material filtered ofl after cooling. It was 
then boiled with sodium carbonate solution (700 c.c. of 10%) for 10 minutes and cooled, and the solution 
was filtered and the product precipitated with hydrochloric acid (yield, 53%). Crystallised from 

2- ethoxyethanol and then from butanol it formed almost colourless prism§, m. p. 266 — 268° (decomp.) 
(Found : C, 68*3 ; H, 4*9 ; N, 8*4. Calc, for CioH^OgN : C, 68*6 ; H, 5*1 ; N, 8*0%) (Gabriel and Gerhard, 
Ber„ 1921, 54, 1067, give m. p. >270°). 

2 : 4:-Dichloro^'3i~methylquinoline , — 2 : 4-Dihydroxy-3'methylquinoline (25 g.) and phosphoryl chloride 
(76 c.c.) were heated at 100 — 110° for J hour and then at 120 — 125° for 5 hours. The mixture was then 
cooled and poured on ice. The precipitated product was filtered off, washed free from acid with water, 
dried (yield, 29*7 g.), and crystallised from 80% alcohol, m. p. 90 — 91° (Found : Cl, 33*1, Calc, for 
CxoH^NClg : Cl, 33*6%) (Gabriel and Gerhard, loc. cit., give m. p. 83 — 84°). 

4k-y‘-Diethylafninopropylamino-2-hydroxy’^‘-methyIquinoline . — 2 : 4-Dihydroxy-3-methylquinoline (20 
g.) and y-diethylaminopropylamine (30 g.) were heated at 180 — 190° for 22*5 hours and the mixture was 
cooled and poured into water. The proanct, precipitated as an oil, soon solidified. It was collected, 
dissolved in 6% acetic acid, precipitated with ammonia, and dried at 60° (yield, 47*6%). It crystallised 
from aqueous alcohol as pale yellow stout prisms, m. p. 105 — 106° (Found : N, 14*7. Ci7H250N3 

requires N, 14*6%). 

4-y-Diethylaminopropylamino-2-hydroxy-Z~ethylqumoline, prepared in exactly the same manner from 
2 : 4-dihydroxy-3-ethylquinoline (Baumgarten and Kargel, loc. cit.) and y-diethylaminopropylamine, 
crystallised from aqueous alcohol; m. p. 100 — 101° (Found : N, 14*2. CigHgvONg requires N, 14*0%). 

2-‘Chloro-4.-y’diethylaminopropylaminQ-Z''methylquinoline. — 4"y-Diethylaminopropylamino-2-bydroxy- 

3- methylquinoline (13*36 g.) and phosphoryl chloride (30 c.c.) were heated at 116 — 126° for 18 hours. 
Most of the excess of phosphoryl chloride was then removed under diminished pressure and the residue 
dissolved in water, made alkaline with potassium hydroxide, and extracted with ether. The dried 
ethereal extract was evaporated and the residual oil extracted with cold light petroleum (b. p. 40 — 60°) 
(100 c.c.), filtered, and evaporated. 2-Ch]oro-4-y-diethylammopropylamino-3-methylquinoline remained 
as an oil which could not be crystallised. It gave a dipicrate which crystallised from 2-ethoxyethanol~ 
alcohol as fine yellow needles of indefinite melting point {ca. 160°) (Found : N, 16*6 ; Cl, 4*7. 
Ci7H24NsCl,2CeH5,07N8 requires N, 16*5 ; Cl, 4*65%). 

^~Chloro-2-p-chloroanilino-Z~methylquinoline . — 2 : 4-Dichloro-3-methylquinoline (21*2 g.) and 
p-chloroaniline (12*76 g.) in acetic acid (40 c.c.) were heated on the steam-bath for 2 hours with stirring. 
Crystalline material was deposited during the reaction. This was collected after dilution with water, 
washed, and stirred overnight with methanol containing excess of ammonia. Water was then added, 
and the product collected, washed, and dried. This crude material was ground and extracted with cold 
dioxan leaving undissolved 2 : i^-di--p-chloroanilino~Z-methylquinoline (3*1 g.), m. p. 266 — 268° (Found : 
Cl, 18*0. C 22 Hi 7 N 3 Cl 2 requires Cl, 18*0%). The dioxan filtrate from this di-condensation product was 
diluted with water and the precipitated material, initially an oil which gradually solidifieci, filtered off 
and crystallised from alcohol, giving 4:-chloro-2-'p-chloroanilino-Z~methylqmnoline as colourless fine 
needles, m. p. 120—121° (Found : N, 9*3; Cl, 22*9. CigHigN^Clg requires N, 9*26; Cl, 23*4%) (yield, 
16*85 g.). 

2-p-ChloyoaniHno-^-y-dieihylaminopropylamino^Z-methylquinoHne. — (a) Crude 2-chloro-4-y-diethyl- 
aminopropylamino~3-metliylquinoline (9*66 g.), ^-chloroaniline (12*1 g.)* and potassium iodide (0*1 g.) 
were heated at 200° for 12 hours. The mass was dissolved in alcohol, and the solution made alkaline 
with sodium hydroxide and steam distilled. The residual oil was isolated with chloroform and shaken 
with 5% acetic acid (150 c.c.) and ether. The aqueous layer was separated and re-extracted with ether, 
and then made alkaline with sodium hydroxide and extracted with chloroform. Evaporation of the 
dried (KgCOa) extract left the base as an oil which could not be induced to ciystallise. The picrate and 
hydrochloride likewise failed to crystallise* A solution of the base in dilute hydrochloric acid on 
treatment with perchloric acid gave the perchlorate which crystallised -from alcohol in rosettes of 
colourless needles, m. p. 216 — 218° (Found : C, 46*1; H, 4*9; N, 9*7. GgaH29NXl,2HC104 requires C, 
46*2; H, 6*2; N, 9*4%). 

(5) 4-Chloro-2-^-chloroanilino-3-methylquinoline (10 g.), y-diethylaminopropylamine (8*6 g.). and 
potassium iodide (0*16 g.) were heated under reflux in an oil-bath at 190 — 200° for 22 hours. When cool, 
the semi-solid mass was treated with aqueous sodium hydroxide and extracted with chloroform. After 
evaporation of the solvent the residue was stirred with 5% acetic acid (160 c.c.), filtered and extracted 
with ether. The acetic solution was then basified and exlracted with chloroform. Evaporation of the 
dried chloroform extract left an oily base contaminated with y-diethylaminopropylamine. This was 
removed by heating overnight at 120 — 130°/16 ram. and the residue dissolved in dilute hydrochloric acid 
and treated with perchloric acid to rive the same perchlorate as in (a), m. p. and mixed m. p. 215 — 217° 
(Found: C, 45*7; H, 5*2%). 

For biological testing the perchlorates from {a) and (6) were combined and treated with aqueous 
sodium hydroxide, and the liberated base was isolated with chloroform. 
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2-Chloro •^^y-diethvlaminopropylamino - Z-ethylguinoline, — 4-y-Diethylaininopropylaiiiino-2-hydroxy- 
S-ethylqtiinoline (16 g.) and phosphoryl chloride (35 c.c.) were heated at 116 — 126® for 16 hours followed 
by working up as described for the corresponding 3-methyl compound to give the product as an oil which 
could not be crystallised. It gave a dipicyate which crystallised from 2-ethoxyethanol-alcohol as yellow 
plates, m. p. 144r— 146® (Found : N, 16-3; Cl, 4-6. requires N, 16-2; Cl, 4-6%). 

2 : 4r-Dtchloro-3-ethylquinoline , — 2 : 4-r)ihydroxy-3-ethylquinoline (60 g.) and phosphoryl chloride 
(160 c.c.) were heated with stirring at 100 — 110® for J hour and then at 120—126° for 4 hours. The 
cooled mixture was poured on ice and after being stirred for several hours the product was extracted with 
ether. Evaporation of the washed and dried ethereal extract gave an oil which was purified by vacuum 
distillation, b. p. 182 — 184®/21 mm. (yield, 88%) (Found : Cl, 31*0. CnHgNCla requires Cl, 31*4%). 

4^Chloro-2‘p-chloroanilino-2-ethylquinoline . — 2 : 4-Dichloro-3-ethylquinoline (22*6 g.), jp-chloroaniline 
(12*76 g.), and acetic acid (40 c.c.) were heated on the steam-bath for 2 hours with stirring and then 
refluxed for 10 minutes. Wien cold, the mixture was diluted with water and made strongly acid to 
Congo-red with hydrochloric acid. TTie practically colourless crystalline powder thereby obtained was 
filtered off, washed with water, and heated on the steam-bath for 10 minutes with methanol (100 c.c.) 
and sufficient ammonia to give an alkaline reaction. Dilution with water gave a product which was 
filtered off, dried, and c^stallised from alcohol; it was obviously a mixture (18*4 g.). Crystallisation 
from dioxan (40 c.c.) gave fine needles of 2 : 4-dup-chloroanilino-3-ethylquinoline (3*6 g.), m. p. 224 — 226® 
(Found : Cl, 17*3. CgaHi^NsClj requires Cl, 17*4%), and dilution with water the required 
4t-chloro-2‘-^-chloyoanilino-2-ethylquinolin6 which crystallised from alcohol in stout prisms, m. p. 132 — 133° 
(Found : N, 9*0; Cl, 22*4. requires N, 8*8; Cl, 22*4%). 

2“Amino-4c-ydiethylaminopropylaminoquinoline (VI; R = NHg, R' == NH*[CH2]3*NEt2). — Ammonia 
was passed through a solution of 2-chloro-4-y-diethylaminopropylarainoquinoline (5*2 g.) in phenol (20 g.) 
at 170 — 180° for 18 hours. The cooled mixture w'as treated with aqueous sodium hydroxide and ether, 
and the ether layer washed thoroughly with dilute sodium hydroxide and then with water and dried 
(Na2S04). Removal of the solvent left a syrup which solidified on trituration with light petroleum 
(b. p. 60 — 80°). By crystallisation from benzene-light petroleum the amiwo-compound was obtained 
as colourless stout prisms, m. p. 126—126° (Found : N, 20*0. CieH24N4 requires N, 20-6%). 

2-p-ChlorophenyUhioureidO‘4:-y-diethylaminopropylaminoquinoline (X; R = [CHjJj'NEta). — 2-Amino- 
4-y-diethylaminopropylaminoquinoline (13*5 g.), p-chlorophenyl isothiocyanate (9*0 g.), and dry xylene 
(30 c.c.) were refluxed for 1 hour. On cooling, the clear solution deposited crystals which were filtered 
off, washed with benzene, and dried. Crystallisation from xylene gave pale yellow stout prisms (yield, 
72%), m. p. 188 — 189° (Found : N, 15*4; S, 6*9. Cj^HgaNsClS requires N, 15*9 ; S, 7*26%). 

2--p-Chlorophenylguantdino-4-y~diethylaminopropylaminoquinoline (XI; R = [CHjja'NEta). — The 
above thiourei do-compound (6*5 g.) was stirred with saturated alcoholic ammonia (100 c.c.) and mercuric 
oxide (7 g.) for 24 hours at 30 — 35° with the continuous passage of ammonia into the solution. After 
cooling, the mixture was filtered and the dried residue extracted with hot xylene from which the product 
separated on cooling (yield, 78%). It formed colourless needles from xylene, m. p. 208° (Found : C, 
65*3; H, 6*5; N, 19*8. C2aH2»NgCl requires C, 65*0; H, 6*8; N, 19*8%). 2-p-ChlorophenylguanidinO’ 

4. -y-dieihylaminopropylaminoquinoline is only very sparingly soluble in alcohol. 

2-Amino-4-p-diethylaminoethylaminoquinoUne (VI; R — NHg, R' == NH’fCHgla'NEtg. — Ammonia 
was passed for 22 hours into a solution of 2-chloro-4-jS-diethylaminoethylaminoquinoline (21*9 g.) in 
phenol (50 g.) at 170 — 180°. The mixture was cooled, treated with sodium hydroxide solution, and 
shaken with ether. The ether solution after being washed with sodium hydroxide and then with water 
was extracted with 5% acetic acid. Addition of ammonia to this extract to render it alkaline 
to Brilliant-yellow precipitated 4-P-diethylaminoethylamino-2-phenoxyquinoline (VI; R ==: OPh, 
R' NH'[CH2]2*NEt2) as an oil which rapidly solidified. After being collected and dried, it crystallised 
from cyc/ohexane in large irregular prisms, m. p. 104 — 105° (Found : N, 12*9. CjiHg^ONg requires N, 
12*5%). Addition of sodium hydroxide to the aqueous filtrate precipitated 2ramino-‘4~p-diethylamino- 
cthylaminoquinoline as an oil which gradually solidified (yield, 13 g.). After drying, it crystallised from 
ryc/ohexane with the addition of a little water as practically colourless laminae, m. p. 114 — 116° (Found : 
C,69*8; H,8*7; N, 21*8. C1SH22N4 requires C, 69*75; H,8*5; N,2i*76%). Under the above conditions 
of crystallisation it was sometimes obtained as a hydrate, m. p. 75 — 77° (Found : C, 63*2; H, 8*8 ; N, 
18*9. Ci 5H2,N4,1*5H,0 requires C, 63*2; H, 8*8; N, 19*6%). 

2-p-Chlorophenylthioureido-4’-p-diethylaininoethylaminoqmnoline (X* R = [CH2]2*NEt2), prepared by 
heating the above amino-compound (10 g.) with ^-chlorophenyl fsothiocyanate (6*6 g.) in boiling xylene 
(30 c.c.) for 1 hour, crystallised from benzene in colourless n^les, m. p. 181 — 182® (Found : N, 16*3; 

5, 7*2. CjaHjeNfiClS requires N, 16*4; S. 7*5%). 

2-p-Chlorophenylguanidino-4’-p-diethylaminoethylaminoquinoline (XI; R = [CH2]2*NEt2). — The 
preceding thiourea (6 g.) and mercuric oxide (6 g.) were added to saturated alcoholic ammonia (100 c.c.) 
at 0°. With stirring, the mixture was allowed to regaun room temperature, then warmed to 30 — 35® and 
ammonia passed in for 2 hours. After being stirred at this temperature for 19 hours the mixture was 
filtered and the insoluble residue dried and extracted with benzene to give the product as colourless 
needles, m. p. 202—203® (Found : N, 20*2. requires N. 20*6%). 

Imperial Chemical Industries Limited, 

Research Laboratories, Blackley, Manchester 9. 


[Received, September 26M, 1946.] 
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168. SynUietic AnlimalariaU. Part XVIII. S-DuUkyhmiiwaZkyl- 

aminodiphenylamines. 

By Frederick G. Mann and J. W. Geoffrey Porter. 

In order to determine whether the antimalarial activity of certain 2-amUno-4-dialkylamino- 
alkylaminop3n:imidine3 of type (I) was determined primarily by their general structure, the 
corresponding compounds in which the p 3 rrimidine nng has been replaced by a benzene ring, 
i.e., diphenylamines of type (II), have been synthesised. The similar benzene analogues of the 
active 2-amino-4-dialkylamino2ukylaminopyrimidlnes of type (III) have also been S 3 mthesised. 

All these benzene analogues proved to be devoid of antimalarial activity, however, and the 
activity of both the above t^^es of pyrimidine compound must therefore be intimately 
associated either with the pyrimidine ring itself or with the tautomerism which this ring aUpws. 

When this investigation was started, it was known that 2-^-chloroanilino-4>p-diethylamino- 
ethylamino-6-methylpyrimidine (I, R « H) showed marked antimalarial activity against 
avian malaria ; the corresponding p-methoxyanilino-compound showed lower activity, but the 
5 ; 6-dimethyl homologue (I, R = Me) an activity slightly greater than that of (I, R = H) 
(Curd and Rose, 1946, 343; Curd, Richardson, and Rose, ibid,, p. 378). Many other 
homologues, having similar 4-dialkylaminoalkylamino-substituents, also showed varying 
degrees of activity. 

Me Me Me 

NH,/ ^Me 

^"NH-CCHdj-NEt, ^H-[CHJ,-NEt, ^Ira-ECHJ.-NEt, 

(I.) (II.) (III.) 

It had been suggested (Curd, Davey, and Rose, Ann. Trop. Med. Parasit., 1945, 89, 157; 
Curd, Davis, and Rose, /., 1946, 351) that these various anilino-pyrimidines might owe their 
antimalarial activity to their interference with some essential metabolic process involving 
riboflavin, due to the structural similarity which not only exists between riboflavin and the 
pyrimidines themselves, but might also exist between riboflavin and the most probable 
degradation products of these pyrimidines, for example, the corresponding 4-hydroxy-pyrimidines 
which could be formed by hydrolytic removal of the alkylamino-group from the drug. It was 
shown later by Madinaveitia [Biochem. in the press) that the growth-inhibitory action of the 
above pyrimidines, as well as that of mepacrine and quinine, for Lactobacillus casei was actually 
antagonised by riboflavin. 

It became of interest therefore to prepare diphenylamine compounds of type (II), which 
differed from compounds of type (I) only in that the pyrimidine ring of the latter had now been 
replaced by a benzene ring. If antimalarial activity is due primarily to a general structural 
similarity between riboflavin and the drug, compounds of type (II) should have an activity of 
the same order as that of their analogues of :fype (I) ; if, however, it is due primarily to a 
structural similarity between riboflavin and the main degradation products of the drug, then 
compounds of t 3 ^e (II), by virtue of their greater stability, might well prove inactive. 

It should be noted, however, that a further factor enters here which might itself largely 
offset the result of any general structural similarity between the two classes of drugs. 
Pyrimidines of type (I) can clearly exist in severad tautomeric forms (formulated in Part VIII, 
/., 1946, 713), whereas in the benzene analogues of type (II) no such tautomerism can occur. 
It is noteworthy that a similar tautomerism can occur in mepacrine, and Schonhofer (Z. 
physiol. Chem.i 1942, 274, 1) has suggested that the antimalarial activity of mepacrine is closely 
associated with this tautomerism. 

It is clea^*, however, that even if this structural-similarity factor, is the underlying cause of 
the antimalarial activity of certain types of drug, it cannot apply to all types. For example, 
Hull, Loveli, Openshaw, Payman, and Todd (/., 1946, 367) have shown that 2-amino-4-p- 
diethylamihoethylamino-6 : 6-dimethylpyrimidine (HI), which does not show this structural 
similarity With riboflavin, has an activity of approximately the same value as that of (I, R *= Me) . 
It is significant that Madinaveitia (/oc. cii^ has found that the action of pyrimidines of type 
(III) is not antagonised by riboflavin. The additional object of the present investigation 
therefore was to prepare the benzene analogues of (HI), in order to determine whether in this 
class of drug also the pyrimidine ring, with its accompanying tautomerism, was essential for 
antimalarial activity. The synthesis of these simpler monocyclic compounds is conveniently 
described before that of the more complex diphenylamine derivatives. 
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Condensation of 6-nitro-3-amino-o-xylene (IV) with p-diethylaminoethyl chloride furnished 
the hydrochloride of B>‘nitro»Z-^-diethylaminoethylamino-0’-xylene (V). Catalytic reduction 
followed by basification then gave ^-amino-Z-^’diethylaminoethylaminO’O-xylene (VI). Many 


Me 



(IV.) 


Me 

NO,<^2^Me 

^NH-[CHj2-NEt* 

(V.) 


NOj,< 


Q 


Me 

^Me 


:CMe-[CH2],-NEt, 

(VII.) 


Me 


NH,<(^Me 

^■KH-ECHJg-NEtj 

(VI.) 


Me 

NH2<(^Me 

^ NH-CHMe-CCHJj-NEtj 
(VIII.) 


attempts were then made to condense the amine (IV) w'ith 3-bromo-a-diethylamino-w-pentane, 
CHMeBr'[CH 2 ] 3 'NEt 2 , in order ultimately to make (VIII), i.e., the analogue of (VI) containing 
the basic side chain of mepacrine. All such attempts failed, however, in spite of a variety of 
conditions employed. Ultimately success was achieved by utilising the method developed by 
Ashley and Grove (/., 1945, 7G8) for introducing this side chain into the aminopyridines. For 
this purpose, methyl 3-diethylamino-M-propyl ketone was converted into the diethyl ketal, 
CMe(OEt)a*[CH 2 ] 3 *NEt 2 , which was readily condensed with the amine (IV) to give the anil 
(VII). This compound on catalytic reduction furnished ^•Ltmino-Z-Z-diethylamino-cL-methyUn- 
hutylamino-o-xylene (VIII). 

For the preparation of the corresponding diphenylamines, 4-amino-o-xylene was acetylated 
and then nitrated to furnish 3-nitro-5-acetamido-o-xylene (IX) (cf. Crossley and Morrell, 
1911, 99, 2350), hydrolysis then giving 3-nitro-5-amino-o-xylene (X). This amine was 
subjected to an Ullmann condensation with />-chloroiodobenzene in the presence of copper, but 


Me 

NHAc<^\Me 
TTO, 
(IXO I 
Me 

NHj/^Me - 
(X.) 


Me 

Me 

> R*CeH4'N<(^^^Me 

— R-CaH4-N<;^^Me — 

Ac 

Ac NHj 

(XII.) 

(XIIL) 1 

Me 

Me 

(CeH4Cl),N<(^Me 

R-CeH4-NH<;^^~\Me — 


n^CMe-LCHaJa- 

(XL) 

(XV.) 


Me 


(XIV.) 

Me 


R-CeH4-NH<(^^^Me 
■NEta :m*CHMe 

(XVI.) [CHajs-NEt, 


in spite of a wide variety of conditions the main product isolated was always 4' : ^"-dichloro-'i- 
nitro-^ : 5~dimethyltriphenylafnine (XI), and it was clear that the initial production of the 
diphenylamine must have been a slow process compared with its conversion into the 
triphenylamine derivative. It should be noted that this preferential formation of a tertiary 
amine by the Ullmann reaction is rare but not unique : Wibaut and La Bastide {Rec. Trav, 
chim., 1933, 52, 493) have shown that 2-iodopyTidine and 2-aminopyridine, when heated with 
potassium carbonate and copper, furnish the tri-2-pyTidylamine. 

This difficulty was overcome by employing the acetamido-compound (IX), which in the 
presence of copper bronze and potassium iodide readily combined with ^-chloroiodobenzene to 
form ^'•chloro‘Z-nitro-'^-aceto-4L : ^-dimethyldiphenylamide (XII, R = />-Cl). The latter was 
then reduced to the 3-ami«o-derivative (XIII, R = Cl) which, after condensation with 
P-2-diethylaminoethyl chloride and subsequent hydrolysis, furnished ^t'-chloro-Z-^-diethyU 
aminoethylamino^4t : Mimethyldiphenylamine (XIV, R = Cl). 

When the acetyl group in (XIII) was removed, the resulting amine readily condensed with 
the above diethyl ketal to give the anil (XV, R = Cl), which on catalytic reduction gave 
4:'-chloro^B-(^»diethylamino-oL-methyl-n-‘butylamino)-^ : S-dimethyldiphenylamine (XVI, R = Cl). 

Attempts were then made to prepare compounds of type (XIV) and (XVI) in which 
R == ^-MeO, as this group has considerable significance in many antimalarial compounds. 
^-Bromoanisole was successfully condensed with the acetamido-compound (IX), but the 
acetodiphenylamide could not readily be isolated : consequently the crude product was 
hydrolysed and the pure d-nitro-^'-methoxy-i: : 5-dimethyldiphenylamine thus obtained. This 
compound was reduced to the 3-aiwi»o-derivative, which condensed with p-diethylaminoethyl 
chloride to give 3‘^~diethylaminoethylamino-^*-methoxy-4 : ^dimethyldiphenylamine (XIV, 
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R = MeO) . The S-amino-derivative also gave the anil (XV, R = MeO) which on hydrogenation 
furnished B-B-diethylamino-u-fnethyl-n-butylamino^ii'^methoxy^^ : 5-dimethyldiphenylamine (XVI, 
E MeO). It should be noted that, whereas the constitution of the last compound is beyond 
doubt, that of (XIV, R = MeO) is not absolutely certain, since the ethyl chloride might 
conceivably condense with the secondary amino-group : the reactivity of the 3-amino-group is 
so very much greater, however, that this possibility can be ignored. 

The two xylene derivatives (VI) and (VIII) and the four diplienylamine derivatives (XIV, 
R « Cl and MeO) and (XVI, R =:= Cl and MeO) have been tested against P. gallinaceum in 
chicks and found to be inactive not only against the blood forms but also prophylactically. It 
is clear, therefore, that the marked antimalaidal activity of the two types of pyrimidine 
derivative (I) and (III) must be intimately associated either with, the p)nrimidine ring as such, 
or with the tautomerism which this ring allows, and that a superficial structural similarity with 
riboflavin which ignores this tautomerism, as in the diphenylamine derivatives, is insufficient 
to produce activity. 

Experimental. 

B-Nitro-S-amino o-xylene (IV). This compound, prepared according to Noelting, Braun, and Thesmar 
{Ber., 1901, 34, 2242), was obtained in 36% yield as yeUow needles, m. p. Ill — 112°. 

5-Niiro-3-p diethylaminoethylainino-o-xylene (V). — solution of 6-mtro-3-amino-o-xylene (12 g.) 
in xylene (60 c.c.) was refluxed with 2-diethylaminoethyl chloride (46 c.c. of a 30% xylene solution; 
1*1 mols.) for 4 hours. On cooling, the product, which had separated during the heating, solidified ; it 
was collected, and recrystallised from ethyl alcohol-petrol (equal vols., 400 c.c.), furnishing pale yellow 
plates of the hydrochloride of the diethylamino-compound (V), m. p. 182 — 183° (Found : C, 56*8; H, 
8*1. Ci4Ha802N3.HCl requires C, 55*7; H, 8*0%) (16 g., 70%). This compound formed a picrate, 
yellow needles from aqueous acetone containing a sUght excess of picric acid, m. p. 164 — 166° (Found : 
C, 48*3; H, 5*6. CiAaO^N^CeHaO^Na requires C, 48-6 ; H, 6*3%). 

B^Amino-Z~P-dieihylaminoethylamino~Q-xylene (VI) (6048). — A solution of the above hydrochloride 
(9 g.) in 96% ethyl alcohol (160 c.c.) was rapidly hydrogenated in the presence of Adams's platinum 
catalyst (0-2 g.) at room temperature and pressure. The filtered solution was evaporated to dryness 
under reduced pressure, and the deliquescent crystalline residue dissolved in water and basified with 
aqueous sodium carbonate. The crude 6-awi«<}-compound (VI) which separated was collected, dried, and 
crystallised from petrol' (b. p. 40—60°); colourless needles, m. p. 76 — 76° (Found : C, 71*6; H, 10*4; 
N, 18 0. Ci 4 H 25 Na requires C, 71*6; H, 10*6; N, 17*9%). 

"When dry hydrogen chloride was passed into a solution of the amine in warm petrol, the deliquescent 
trihydrochloride rapidly crystallised, m. p. 170° (decomp.) (Found : N, 12*26, duHjjNj.SHCl requires 
N, 12*2%). When the amine was refluxed with acetic acid-acetic anhydride, and the product poured 
into water and basified with sodium carbonate, the diacetyl derivative slowly crystallised ; needles from 
very dilute aqueous alcohol, m. p. 140 — 141° (Found : C, 67*2; H, 9*4; N, 13*0. CioH-^OaN. requires 
C, 67*6; H, 9*1; N, 13*1%). 

a-DiethylaminO'-n-pentan-i-one Diethyl Ketal (cf. van Schelven, B.P. 388,087). — A solution of the 
amino-ketone (90 g.) in a slight excess of dilute hydrochloric acid was evaporated to dryness under 
reduced pressure, the residual hydrochloride dissolved in alcohol (100 c.c.) containing dry hydrogen 
chloride (1 g.), ethyl orthoformate (100 g,, 1*2 mols.) added, and the mixture set aside for 8 days. The 
solution was then partly neutralised by addition of sodium ethoxide (from 12 g. of sodium), filtered from 
sodium chloride, and shaken with an excess of silver oxide. The filtered solution was fractionsdly 
distilled, and the ketal obtained as a colourless liquid, b. p. 116 — 118°/14 mm. (110 g., 86%). 

B-Amino-Z~{h''diethylamino-a’-methyl‘Ti-butylamino)-o-’Xylene (VIII) (6049). — A mixture of the 
6-nitro-compound (IV) (10 g.), the diethyl ketal (16*6 g., 1*1 mols.), and ammonium chloride (0*06 g.) 
was heated in a small distilling flask by means of a metal-bath. As the temperature reached 160° a 
brisk reaction set in with evolution of ethyl alcohol ; when this subsided the temperature was increased 
to 210° and maintained there for 0*6 hour. The excess of ketal was removed under reduced pressure, 
and the residual anil dissolved in ethyl alcohol (100 c.c.) and hydrogenated in the presence of Adams's 
catalyst (0*2 g.) at 60° under a pressure of 90 atm., the almost theoretical absorption of hydrogen (4 
mols.) taking 4 hours. The alcohol was then evaporated from the filtered solution, the residue refluxed 
with 16% hydrochloric acid (60 c.c.) for 1 hour to hydrolyse any traces of unchanged anil, and the 
solution cooled, basified with sodium carbonate, and extracted with ether, dried, and distilled. A small 
initial fraction of 3 : 6-diamiiio-o-xylene, b. p. 130°y0*06 mm., was followed by the main fraction, b*. p. 
170 — 175°/0*05 mm. This on redistillation gave the amine (VIII) as a pale brown syrup, b. p. 
172— 174°/0*01 mm. (Found: C, 73*3; H, 11*6; N, 16-3. requires C, 73*6; H, 11*2; % 

16*2%). The amine slowly darkens on exposure to light. No crystalline salts, could be obtained 
those prepared were all intractable gums which rapidly darkened when exposed to light. 

4c-Acetamido-o-xylene , — ^A solution of 4-amino-u-xylene (60 g.) in cold acetic acid (60 c.c.) was diluted 
with water (200 c.c.) and continuously agitated wlulst acetic anhydride (60 g., 1*1 mols.) was slowly 
added. The acetamido-compound readily crystallised and, after the product had been poured into 
water (2 1,), was collected, washed and dried ; m. p. 94 — 95° (66 g., 97%). Jacobsen (Ber., 1884, 17, 161) 
acetylated the amine both with acetic add alone and with acetic ada-acetyl chloride; we find that the 
use of acetic acid-acetic anhydride gives a syrupy product containing much diacetyl d^vative. 

d-Nitr<hB-acetamido-o-xylene (IX). — Crossley and Morrell {loc, citTj give no detailed directions for this 
preparation. The previous compound (100 g.) was added with stirring to concentrated Su^huric add 
(600 c.c.) maintained at — 10°, and the resulting solution continuously stirred and kept below — 7° 
whilst a solution of nitric add (40 c.c., d 1*42, 1*06 mols.) in concentrated sulphuric ad<r(100 c.c.) was 
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slowly added. The product was poured on crushed ice {ca. 10 kg.), and the solid nitro-compound 
collected, washed with water, and dried. Recrystallisation from alcohol gave colourless needles, m. p. 
207—208° (Found : C, 68*0; H, 6-1. Calc, for CioH„0,Na : C, 57-7; H, 5-8%). 

Z-Nitro-B-amino-o-xylene (X). — ^The acetyl compound was refluxed with 70% sulphuric acid (5 parts) 
for 30 minutes, and the solution poured on ice and made alkaline with ammonia. The precipitated 
5-amino-compound, collected and recrystallised from aqueous alcohol, gave deep orange needles, m. p. 
74—75° (Found: C, 57*8; H, 5-9. Calc, for CgHioOjNa : C, 67-9; H, 60%). This compound has 
previously been prepared only by the reduction of the 3 : 5-dinitro-derivative (Noel ting et al., loc. cit ), 

4' : 4/'-Dichloro*Z-nitrO’4i : li-dimethyltriphenylamine (XI). — A mixture of 3-nitro-6-amino-o-xylene 
(X) (10-6 g.), ^-chloroiodobenzene (16 g., 1*1 mols.), anhydrous potassium carbonate (5 g., 1*2 mols.), 
copper powder (0-2 g.), potassium iodide (0*05 g.), and dry nitrobenzene (50 c.c.) was gently refluxed 
with occasional shaking for 7 hours. The product was steam-distilled to remove nitrobenzene and 
/>-chloroiodobenzene, and the tarry residue dried and extracted (Soxhlet) with petrol (b. p. 40 — 60°; 
250 C.C.). The extract on cooling deposited a reddish-yellow solid, which on crystallisation from alcohol 
furnished the iriphenylamine (XI), pale yellow crystals, m. p. 146 — 147° (Found: N, 7*3; Cl, 181. 
CaoHi.OaNjCl, requires N, 7-2; Cl, 18-3%) (6 g., 20%). 

Aqueous dilution of the alcoholic mother-liquor precipitated a red solid, which, crystallised from 
methyl alcohol, furnished 4'-chloro-3-nitro-4 : 5-dimethyldiphenylamine (see later); m. p. 120 — 121°. 
Similar dilution of the methyl-alcohohc mother-liquor gave unchanged (X) (1*5 g.). 

4'-CA/oro-3-m7ro-N-acfi/o-4 : ^-dimethyldiphenylamide (XII, R = Cl). — A mixture of (IX) (30 g.), 
^-chloroiodobenzene (170 g.), anhydrous potassium carbonate (15 g,), copper powder (1 g.), and potassium 
iodide (0*5 g.) was heated with continuous stirring in a metal-bath at 240° for 4 hours. The cool product 
was poured into petrol (b. p. 60 — 80°, 1 1.), and the mixture boiled, filtered, and cooled. The 
acetodiphenylamide (XII, R = Cl) which separated was once recrystallised from petrol ; pale yellow 
needles, m. p. 121—122° (Found ; C, 60*7; H, 4*8; N, 8*9. requires C, 60*3; H, 4*7; 

N, 8*8%) (30g., 70%). 

^'-ChloYO-Z-nitro-^ : ^-dimethyldiphenylamine . — The previous compound was refluxed with 70% 
sulphuric acid (10 parts) for 30 minutes, and the solution cooled, poured into water, and basified with 
ammonia. The precipitated diphenylamine w'as collected and recrystallised from methyl alcohol; 
orange-red needles, m. p. 121 — 122° (Found: C, 61*2; H, 4*7; N, 10*3. C14H13O2N2CI requires C, 
60*8; H, 4*7; N, 10*1%). 

4"-CA/oro-3-ami»o-N-ac^/o-4 : b-dimethyldiphenylamide (XIII, R = Cl). — A solution of (XII, R = Cl) 
(15*5 g.) in alcohol (250 c.c.) was hydrogenated (Adams's catalyst, 0*2 g.) at 50° and 50 atm., theoretical 
absorption occurring in 3 hours. The filtered solution was evaporated under reduced pressure, and the 
crystalline residue extracted (Soxhlet) with petrol (b. p. 60 — 80°, 1 1.). The acetamide (XIII, R = Cl) 
separated from the extract as colourless crystals, m. p. 118^ — 119° (Found : C, 66*4; H, 6*2. 
CieHi70N2Cl requires C, 66*5 ; H, 5*9%). When hydrogen chloride was passed into an ethereal solution 
of this amine, the hydrochloride readily crystallised, m. p. 210 — 212° (decomp.) (Found : C, 58*6; H, 
5*7 ; N, 8*3. CieH^ONaChHCl requires C, 59*0; H, 5*7 ; N, 8*6%). 'The amine also readily afforded a 
picrate, yellow needles from aqueous alcohol, m. p. 198 — 199° (decomp.) (Found: C, 51*2; H, 4*2. 
CieHi^ONaChCeHsO^Na requires C, 51*0; H, 3*9%). 

When the amine was refluxed with dilute hydrochloric acid, the hydrochloride of ^'-chloro^Z-amino- 
4 : b-dimethyldiphenylamine (6050) separated during the heating in almost theoretical yield ; pale pink 
needles from aqueous alcohol, m. p. 236 — 237° (decomp.) (Found: G, 59*5; H, 5*8; N, 9*8. 
Ci4Hi5NaCl,HCl requires C, 59*3; H, 5*6; N, 9*9%). Addition of aqueous ammonia to a warm 
aqueous-alcoholic solution of the hydrochloride precipitated the free amine, colourless needles from 
petrol, m. p. 98—99° (Found: C, 67*6; H, 6*1; N, 11*4. requires C, 68*1; H, 6*1; N, 

11*3%). 

When the acetyl derivative (XIII) was hydrolysed with 70% sulphuric acid and the resulting solution 
poured into water, the sulphate monohydrate separated ; colourless needles from alcohol, m. p. 173 — 174° 
[Found: C, 55*1; H, 5*6; N, 9*2. (Ci4Hi4N2Cl)2,H2S04,H20 requires C, 55*1; H, 5*9; N, 8*8%]. 

The yield, however, was now only 40%. 

^'-Chloro-Z-p-diethylaminoethylamino-^ : b-dimethyldiphenylamine (XIV, R = Cl) (6051). — A 
solution of (XIII, R = Cl) (6 g.) in xylene and a solution of j3-diethylaminoethyl chloride (1*1 mols.) in 
xylene (14 c.c., of 30% concentration) were refluxed together for 12 hours, the condensation product 
separating meanwhile as a heavy oil. The cold mixture was then extracted with 10% aqueous 
hydrochloric acid (50 c.c.), and the extract refluxed for 1 hour to hydrolyse the acetamido-group. The 
cold extract was basified wdth ammonia, the oily deposit extracted with ether, and the dried ethereal 
extract then distilled. The diphenylamine (XIV, R = Cl) w’as obtained as a viscous syrup, b. p. 
222-r-223°/0*002 mm. (Found: C, 70*0; H, 8*4; N, 12*4. CjoH-oNXl requires C. 69*5; H, 8*1; N, 
12*15%) (5g., 70%). 

When acetone solutions of this amine and of /)-toluenesulphonic acid were mixed, the 
di-^p-toluenesulphonate crystallised, m. p. 201° (preliminary softening and darkening) (Found : C, 58*9; 
H, 6*5; N, 6*1. C,oH„N3Cl,2C7H80,S requires C, 69*2; H, 6*4; N, 6*1%). This was the only 
crystalline salt of the base isolated. 

^'•‘Chloro-Z-{B-diethylamino-a-methyl-rL-butylamino)-^ : 5-dimethyldiphenylamine (XVI, R = Cl) 
(6062). — 4'-Chloro-3-amino-4 : 5-dimethyldiphenylamme (11 g.), the diethyl ketal (12 g., 1*1 mols.), and 
ammonium chloride (0*06 g.) were heated together for 2 hours, initially at 170° and later at 210°. The 
excess of ketal was removed under reduced pressure, and the residual anil dissolved in alcohol (70 c.c.) 
and hydrogenated (Adams's catalyst, 0*2 g.) at 60° and 100 atm. for 3 hours. The alcohol was then 
evaporated from the cold filtered solution, and the residue refluxed with 15% hydrochloric acid (60 c.c.) 
for 1 hour. The cold solution was basified (sodium hydroxide), extracted with ether, and the dried 
extract then distilled ; the diphenylamine (XVI, R = Cl) was obtained as a pale yellow oil, b. p. 
5^0— 242°/0*07 mm. (Found: C, 71*4; H, 8*8; N, 11*0; Cl, 9*2. C23Ha4N3ei requires C, 71*2; H, 
8*8; N, 10*8 ; Q, 9*2%). No crystalline salts of this amine could be isolate^ 

3 o 
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Z-NUro-^'-meihoxy-^ : &-dimethyldiphenylamine , — mixture of (IX) (35 g.), /^-bromoanisole (180 
potaesium carbonate (17 g.), copper powder (1 g.), and potassium iodide (0*7 g.) was heated with stirmg 
at 240® for 6 hours in an apparatus so arranged that water formed by slight decomposition could distil 
away. The cool product was then poured mto hot petrol (b. p. 60 — 80®, 800 c.c.), and the mixture 
boiled, filtered, evaporated to ca. 250 c.c., and then steam-distilled until free from ^-bromoanisole. The 
oily residue was then refluxed with 12% hydrochloric acid (120 c.c.) for 1 hour, cooled, and repeatedly 
extracted with ether until the extracts were colourless. The united, dried extracts on distillation gave 
the above diphenylamine as a viscous red syrup, b. p. 238 — 240®/0'01 mm. (30 g., 64%) ; trituration with 
methyl alcohol induced crystallisation, and the compound then crystallised from cyc/ohexane in 
orange-yellow plates, m. p. 122 — 123° (Found : C, 66*6; H, 6*3; N, 10*1. Ci6Hij08N2 re<^uires C, 
66*2; H, 6*9; N, 10-3%). 

Z-Amino-4k'-methoxy-^ : 5-dimethyldiphenylafnine (6063). — A solution of the above compound (30 g.) 
in alcohol (260 c.c.) was hydrogenated as usual at 60° and 60 atm. for 6 hours. Fractional distillation 
ultimately gave this diphenylamine as a colourless oil, b. p. 220°/0*01 mm., which set to a brittle 
deliquescent glass, which could not be crystallised (Found : N, 11*3. CigHigONa requires N, 11*6%) 
(22 g., 87%). This compound formed a picrate which, recrystallised from very dilute aqueous picnc 
acid, formed fine yellow needles, m. p. 183° (decomp.) (Found : C, 53*26; H, 4*7. CibHi 80N8,C8H807N, 
requires C, 63*5; H, 4*6%). 

Z-p-DieihylaminoethylaminoA'-methoxy-i: : 5-dimethyldiphenylamine (XIV, R == MeO) (6064). — 
This was prepared precisely similarly to the 4'-chloro-analogue but by using the unacetylated 
diphenylamine, and obtained initially as a crude fraction, b. p. 235— 240°/0 06 mm., which on 
refractionation gave the pure diphenylamine as a colourless oil, b. p. 238°/0*01 mm. (Found : N, 12*6. 
CjiHaiONj requires N. 12*3%) (60%). 

Z-h-Diethylamino-a-methyl~Virhutylamino-4f^methQxy^^ : 5-ditnethyldiphenylamine (XVI, R = MeO) 
(6066). — This compound was also prepared precisely similarly to the 4'-chloro-analogue and obtained as a 
pale green oil, b. p. 210°/0‘002 mm. (Found : C, 74*8; H, 9*3; N, 11*3. Cj^HavON, requires C, 75*2; 
H, 9*7; N, 11*0%) : 58% of the theoretical. 

No crystalline salts of the last two amines could be isolated. 

This research was carried out on behalf of the Medical Research Council under a wartime collaborative 
agreement on antimalarial research between the Medical Research Council and Imperial Chemical 
Industries Ltd. We are greatly indebted to the Council for a grant (J. W. G. P.) and to Imperial Chemical 
Industries Ltd. both for materials and for carrying out the antimalarial tests. 

University Chemical Laboratory, Cambridge. [Received, September ZOth, 1946.] 


169. Synthetic Antimalarials. Part XIX. Dialkylaminoalkyl- 
aminodiphenylguanidines. 

By Frederick G. Mann, Frederick T. Naylor, and J. W. Geoffrey Porter. 

The study of the effect on antimalarial activity caused by replacing the p 5 rrimidine by the 
benzene ring has been extended to include the diphenylguaiiidines of types (II) and (III), the 
former being the benzene analogues of the active 2-phenylguanidino-4-dialkylaminoalkylamino- 
6-methylpyrimidines of type (I). 

The scope of the investigation was restricted by the intractable nature of many of the 
products. 

In Part XVIII (Mann and Porter, preceding paper) an attempt was made to ascertain whether 
the marked antimalarial properties of the 2-^-chloroanilino-4-dialkylaminoalkylamino-6-methyl- 
pyrimidines were determined primarily by their general molecular structure, or more specifically 
by the presence and properties of the constituent pyrimidine ring. This factor was investigated 
by preparing analogous compounds difiering only in that the pyrimidine ring of the former 
compounds had now been replaced by a benzene ring. The compounds so prepared, of the 
general type 4'-chloro-3-dialkylaminoalkylamino-4 ; 6-dimethyldiphenylamine, were found to 
be without antimalarial activity. 

It was clearly desirable, however, that the evidence concerning this factor should not be 
limited to one class of pyrimidine derivative. The 2-phenylguanidino-4-dialkylaminoalkyl- 
amino-e-methylpyrimidines (Curd and Rose, 1946, 362) (I) constitute a second class of 
pyrimidine derivative having high antimalarial activity, and it was considered of interest, 

N 

OxH|-NH<->NHE- 

(I.) (II.) (III.) 

therefore, to prepare their benzene analogues, i.e„ diphenylguanidines of type (II). 
Furthermore, in order to determine whether the position of the dialkylaminoalkylamino- 
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substituent relative to that of the guanidine nucleus has any marked influence on the antimalarial 
activity, the preparation of the ^^'-disubstituted diphenylguanidines of type (III) was 
investigated. 

The most convenient method for the preparation of asymmetrically disubstituted diaryl 
guanidines is the interaction of an aryl cyanamide with the hydrochloride of an arylamine 
(Heller and Bauer, J, pr. Chem., 1902, 65, 384). Thus ;p-chlorophenylcyanamide (IV, R == Cl) 
condensed with '^-^-diethylaminoethyUm-phenylenediamine (V, R = CHg’CHg'NEtg) in alcoholic 
hydrogen chloride to afford 'ii^-'^-chlorophenyUW-m-^-diethylaminoethylaminophenylguanidine 
(II, R = Cl, R' = CHa’CHa’NEta) in moderate yield. A similar condensation between (IV, 
R == Cl) and l^’^-diethylaminoethyl-’g-phenylenediamine furnished N-p-cA/oro/)A^7«y/-N'-p-p- 
diethylaminoethylaminophenylguanidine (III, R = Cl, R' = CHa'CHg’NEta). Both the above 
guanidines were crystalline compounds. 

r/^nh-cn nh,/^nhr 

(IV.) (V.rTiHR (VI.) 

N-p-Diethylaminoethyl-m-phenylenediamine has previously been prepared (U.S.P. 1 ,757,394) 
by heating tw-phenylenediamine with p-diethylaminoethyl chloride. A more convenient 
preparation both of this compound and of iV-p-diethylaminoethyl-^-phenylenediamine consists 
in the condensation of p-diethylaminoethyl chloride and the corresponding nitroaniline to give 
the hydrochloride of l~nitro-Z-^~diethylammoethylamino- and of \-nitro-^-^-diethylaminoeihyU 
amino-benzene. Catalytic reduction of these hydrochlorides afforded good yields of the 
phenylenediamines (V and VI, R = CHa’CHa'NEta). 

With the object of preparing the analogous guanidines carrying the S-diethylamino-a-methyl- 
«-butyl side chain, ^-^-diethylamino-oL-methyl-n-hutyl-m- and -^-phenylenediamine (V and VI, 
R = CHMe*[CH 2 ] 3 'NEt 2 ) were prepared by condensing the appropriate nitroaniline with 
6-diethylamino-w-pentan-2-one diethyl ketal and reducing the resulting anil to give the required 
product (cf. Mann and Porter, loc, cit.). Although both these substituted phenylenediamines 
appeared to react with (IV, R = Cl) under the usual conditions, the products proved to be 
intractable, deliquescent gums which could neither by crystallised nor induced to give crystalline 
salts. Dewar (/,, 1944, 634) has noted similar difficulties in attempting to crystallise 
iV-dialkylaminoalkyldiarylguanidines. 

Attempts were next made to prepare compounds of types (II) and (III) in which R = OMe. 
^-Methoxyphenylthiourea (Dienske, Rec. Trav. chim., 1931, 50, 407) was treated with lead 
hydroxide to give ^-methoxyphenylcyanamide (IV, R = OMe). This reacted normally with 
each of the above four substituted phenylenediamines but no crystalline product could be 
isolated. Analysis of the resinous gum produced by the reaction between (IV, R = OMe) 
and iV-p-diethylaminoethyl-^-phenylenediamine showed it to be almost certainly the 
required '^-^-meihoxyphenyl-W-^-^-diethylaminoethylaminophenylguanidine (III, R = OMe, 
R' = CHj-CHa-NEta). 

An alternative synthetic route was equally unproductive of crystalline products. />-Methoxy- 
phenylcyanamide was heated in alcoholic solution with m-nitroaniline hydrochloride to form 
'i^-i^-methoxyphenyl-W-m-nitrophenylguanidine hydrochloride which was catalytically reduced to 
'^-'p-methoxyphenyl-W-vcL-aminophenylgiianidine hydrochloride (II, R = OMe, R' = H). The 
latter compound, however, did not condense normally with p-diethylaminoethyl chloride : a 
complex mixture of products, arising apparently from the rupture of the guanidino-linkage, 
being isolated. 

Only the two crystalline guanidine derivatives (II and III, R = Cl, R' = CHa'CHj'NEt^) 
have been tested. Whereas the former (6220) showed significant activity (+ to 4--}- at 80 
mg. /kg.) the latter (6180) was inactive at the same dosage (highest tested). The former is the 
more closely related to the active 2-arylguanidinO‘4-dialkylaminoalkylaminopyrimidines of 
type (I), and the conclusion may therefore perhaps be drawn that the replacement of a pyrimidine 
ring by a benzene ring in an antimalarial structure based on pyrimidine does not necessarily lead 
to complete loss of activity despite the results given in the previous paper. In this connection 
it may be noted that, whereas the diphenylamines described in the previous paper do not retain 
any of the tautomeric possibilities characteristic of their pyrimidine analogues, the 
diphenylguanidine (II, R = Cl, R' = CHa'CHj’NEtj) is not devoid of all the tautomeric 
possibilities existent in type (I). 

Experimental. 

l-Nitro-B-P-diethylaminoethylaminobenzene, — A mixture of m-nitroaniline (100 g.) and j9-diethylamino- 
ethyl chloride (106 g., 1-1 mols.) in xylene (600 c.c.) was refluxed for 3 hours. The crystalline 
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hydrochloride was then collected and recrystallised from ethyl alcohol-light petroleum (b. p. 60 — 80®). 
(equal vols.) ; pale yellow needles, m. p. 177 — 178® (Found: N, 15*3; Cl, 13*2. CuHi^OaNj^Cl 
requires N, 15*4 ; Cl, 13*0%). Yield, 140 g.; 70%. 

Basification of an aqueous solution of the hydrochloride furnished the oily base (Found : C, 60*36 ; 
H, 8*1; N, 17*7. CiaHijOgNg requires C, 60*7; H, 8*1; N, 17*7%). The base readily afforded a 
picrate, orange crystals from alcohol, m. p. 149 — 150® (Found : N, 18*2. CjaHijOaN^C^HjOyNg requires 
N, 16-0%). 

l-Niiro-i~p-diethylaminoethylaminobenzene hydrochloride w*as similarly prepared and recrystallised; 
yellow needles, m. p. 159 — 160® (Found : C, 52*36; H, 7*6; N, 16*3. CiaHi^OaNgCl requires C, 52*6; 
H, 7*6; N, 15*4%). Yield, 72%. The picrate, yellow needles from ethyl alcohol, had m. p. 168 — 169° 
(Found; N, 18*6. Ci 2 Hia 02 Na,CoH 307 N 3 requires N. 18*0%). 

N-p-Diethylaminoethyl’in-phenylenediamine (V, R == CHg'CHa'NEta). — A solution of l-nitro-3-)8- 
diethyJaminoethylaminobenzene hydrochloride (140 g.) in 90% aqueous ethyl alcohol (350 c.c.) was 
hydrogenated (Adams’s catalyst, 0*3 g.) at room temperature and atmospheric pressure. The filtered 
solution was evaporated and then basified with aqueous sodium hydroxide. The product was extracted 
with ether and the dried extract fractionally distilled. The pure amine had b. p. 154°/0*06 mm. 
(Found: C. 69*2; H, 10*4; N, 19*9. requires C, 69*5; H, 10*3; N, 20*3%). Yield, 

106 g.; 85%. 

^-P~Diethylaminoethyl~\>-phenylenediamine (VI, R = CHj'CHj'NEtg) was similarly prepared as a 
hygroscopic oil, b. p. ] 66 ®/ 0*02 mm. (Found : C, 69*1; H, 10*8; N, 21*0%). 

p-Chlorophenylcyanamide (IV, R == Cl). — This compound was prepared from ^-chlorophenylthiourea 
and obtained as colourless needles, ra. p. 103® (Found : N, 18*4. Calc, for C 7 H 5 N 2 CI : N, 18*3%). 

^-•g-Chlornphenyl-W-m-^-diethylaminoethylaminophenylguanidine (11, R — C1,R' = CHg'CHa'NEtg). — 
A solution of (IV, R == Cl) (JO g.) and iV-j3-diethylamino-w-phenylenediamine (13 g., 1 mol.) in ethyl 
alcohol (50 c.c.) containing hydrogen chloride (2*5 g., 2 mols.) was refluxed for 20 hours. The whole 
was then poured into 5% acetic acid (300 c.c.) and filtered, and the filtrate was slowly run into an excess 
of ice-cold 10% aqueous sodium hydroxide. The sticky white solid which separated was collected and 
dried. Prolonged extraction (Soxfilet) with light petroleum (b. p. 60 — 80®) afforded the crude product, 
which readily .separated from the hot solution. Recrystallisation from light petroleum gave the pure 
guanidine, m. p. 112 — 113° (Found : C, 63*8; II, 6*9; N, 19*5. C 19 H 26 N 5 CI requires C, 63*4; H; 7*3; 
N. 19*5%). Yield, 3*8 g.; 17%. 

N-p~Chlorophenyl~l^'-‘p-p-diethylaminoethylaminophenylguanidine (III, R = Cl, R' ~ CHg'CHa’NEta). 
— A solution of (IV, R = Cl) (11*8 g.) and V-j5-diethylamino-/>-phenylenediamine (16*4 g., 1 mol.) in 
ethyl alcohol (55 c.c.) containing hydrogen chloride (2*85 g., 2 mols.) w'as refluxed for 24 hours. The 
solution was then evaporated and the residue was triturated with a slight excess of 6 % aqueous ammonia. 
The resulting gum was washed by stirring with water and dried. Repeated extraction with 
light petroleum (b. p. 40 — 60°) afforded the guanidine which w^as once recrystallised from light petroleum ; 
colourless plates, m. p. 102 — 103° (Found: C, 63*5; H, 7*5; N, 19*0%). Yield, 5 g. ; 18%. 

^~h'JHethylamino-a~methyl~n-hutyl-m-phenylenediamine (V, R — CHMe‘[CH 2 ] 8 *NEt 2 ). — wj-Nitro- 
aniline (50 g.), 5-diethylamino-«-pentan-2-one diethyl ketal (88 g.), and ammonium chloride (0*05 g.) 
were heated together for 2 hours, initially at 170® and later at 210®. The excess of ketal was removed 
under reduced pressure and the residual anil was dissolved in alcohol (200 c.c.) and hydrogenated 
(Adams's catalyst, 0*2 g.) at 60° and 100 atmospheres during 3 hours. The filtered solution was 
evaporated and the residue refluxed with 15% hydrochloric acid (400 c.c.) for \ hour. The cold solution 
w^as basified (sodium hydroxide) and extracted with ether, and the dried extract was distilled. The 
amine was obtained as a colourless oil, b. p. 168®/0*01 mm. (Found: C, 72*1; H, ITl; N, 17*0. 
C 15 II 27 N 3 requires C. 72*3 ; FI, 10*8 ; N, 16*9%). Yield, 60 g. ; 55%. 

"^-h-Diethylamino-a-methyUn-butyU^-phenylenediamine (VI, R = CHMe'[CH 2 ] 3 'NEt 2 ) was similarly 
prepivred, except that the temperature during anil formation was not raised above 180®, since a higher 
temperature caused spontaneous decomposition. This amine, a colourless oil, had b. p. 174°/0 05 mm. 
(Found: 0,71*9; H, 10*7 ; N, 16*9%). Yield, 20 g.; 23%. 

"p-M ethoxy pheny Icy anamide (IV, R =: OMe). — j5>-Methoxyphenylthiourea (30 g.), potassium hydroxide 
(43 g.), lead acetate (85 g.), and water (430 c.c.) were stirred during heating on a steam-bath for 16 
minutes. The lead sulphide was then collected, and the filtrate acidified with 10% acetic acid and 
cooled. The crude product was altered off, dissolved in 5% sodium hydroxide (150 c.c.), and cautiously 
reprecipitated by the addition of 5% acetic acid. Careful neutralisation resulted in the almost complete 
separation of a pale yellow amorphous material (ca. 1 g.) which was collected ; acidification of the filtrate 
then caused the required product to separate in short needles. A second similar purification gave the 
cyanamide as colourless needles, m. p. 86 — 87® (Found : C, 64*8; H, 5*6. CgHgONj requires C, 64*8; 
H, 5*4%) : 10 g., 40%. 

ethoxy phenyl-W-m-nitrophenylguanidine. — ^-Methoxyphenylcyanamide (7 g.) and m-nitro- 
aniline hydrochloride ( 8*6 g., 1 mol.) were dissolved in alcohol (35 c.c.) and heated under reflux for 
24 hours. The whole was then poured into 2% acetic acid (1 1.) and filtered. The filtrate was basified 
(sodium hydroxide) and the crude product collected. Two recrystallisations from 60% aqueous alcohol 
gave the pure guanidine, orange-red needles, m, p. 142® (Found : C, 58*3 ; H, 6*2 ; N, 19*6. C 14 H 14 O 8 N 4 
requires C, 58*7; H, 4*9; N, 19*6%) : 8 g., 65%. The hydrochloride formed colourless needles, m. p. 
128—136° (Found: C, 62*6; H, 4*6; N, 17*2. Ci 4 Hi 403 N 4 ,HCl requires C, 62*1; H, 4*7; N, 17*4%). 

'^-p-MethoxyphenyUW-m-aminophenylguanidine Hydrochloride (II, R = OMe, R' = H). — A 
solution of the above hydrochloride (8 g.) in alcohol (200 c.c.) was hydrogenated (Adams’s catalyst, 
0*2 g.) at room temperature and atmospheric pressure. The filtered solution was evaporated to ca. 60 
c.c. and, on cooling, the amino-guanidine hydrochloride crystallised. Recrystallisation from alcohol gave 
small crystals, m. p. 212° (Found : C, 67*8; H, 6*0; N, 20*1. Ci 4 H,.ON 4 ,HCl requires C, 67*4; H, 
5*9; N, 20*05%). Yield, 6 g. ; 70%. 

'H-p-Methoxyphenyl-W-p-P-dieihylaminoethylaminophenylguanidine (III, R = OMe, R' » 
CHj'CHj’NEt,).— ;^**Methoxyphenylcyanamide (7*5 g.) and JV-j9-diethylaminoethyl-/)-phenylenediamine 
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{10-5 g.) were dissolved together in ethyl alcohol (35 c.c.) containing hydrogen chloride (2-9 g.) and 
refluxed for 36 hours. Evaporation followed by trituration of the residue with 6% aqueous ammonia 
gave a brown gum which was washed and dried. Repeated extraction with hot light petroleum (b. p. 
40 — 60°) afforded, on cooling, a pale brown gum (1 g.). This was shaken with ether (20 c.c.), the ethereal 
solution evaporated, and the residue re-extracted with hot light petroleum. On cooling, the guanidine 
separated as a pale brown gum which was almost pure (Found : C, 68-3; H, 8-7 ; N, 191. CaoHa^ONj 
requires C, 67*6; H, 8-2; N, 19-7%). Yield, 0-7 g. ; 4%. Neither the base nor any salts could be 
obtained crystalline. 

This research was carried out on behalf of the Medical Research Council under a wartime collaborative 
agreement on antimalarial research between the Medical Research Council and Imperial Chemical 
Industries Ltd. We are greatly indebted to the Council for grants (F. T. N., J. W. G. P.) and to Imperial 
Chemical Industries Ltd., both for materials and for carrying out the antimalarial tests. 

University Chemical Laboratory, Cambridge. [Received, September 30/A, 1946.] 

170 . Synthetic Antimalarials. Part XX. Cinnolines. Part XIII. 
Synthesis and Antimalarial Action of A-Aminoalkylaminocinnolines. 

By J. R. Keneford and J. C. E. Simpson. 

The preparation of a series of 6- and 7-substituted 4-aminoalkylaminocinnolines is described, 
and their antimalarial activities are recorded. 

The cinnoline ring-system is one which has obvious potentialities as a vehicle for the production 
of chemotherapeutic agents. As a result of earlier work (/., 1942, 353; 1943, 447; 1945, 512, 
520 ; 1946, 673 ; this vol., pp. 227, 232) having as its objective the consolidation of routes leading 
to different types of 4-substituted cinnolines, we were in a position to investigate the chemo- 
therapeutic possibilities which this field appeared to offer, and we decided first to attempt to 
prepare compounds having antimalarial activity. Our interest in this problem was given 
additional stimulus by the fact that, when the work was begun, the bulk of the published 
synthetic work relating to the chemotherapy of malaria was restricted to derivatives of acridine 
and quinoline, although a few aminoalkylaminoquinazolines of type (1 ; R = Cl or NOg) had 
been synthe.sised by Magidson and Golovchinskaya (/. Gen. Chem. Russia, 1938, 8, 1797; Chcni. 
Abs., 1939, 33, 4993); these compounds, however, were stated to be devoid of antimalarial 
activity. 

Preliminary results with cinnoline derivatives of type (II ; R = H or OMe ; R' = H) 
(Simpson and Schofield, Nature, 1946, 167, 439) suggested that activity might be expected in 
suitably substituted compounds, and in this paper we describe the preparation of a series of 
derivatives of type (II) substituted at Cg and C7. In choosing these positions of nuclear sub- 
stitution we were guided partly by the accessibility of intermediates and partly by the fact that 
antimalarial activity is recorded for 4-aminoalkylaminoquinolines substituted in the same 
positions (III ; R at Cg or C7) (Schonhofer, Z. physiol. Chem., 1942, 274, 1 ; B.P. Appl. 27673/38). 

NH-[CH2]n*N Alka NH*[CH Alk^ Alk^ 



(I.) (II.) (III.) 

The compounds listed in Table III were prepared by conversion of the requisite 4-hydroxy- 
cinnoline (/., 1946, 620 ; this vol., pp. 227, 232) into the 4-chloro- and thence into the 4-phenoxy- 
derivative, followed by condensation of the latter with the appropriate amine; the use of 
phenoxy- instead of chloro-compounds for this reaction was more convenient, as most 4-chloro- 
cinnolines decompose on storage, whereas the phenoxy-compounds can be kept indefinitely. 
The yield of 7-chloro-4-hydroxycinnoline was raised from 30% (this vol., p. 232) to 90% by the 
use of concentrated hydrochloric acid for the final stage, and we have found that this 
modification is of general applicability to the preparation in high yield of 4-hydroxycinnolines 
which do not contain an electron-attractive group in positions 6 or 8. 

The compounds (I) were tested against P. gallinaceum in chicks at the Blackley laboratories 
of Imperial Chemical Industries Limited by the method of Curd, Davey, and Rose (Ann. Trop. 
Med. Parasii., 1946, 89 , 139), and the results [including, for purposes of comparison, those of 
Simpson and Schofield (loc. cit.)] are shown in Table I. Inspection of these results leads to the 
following conclusions : (a) Combination of the side-chain characteristic of mepacrine and 
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Table I. 

NHR 

Compounds of type ^ 


Ref. No. 

R. 

R^ 

R". 

Dose (mg./kg.). 

Activity.* 

3309 

CHMe*[CHj 3 -NEt, 

H 

H 

250 

+ + 




120 

4” 

6022 


H 

Cl 

80 

+ + 




40 


5656 


Cl 

H 

160 

+ to + + 




80 

— 

5654 


Br 

H 

160 

+ to + + 





80 

— 

4404 


OMe 

H 

80 

— 

5656 


Cl 

Cl 

160 

+ "f 





80 

+ to + + 





40 






20 

— 

5659 


Cl 

Me 

160 

+ to -f-h 





80 

4" 

3602 

[CHJa-NEta 

H 

H 

200 





120 

— 

6024 


H 

Cl 

80 

4- 

5853 


Cl 

Cl 

80 

— 

6023 

[CHjJ-NEta 

H 

Cl 

80 

4_ 4- 




40 

4- 

5862 

[CHJ^NMea 

Cl 

Cl 

80 

4- 

6021 

H 

Cl 

80 

4- to 4- 4“ 




40 

4“ 

5657 


Cl 

Cl 

160 

4- to +4- 





80 

i 

6668 


Cl 

Me 

160 

4- to 4-4- 





80 

4" 

6026 

[CHJa-NBu^a 

H 

Cl 

80 

4- 

5864 

Cl 

Cl 

80 

— 

6026 

[ChJJ-N-C^Nio 

H 

Cl 

80 

4- 

5855 

Cl 

Cl 

80 

— 


* Activity is shown as marked (++), slight (+), doubtful (±), or inactive (—). 

painaquin with a suitably substituted nucleus results in considerably greater activity than does 
the combination of otlier side-chains with the same nuclei (compare, e.g., 3309, 6022, 6656 with 
3602, 6024, 6863) ; (6) substitution at C,, ceteris paribus, increases the antimalarial activity ; 
(r) substitution at exerts a pronounced dystherapeiitic effect. These conclusions are meant 
to apply only to the range of compounds studied ; a discussion of their possible significance is 
held over pending the accumulation of further data. 

The following compounds were tested for prophylactic activity against P. gallinaceum in 
chicks by the method of Davey [Ann, Trop, Med. Parasit., 1946, 40, 52) but found to be inactive; 
6664, 6659, 6022, 6023, and 6024 at 80 mg./kg., and 6024, 6025, and 6026 at 160 mg. /kg. 

A paper by Leonard and Boyd (/. Org. Chem,, 1946, 11, 419), which appeared after com- 
pletion of this work, describes the preparation of 6023 and of 6-bromo-4-y-diethylaminopropyl- 


Table II. 
^•PhBnoxycinnolines . 


Substituent at 


6. 

7. 

M. p. 

H 

H 

94—96° 

H 

Cl 

127—128 

Cl 

H 

12a— 129 

Br 

H 

161-6— 152 

OMe 

H 

108—109 

Cl 

Me 

164—165 


Formula. 


C,4H,0N,C1 
C^H^ONaCl 
Ci^ILONoBr ;; 

CisHxiONaCl 

* From ether-ligroin (b. p. 40 — 60^) 

* From aqueous alcohol. 


Analysis. 


Found, %. 


Required, %. 


Crystalline form. 
Colourless needles 
or leaflets ^ 
Colourless needles * 


f ' 

C. 

H. 


'c. 

H. 

"~N. 

75 5 

4*45 

12*9 

75*6 

4*55 

12*6 

65-4 

3*7 

- „ 

66*6 

3*66 

.. . 

65*2 

3*45 

— 

66*6 

3*56 



55*6 

3*2 

— 

55*8 

3*0 


71*0 

4*45 

— 

71*4 

4*8 

.... 

66*2 

3*95 

10*6 

66*6 

4*1 

10*35 


* From alcohol. 





4’ A minoalkylaminocinnolincs. 
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aminociiinoline ; these compounds, for which no antimalarial results are yet recorded, were 
made directly from the chlorocinnolines and the amine. 

Experimental. 

M. ps. are uncorrected Derivatives of 4‘-hydroxy- and 4-hydroxy-6-methoxy-cittnoline were pre- 
pared by Dr. K. Schoheld. All the reactions could apparently be carried out on any desired scale without 
loss of yield. 

Improved Preparation of 1-Chloro‘i-hydroxycinnoUne , — Diazotisation was effected in hydrochloric 
acid, followed by heating on the steam-bath at 60® {cf. this voL. p. 232). It was found that the yield of 
cinnoline increased with an increase in concentration of acid up to ca, 8-5n; the yield was then 90— 
96%, and no significant increase resulted with higher concentrations. The ratio amino-ketone : acid 
medium varied between 1 : 60 and 1 : 100. 

Similar results were obtained in the preparation of 4-hydroxycinnoline (70 — 75% yield in 9 — 9*5n- 
hydrochloric acid : contrast 1945 520) ; amino-ketone : acid medium ~ ca. 1 : 100. 

In each set of experiments the acid concentrations were calculated after addition of the nitrite solu- 
tion, and the time of reaction was 4 — 6 hours. The products were isolated by evaporation under reduced 
pressure (this gave 4-hydroxycinnoline as hydrochloride, but in the case of the 7-chloro-compound much 
free base crystallised from the reaction mixture). 

Preparation of ^.-Chlorocinnolines . — The appropriate 4-hydroxycinnoline (1 mol.), phosphorus 
pentachloride {ca. 2 mols.), and phosphorus oxychloride {ca. 6 mols.) were heated on the steam-bath for 
1 hour. The reaction was usually rapid; the hydroxycinnolinc dissolved, and the chlorocinnoline 
crystallised from the hot solution. The mixture was poured on ice, made just alkaline with aqueous 
sodium hydroxide, and extracted with ether. The extract was washed with very dilute sodium hydroxide 
and water, dried, and concentrated (in the case of 4-hydroxycinnoline this was done under reduced 
pressure) ; yields of crude products were 80 — 90%. 4-Anilinocinnolines, by which the clilorocinnolines 
were occasionally characterised, were made by warming the reactants on the steam-bath for a few 
minutes, followed by crystallisation of the products from alcohol or ammoniacal alcohol. 

4-ChlorocinnoHne formed very pale yellow needles, m. p. 78 — 79°, from ether-ligroin (b. p. 40 — 60°) ; 
Busch and Klett {Ber., 1892, 26, 2847) and Leonard and Boyd {foe. cit.) give m. p. 79° and 76 — 77° 
respectively. The compound is unstable and decomposes very rapidly when warmed either alone or with 
acids. 4-Anilinocinnoline formed pale yellow silky needles, m. p. 229-6— 230*6° (Busch and Klett, loc. 
d/., give m.p. 232°) (Found: N, 19-0. Calc, for : N, 19-0%). 4-Chloro-6-bromocinnoline, 

pale yellow needles, had m, p. 136 — 138° [Leonard and Boyd, loc. cit., give 136—137° and 127 — 128° 
(interconvertible)]. 4 : 7-Dichlorocinnoline formed colourless polyhedra, m. p. 143 — 144° (Found : 
C, 48-3 ; H, 2-l; 01,36-4. Calc, for C 8 H 4 N 8 CI, ; C, 48-2; H, 2-0; Cl, 35-7%); Leonard and Boyd give 
m. p, 143 — 143-6°. The 4 : 6 -isomer, soft pale yellow needles, had m. p. Ill — 112°, and . 4 : 6 -dichloro- 
7-mcthylcinnoline crystallised in small cream-coloured needles, m. p. 176-— 177°. 4:-Chioro-%-methoxy- 
cinnoline formed colourless hair-like needles, m. p. 149 — 151°, from ether (Found : Cl, 18*4. C 9 H, 0 N 2 C 1 
requires Cl, 18-26%), and yielded ^-anilino-^-metkoxycinnoline (pale yellow needles, m. p. 235-5-~236°) 
(Found: C. 71-6; H, 5-25. C^jH^ON, requires C, 71-7 ; H, 5-2%). 

Preparation of 4^- Phenoxy cinnoline s . — The chloro-compound (1 mol.) was added to a solution of 
powdered potassium hydroxide (1-2 mols.) in phenol (ca. 7-5 mols.), and the whole was heated on the 
steam-bath for 1 hour (tlie reaction with 4-chloro-6*methoxycinnoline was sluggish, and a reaction time 
of 6 hours was used). The mixture was poured into excess of aqueous sodium hydroxide and extracted 
with ether, after which the extract was repeatedly washed with sodium hydroxide solution and water, 
dried, and concentrated, giving the phenoxy-compounds (see Tabic II) in yields of 89-— 95%. 

Preparation of 4-Aminoalkylaminocinnolines . — The phenoxy-compound (1 mol.) and aliphatic amine 
(ca. 2 mols.) were heated in an oil-bath, completion of the reaction being ascertained by examination of 
a sample of the material which (except in the reactions with S-diethylamino-a-methylbutylamine) 
crystallised on cooling. The cold mixtures were filtered after addition of ether and the solid bases 
crystallised from the appropriate solvent (yields, 90 — 96%). The reactions in which 8-die th ylamino- 
o-raethylbutylamine was used were more sluggish than those with other amines, and the products from 
them were worked up by basification with aqueous sodium hydroxide and extraction with ether; the 
ethereal solutions were extracted with 33% aqueous acetic acid, the latter basified, and the products 
again taken into ether, which was washed, dried, and evaporated; excess of fatty amine was then 
removed at 90 — 110°/0-2 — 0-5 mm., and the residues recrystallised (yields were 66 — 76%). Distillation 
of the aminoalkylaminocinnolines was unsuccessful in the few cases tried owing to decomposition. 
4404 was prepared by heating the chloro-compound and amine in phenol at 170° ; 3602 was formed when 
4-chlorocinnoline and the amine were heated at 130° without solvent under nitrogen, but was best 
prepared via the phenoxy-compound. 

This investigation was carried out as part of a wartime programme of antimalarial research sponsored 
by the Medical Research Council in collaboration with Imperial Chemical Industries Limited. We are 
indebted to the former for a Research Studentship (J. R. K.) and to the latter for materials and for carrying 
out the biological tests. We are also greatly indebted to the workers of Imperial Chemical Industries 
for many discussions on the above work. 

Warrington Yorke Department ok Chemotherapy, 

Liverpool School of Tropical Medicine. 


[Received, October bth, 1946.] 
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171. The Effect of Temperature on the Proportions of Isomers 
formed in the Mononitration of Toluene. 

By W. W. Jones and M. Russell. 

Toluene has been nitrated with mixtures of nitric and sulphuric acids at various temperatures 
from — 30° to 60°. The proportion of »M-nitrotoluene formed in each instance has been 
calculated from the setting point of the derived TNT. The results afford evidence that in 
applying the Arrhenius equation k = nA^-EiRT to the mononitration of toluene, = 2*90 A„, 

Ap — 2-70 A„, — .Efl ~ 917 and — Ep — 1103 cal. deg.-' mol.-'. 

The manufacture of trinitrotoluene is complicated by the undesirable formation of 
w-nitrotoluene in the mononitration stage. Several workers have published data on the 
proportions of isomers formed in the mononitration of toluene at various temperatures and in 
several media. Their results, for percentage m-nitrotoluene, are collected in Table I. Generally 


Table I. 

C. 


Temp. 

A. 

B. 

a. 

b. 

c. 

D. 

E. 

-30° 

2*7 

3*5 

— 

— 

— 

— 

— 

0 

3*1 

3*9 

2*5 

4*5 

3*3 

3*7 

— 

20 

— 

— 

4 3 

4*5 

3*9 

— 

4*1 

30 

3*2 

44 

— 

— 

— 

4*4 

— 

40 

— 

— 

— 

4*2 

— 

— 

— 

50 

— 

— 

— 

4*3 

— 

— 

— 

60 

40 

5*1 

— 

— 

— 

— 

— 


A. Van den Arend, Rec. Ttav. chim., 1909, 28, 408. Nitration in 85% HNO^. 

B. Holleman, Vermeulen, and de Mooy, ibid., 1914, 38, 1 . Recalculation of results of Van den Arend* 

C. Gibson, Duckham, and Fairbairn, 1922, 121, 270. Nitration in : 

{a) 940/0 HNO3; 

(6) Mixed acid containing 58-7% H2SO4, 23-8o/o HNO3, 17•5o^ H^O; 

(c) Mixed acid containing 64-4o/o HjS04, 13-7% HNO3, 2^9o^ H3O. 

D. Ingold, Lapworth, Rothstein, and Ward, /., 1931, 1959. Nitration in acetic anhydride and in 
nitromethane. 

E. de Beule, Bull. Soc. chim. Belg., 19S3, 42, 27. Nitration in HNO3 and mixed acid. 

the proportions of isomers were determined by thermal analysis, but Ingold et al. {loc. cit.) also 
determined the meta-content by solubility measurements on the derived nitrobenzoic acids. 

The figures recorded in Table I show rather wide variations and, in particular, they indicate 
that change in meta-nitration with temperature is much less for nitration in mixed acid than in 
other media. Because of its technical importance, nitration in mixed acid has been 
reinvestigated, using a new method of analysis which is simpler and considered to be less liable 
to error than thermal analysis. 

2 : 4-Dinitrotoluene, /^-nitrotoluene, and known mixtures of m- and />-nitrotoluene were 
trinitrated by the standard method described in the experimental part, and the setting points of 

Table II. 

Mixtures of m- and p-nitrotoluene. 

2 ; 4-DNT. , ^ , 


Conen. of w-nitrotoluene (%) ... — 0 2T1 3-22 4-58 5-75 

Setting point of TNT, found 80*80° 80*78° 79*87° 79*26° 78*70° 78*13° 

„ „ „ , calc — 80*80° 79*82° 79*30° 78*67° 78*13° 


the products were determined. The results are recorded in Table II, the setting points being 
corrected. Setting points have been calculated from the equation : 

Setting point = 80*80 — 0*465 (conen. of w-nitrotoluene) . ... (1) 

which was derived from the data by the method of least differences. That trinitration in these 
experiments was substantially complete is shown by the close agreement between the setting 
points of products derived from ^-nitrotoluene and 2 : 4-dinitrotoluene wdth that recorded by 
Rintoul (/. Soc. Chem. Ind., 1915, 84 , 60). 

Toluene was nitrated at various temperatures with 1*2 mols. of nitric acid in the form of a 
mixed acid. The nitrotoluenes, after removal of unchanged toluene, were trinitrated by the 
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standard method. The setting points of the trinitrotoluenes were determined and the proportions 
of w-nitrotoluene in the original nitrotoluenes were calculated from equation (1). The results, 


Table III. 

Temperature of mononitration — 30° 0° 30° 60° 

Setting point of TNT 79*42° 79 09° 78-76° 78-62° 

Concn. of w-nitrotoluene (%) 2-97 3-68 4-39 4-90 

collected in Table III, show that the proportion of m-nitrotoluene changes almost linearly with 
temperature and there is no evidence that the rate of change is less for mixed acid nitrations 
than for nitrations in other media. 

Discussion. 

Bradfield and Jones (/., 1928, 1006) calculated, for several substitutions, the proportions 
of isomers formed at one temperature from the experimentally determined proportions at a 
second temperature by means of the Arrhenius equation, k = in which, for each 

isomer, k is the rate of formation, n is the number of equivalent substitution positions, A is a. 
temperature-independent factor, E is the energy of activation, and T is the absolute 
temperature. They obtained fair agreement with experiment on the assumption that A was the 
same for each isomer formed in a particular reaction. The close agreement, for the proportion 
of fw-nitrotoluene formed at 0° and 30°, between our results and those of Ingold et al., determined 
by entirely different technic^ues, is strong evidence for the essential reliability of the experimental 
data. The values for m-nitrotoluene, calculated for other temperatures by the method of 
l^radfield and Jones from the data of Ingold et al, at 30°, are given in the left side of Table IV. 
They show increasing divergence from our experimental values as the temperatures depart from 
30°. As these deviations are considerable and show a systematic trend they cannot be attributed 
to experimental error. 

Better agreement between calculated and experimental results can be obtained only by 
assuming that the temperature-independent factors are different for the three isomers. 
Appropriate values for these factors can be calculated from the proportions of isomers at two 
temperatures, thus : 

Let ko == 2 A^e-^oinT- 2 Ame-^'mlHT. ^ ApO-^^pI^^ 

Then kjkm - {AolAm)e 


If and are the ratios of o- to m-nitrotoluene formed at two temperatures and Tg, then 

2-303{log,„»', -log, =(£„-£„) /BT, .... (2) 

and 2-303 {lognf, - log^^iAo/AJ} = - E„)jRT^ 

Dividing and transposing we obtain 

logio(^„/^„) = (T, login*-, - logio»-i)/(r, - r,) (3) 

Similarly, if s, and s, are the ratios of p- to »»-nitrotoluene at T, and T,, 


logio(^p/2^„) - (T, logins, - Ti log,„Si)/(r, - Ti) (4) 


By substituting in equations (8) and (4) the ratios of isomers given by Ingold et al. for 0° and 
30° it was found that 

Ao = 2 * 90 . 4 ^ a^nd Ap = 2 * 70 .* 4 ^, 


and by further calculation the proportions of isomers formed at — 30° and 60°, shown in the 
right side of Table IV , were obtained. It is evident that much better agreeifient with experiment 
is given by the new equations. 


Temp. 

-30° 

0 

30 

60 


Table IV. 


Ao — Af^ — Ap. 


^ (%)• 

W (%). 

P (%).’ 

58-33 

2-32 

39*36 

58-49 

3*31 

38*20 

(58-46) 

(4-40) 

(37*16) 

68-21 

6-64 

36*25 


Aq = 

2-90.4„: = 

2-^OAm. 

(%). 

m (%). 

P {%)• 

67-66 

2-98 

39-47 

(68-10) 

(3-70) 

(38-20) 

(68-46) 

(4-40) 

(37- 16) 

68-66 

5-07 

36-27 


The numbers in parentheses arc the experimental values on which the calculations are based. 
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The values oi A o and are nearly equal and only small changes in the proportions of o- and 
/>^nitrotoluene, but none in the proportions of w-nitrotoluene, are caused by adopting the mean 
value, 2*80, for both. There does not, however, appear to be any reason "why, in the general 
case, Aq should be equal to Ap and so the separate values have been used in the calculations of 
Table IV. 

From equation (2) and the corresponding equation for the ratio of to m-nitrotoluene we 
have obtained the following values, in cal. deg.“^ mol.“^, for activation energy differences : 

Em 917 Em-Ep=^ 1103 

Experimental. 

Materials. — “ Nitration ” toluene (National Benzole Specification No. 7, 1938) was distilled through 
a short column. The middle fraction, having 0*8710, 1*4963, was used. Commercial 

w-nitrotoluene was purified by fractional freezing until the maximum setting point, 16*0° (corr.), was 
reached. Commercial p-nitrotoluene and 2 : 4-dinitrotoluene were recrystallised from alcohol until the 
setting points remained unchanged at 61*6° (corr.) and 69*8^ (corr.). 

A stock of mononitration mixed acid was made from sulphuric acid (d 1*84, 18*8 kg.), nitric acid 
(d 1*42, 1*1 kg.), liquid nitrogen tetroxide (0*9 kg.), and water (4*7 kg.). Analysis of the mixture gave 
71*4% H2SO4, 6*36% HNO„ 1*75% HNOg, and 21*5% HgO. Nitrous acid was added because it catalyses 
the nitration and prevents undue temperature fluctuations in the early stages. Dinitration and 
trinitration acids were made up as required for each nitation from concentrated sulphuric and nitric 
acids and 20% oleum that had been titrated. 

Mononitration. — The all-glass apparatus was a 2-1., 3-necked, bolt-head flask fitted with paddle 
stirrer, reflux condenser, dropping funnel, and thermometer, the last two reaching to near the bottom. 
The flask was immersed in a suitable cooling bath : solid carbon dioxide and trichloroethylene for — 30® 
and 0®, ice- water for 30°, and water at the ordinary temperature for 60°. Mixed acid (2300 g.) was placed 
in the nitrator and cooled to just below the reaction temperature, and toluene (160 g.) was run in, fairly 
rapidly at first till the intended temperature was reached and then more slowly to keep the temperature 
constant. After the initial warming up, the maximum variation in temperature was ±1°. The 
addition of toluene took about 30 minutes, and the reaction was continued for a further 15 minutes 
except for the — 30° nitration which was run for a total time of 4*6 hours. During the later stages of the 
reaction the bath temperature was raised gradually to keep the reaction temperature constant until, 
finally, outside and inside temperatures were almost equal. The reaction mixture was poured into 
ice- water (4 kg.), the aqueous layer was removed, and more water was added followed by ether until the 
organic layer was the lighter. The ethereal layer was washed with water till acid-free and dried 
(NajSO^), and the ether was distilled off. Traces of ether and any un-nitrated toluene were removed by 
passing a current of air through the residue heated to 100° under reduced pressure. The nitrotoluenes 
were tested colorimetrically for toluene by shaking with an equal volume of a .solution of sodium nitrite 
(2*5 g.) in 88% sulphuric acid (100 c.c.). Absence of a red colour indicates less than 0*2% of toluene 
(Dr. T K* N. Jones, private communication). 

Diniiraiion. — The apparatus was similar to that used for mononitration, except that tlie flask was of 1 1. 
capacity. It was immersed in a stirred oil-bath provided with means for heating and cooling. 
Mononitrotoluene (50 g.) was dissolved in 90% sulphuric acid (120 g.) in the nitrator at 50°. Mixed acid 
(125 g.), containing 70*0% of sulphuric acid, 21*5% of nitric acid, and 8-5% of water, was added cautiously 
from the dropping funnel. As soon as reaction had started the bath was cooled to about 30° and the 
rate of addition controlled so that all the mixed acid was added at about 50° in 30 minutes. The mixture 
was then rapidly heated to 70° and this temperature maintained for 1*5 hours. The product was washed 
thrice at 100°, each time by stirring vigorously for 16 minutes with an equal volume of water, allowing to 
settle for 5 minutes, and separating the aqueous layer. Solid which separated from the washings on 
cooling was collected and added to the main product, and the whole was dried at 100° for 3 hours. 

Trinitration. — The same apparatus was used as for dinitration. The whole of the dinitration product 
(or 65 g. in the case of 2 : 4-dinitrotoluene) was dissolved in 100% sulphuric acid (220 g.) in the nitrator 
at 100°, the oil-bath was cooled to about 97°, and the addition of mixed acid (125 g.), containing 60% of 
sulphuric acid, 40% of nitric acid, and 0% of water, was started. Reaction did not begin immediately, 
ana the addition of mixed acid was stopped after a few g. had been added until there was a noticeable 
rise in temperature. The bath was then cooled to about 80° and the rate of addition controlled to keep 
the temperature at 100°. The addition was complete in 30 to 45 minutes. Towards the end of the 
addition of mixed acid the bath temperature was gradually raised so that it was 95° at the end of the 
addition, and it was further raised to about 98° during the additional reaction time of 3*5 hours. Finally, 
the reaction mixture was poured on ice and kept overnight, and the solid was then collected. The 
trinitrotoluene was washed with water at 100°, in the same manner as the dinitrotoluene, till the acidity 
of the last wash, titrated to phenolphthalien, was equivalent to not more than 0*002 g. of sulphuric acid. 
The washed trinitrotoluene was dried for 6 hours at 100° and its setting point determined. The observed 
value was corrected for exposed stem. 

We thank the Director-General of Scientific Research (Defence), Ministry of Supply, for permission to 
publish this work. 

Armament Research Department, Fort Halstead, Kent. [Received, September 26M, 1946.] 
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172 . The Reaction of 1-Nitropropane with Formaldehyde and 

Amnumia. 

By E. L. Hirst, J. K. N. Jones, (Mrs.) S. Minahan, F. W. Ochynski, A. T. Thomas, and 

T. Urbanski. 

Products of both high and low molecular weight are formed by the interaction of 1-nitro- 
propane, formaldehyde, and ammonia. The reaction is shown to be essentially one of the type 
described by Mannicb, in which the nitropropane provides the necessary active hydrogen 
atom. Amongst the products are ring compounds of the 1 : 3-tetrahydro-oxazine and 1-oxa- 
3-azacyc/ooctane type. 

Considerable interest has been shown recently in the chemistry of the nitro-paraffins (see, 
for example, Johnson and Degenry, /. Amer, Chem. Soc., 1939, 61, 3194; Spring and Degenry, 
ibid., 1942, 64, 10G3; Senkus, ibid., 1946, 68, 11; Johnson, ibid,, pp. 12, 14) and it is oppor- 
tune to summarise work carried out during the past few years, but hitherto withheld from 
publication by reason of war-time secrecy regulations. One of the authors has previously 
shown that the large-scale preparation of nitro-paraffins was practicable (Urbanski, Rocz. Chem., 
1936, 16, 466; 1937, 17, 161; Compt. rend., 1936, 208, 620; 1937, 204, 870) and has indicated 
their use for the production of combustible resins (Urbanski, B.P. Appln. 7681, 6th June, 1942 ; 
U.S.P. Appln. 488,456, 25th May, 1943). These resinous materials were made by the inter- 
action of nitropropane, formaldehyde, and ammonia, and it was therefore of interest to investigate 
the nature of the reactions responsible for their formation. The present paper records some 
of the results obtained in a study of reactions which had not at that time been reported in the 
literature, despite the interest displayed by earlier workers [e.g., Henry; Mousset; Duden, 
Bock, and Reid ; Cerf de Mauny ; Zief and Mason) in the condensation of formaldehyde, nitro- 
paraffins, and amines. The resins obtained from 1-nitropropane, formaldehyde, and ammonia 
are basic. The precise nature of the portion of high molecular weight is still uncertain, but 
the types of linkage are indicated by the structures of the accompanying materials of low 
molecular weight and by the nature of the decomposition products of the resinous materials. 

The first stage in the series of reactions is the formation of 2-nitrobutanol (I) and 2-nitro-2- 
ethylpropane-l : 3-diol (II). Since ammonia is present, together with formaldehyde, hexa- 
methylenetetramine is also produced and this yields with (II) a molecular complex. When 
warmed in water this complex gives a resin similar to those obtained by the interaction of the 
three components. The mechanism of the reaction appears to resemble that of the Mannich 
reaction. I^Vom (II) and ammonia a base (III) is produced, and this then reacts with form- 
aldehyde, giving the JV-hydroxyraethyl derivative (IV), which on cyclisatioii gives the oxazine 
(V). No evidence for the formation of iV-methyl derivatives was obtained. Since only one of 
the hydrogen atoms in (V) can react with formaldehyde it follows that (V) cannot yield a 
polymer on further condensation, and its production in reactions designed to lead to resin 
formation is to be avoided. Under appropriate conditions, however, there may be as much 
as 30% of (V) present in the crude resin. It is an oil which can be separated by distillation 
or by precipitation of the crystalline hydrochloride, and yields with methyl iodide a crystalline 
methiodide (VI). The corresponding hydroxide decomposes when heated yielding nitrobutene 
and other decomposition products. 

If the reaction between nitropropane, formaldehyde, and ammonia was interrupted shortly 
after the nitropropane had dissolved, an oily product was precipitated on cooling. It crystallised 
slowly, and either (VIII) or (X) was formed according to the conditions of the reaction, (VIII) 
being found when 1 mol. of ammonid was used per mol. of nitropropane, and (X) when 0-6 
mol. of ammonia was u.sed. (VIII) lost formaldehyde on being warmed with concentrated 
hydrochloric acid and gave the crystalline hydrochloride of (VII), and when the latter was 
warmed with formaldehyde it passed back into (VIII). The hydrochloride of (VII) gave a 
picrate ; with sodium nitrite it gave an oily nitroso-compound which was reconverted into (VII) 
on being heated with concentrated hydrochloric acid, the presence of an imino-group being 
thus proved. The hydrochloride of (VII) when boiled in aqueous solution decomposed with 
the formation of the hydrochloride of (III), 2-nitrobutene, and formaldehyde. With aqueous 
sodium hydrogen carbonate it gave the crystalUne base (VII) which decomposed on distillation 
in a vacuum giving (V) and (I). The formation of (VII) and (VIII) can be represented as an 
example of the Mannich reaction, and the formulas suggested for these substances serve to 
explain their mode of origin and their chemical properties. 

The base (IX) gives a series of reactions similar to those of (VIII). It dissolves in cold 
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concentrated hydrochloric acid giving a hydrochloride which hydrolyses in water, regenerating 

(IX) . If (IX) is heated with dilute hydrochloric acid, 1 mol. of formaldehyde is eliminated 
and the hydrochloride of the secondary base (X) is formed. The hydrochloride of (X) when 
heated with aqueous formaldehyde regenerates the tertiary base (IX). The hydrochloride 
of (X) gave a well-defined picrate and an oily nitroso-compound which regenerated the hydro- 
chloride of (X) when heated with concentrated hydrochloric acid, indicating the presence of an 
imino-group. The hydrochloride of (X) on treatment with aqueous sodium carbonate gave 
the corresponding crystalline base which decomposed when boiled with water or on distillation 
under reduced pressure with formation of (I), 2-nitrobutene, and (V). The hydrochloride of 

(X) , on prolonged boiling with water, gave ammonium chloride, formaldehyde, 2-nitrobutene, 
and the hydrochloride of (III). The formation of (IX) and (X) and their chemical properties 
can most easily be explained by the mechanism shown in the accompanying scheme. 

Substance (V) can be obtained from the resin by distillation under reduced pressure or 
by the action of hydrochloric acid, as well as by the decomposition of the bases (VII) and (X). 
It forms a picrate and hydrochloride and an oily nitroso-derivative. The hydrochloride when 
boiled with water eliminates 1 mol. of formaldehyde -with formation of the hydrochloride of 
(III). This reaction is reversible, the hydrochloride of (III) regenerating the hydrochloride 
of (V) on crystallisation from propyl alcohol containing formaldehyde. 

The base (III), which was unstable even at room temperature, is a primary amine, since it 
gives nitrogen with aqueous sodium nitrite. The action is, however, complex since the initial 
gentle evolution of nitrogen was followed by a violent reaction in which nitrous oxide, as well 
as nitrogen, was evolved and a greenish water-insoluble oil was produced. 
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Experimental. 

Additive Compound [(C 5 Hu 04 N) 3 ,C«HiaN 4 ] of 2~N itro-2-ethylpropane-\ : Z-diol and Hexamethylene- 
tetramine. — 1-Nitropropane (1 mol., 89 g.) was added to a cold mixture of 40% formaldehyde (3 mols., 
226 c.c.) and 33% ammonia (1 mol., 69 c.c.). The mixture was stirred at room temperature until the 
nitropropane disappeared (12 — 16 hours). After some time the aqueous solution was separated from 
an oily precipitate (containing 2-nitrobutanol). The addition of sodium chloride to the aqueous solution 
salted out an oil, which solidified in fine needles (100 g.). It was the additive compound of 2-nitro- 
2-ethylpropane-l : 3-diol (3 mols.) and hexamethylenetetramine (1 mol.) ; white needles from chloroform, 
m. p. 1 17°. The additive compound is very readily soluble in water, soluble in alcohol, very slightly soluble 
in ether. It gave hexamethylenetetramine picrate, m. p. 179°, with picric acid, and hexamethylene- 
tetramine hydrochloride with hydrochloric acid. It was dissociated in solution. For example, ebullio- 
metric determination in chloroform gave M, 158 [calc, for hexamethylenetetramine, 140; for 2-nitro- 
2-ethylpropane-l : 3-diol, 149. (CjHn 04 N) 8 ,C 4 Hj 2 N 4 requires M, 687]. When heated it was converted 
into a resin. 

Another method for the preparation of the additive compound consisted in mixing concentrated 
aqueous solutions of 2-nitro-2-ethylpropane-l : 3-diol (4*47 g.) with hexamethylenetetramine (1*40 g.). 
The crystalline additive product (4*2 g.) was precipitated on standing [Found : CHjO, determined by 
the 2 : 4-dinitrophenylformhydrazone method, 30*6. (C 6 Hii 04 N) 3 ,C 4 Hi 2 N 4 requires CHjO, 30-8%]. 

Resin A. — 1-Nitropropane (1 mol., 89 g.) was heated with 40% formaldehyde (3 mols., 225 c.c.) 
and 33% ammonia (1 mol., 69 c.c.) with stirring at 90 — 95° for 16 — 30 minutes. The reaction was 
then stopped by rapid cooling (pouring on ice). An oily layer containing nitro-olefins was separated 
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by decantation. The liquor was reheated and the temperature maintained at 90 — 95® for 8 hours 
with e5&cient stirring. . 

The resin formed a separate phase which was isolated by decantation. It was washed with hot 
water and dried in a partial vacuum. By evaporation of the liquor an additional quantity was obtained 
(yield, 110—125 g.). 

Kesin B.— 2»Nitro-2-ethylpropane-l : 3-diol (1 mol., 149 g.) was mixed with 40% formaldehyde 
(1 mol., 75 c.c.) and 33% ammonia (i mol., 295 c.c.). The temperature was kept between 90® and 95® for 

10 hours with stirring. The oily product was precipitated and, after cooling, was separated from the 
liquor, washed, and dried in partial vacuum (yield, 110 g.). The resin was a colourless and odourless 
viscid liquid. 

Isolation of (V) from resins A and B. Fractionation of the resin under reduced pressure gave two 
fractions: (a) b. p. 140® (bath temp.)/0‘01 mm., wjf' 1*4720; (b) b. p. 160 — 180® (bath tenip.)/0*01 mm., 
wjf* 1*4880. Both fractions with methyl iodide gave a derivative, m. p. 218® (decomp.), identical with 
the mcthiodide of 5-nitro-3-methyl-6>ethyltetrahydro-l : 3-oxazine (VI) described below. The liquid 
air trap of the distillation apparatus contained 2-nitrobutene and a blue nitroso-derivative of unknown 
constitution. 

Isolation of (IX) by steam distillation of the resin A or B. The resin A or B (9-3 g.) was distilled in 
steam giving an oil (6 g.) which was mainly the base (V), since with methyl iodide it gave the crystalline 
methiodide (VI). The aqueous distillate was extracted with ether and then with benzene, and the 
combined extracts were dried (Na 2 S 04 ) and evaporated to a syrup (4 g.) under reduced pressure. The 
syrup crystallised on standing and, after tiling and recrystallising from benzene, H-niiro-B-ethyl-S- 
{2-nitro-2-hydfoxymeth'vlbuiyl)ietrakydro~l:*i-oxazine (IX), m. p. 101®, was isolated (Found: C, 45*4; 
H, 7-2; N, 13-9. Cu'HwOeNa requires C, 45*4; H, 7*2; N, 14-4%). 

Preparation of the Bases (VIII) and (IX). — l-Nitropropanc (1 mol., 89 g.) was mixed with 40% 
formaldehyde (3 mols., 225 c.c.) and 33% ammonia (1 mol., 59 c.c.) and heated with stirring during 

11 hours at 90 — 95°. The hot solution was then poured into ice-water. The oily precipitate crystal- 
lised on standing (after ca, 2 weeks), yielding crystals of 5 : l-dinitro-Z-hydroxymethyl-6 : 1-diethyl-l- 
oxa~2-azacyc\ooctane (VIII). Recrystallised from ether and then from chloroform or from benzene- 
light petroleum, it gave white needles, m. p. 97® (yield, 15 — 20 g.). It was soluble in hot water, 
cold ether, alcohol, acetone, add benzene, insoluble in light petroleum. It was less soluble in chloro- 
form than (IX). Mixed with (IX) it gave considerable depression of m. p. (70 — 73°) [Found : C, 45*3 ; 
H, 7-0; M (ebulliometrically in benzene), 280. CnHgiO^Ng requires C, 45-4; H, 7*2%; M, 291]. 

The base (VIII) gave with cold concentrated hydrochloric acid the hydrochloride, m. p. 174® 
(Found: C. 40*1; H, 6*7; N, 12*1; Cl, 10*9. CnHgiOgNg.HCl requires C, 40*3; H, 6*5; N, 12-8; 
Cl, 10*8%). This hydrochloride hydrolysed in cold water yielding the free base (VIII). On being 
warmed with concentrated hydrochloric acid the hydrochloride lost one molecule of formaldehyde 
and wa.s converted into the hydrochloride of hydroxymethyl- 2 : 4-dinitro-4-hydroxymethyl-2-ethyl- 
hexylamine ( VIJ ), m. p. 179° (Found : CHgO, 10*9. Loss of 1 mol. of CHgO requires 10*3%). It depressed 
the m. p. of the hydrochloride of (VIII), This hydrochloride of (VII) was insoluble in ether, benzene, 
and chloroform, readily soluble in water and hot alcohol, sparingly soluble in cold alcohol. It recrys- 
tallised from alcohol in the form of small plates, m. p. 179° (decomp.) (Found: C, 38*4; H, 7*1; 
N, 12'4; Cl, 1 1*2. CioH 2 iO<,N 3 .HCl requires C, 38*0; H, 6*7 ; N, 13*3; Cl, 11*3%). On being heated 
with concentrated aqueous formaldehyde it gave an oil, which was extracted with ether; the dried 
extracts were evaporated in partial vacuum to a syrup, which crystallised slowly. After standing the 
crystals were triturated with ether and filtered. Recrystallisation from benzene gave the pure base 
(Vlll), m. p. and mixed m. p. 97°. The hydrochloride of (VII) reacted with sodium nitrite and gav^ 
an oily nitroso-derivative soluble in ether. The latter regenerated the hydrochloride of (VII) on treat- 
ment with concentrated alcoholic hydrogen chloride. 

The hydrochloride of (VII) was dissolved in alcohol and aqueous picric acid was added. The pale 
yellow picrate of (VII) was precipitated, m. p. 154® (Found : C, 38*2; H, 4-8; N, 16*4. CieHa^OjsNg 
requires C, 37*8; H, 4*7 ; N, 16*6%). The picrate was unstable and could not be recrystallised from 
water. 

The hydrochloride of (VII) (1*46 g.) was dissolved in water, and sodium hydrogen carbonate and 
ether were added. The syrupy base (1*33 g.) was isolated on evaporation of the solvent. The base 
(VII) (1*33 g.) on distillation under reduced pressure gave a fraction (0*74 g.), wjf* 1*4670, b. p. 140° 
(bath temp.)/0*01 mm., and a still residue (0*36 g.). The volatile fraction consisted of the base (V) and 
2-nitrobutanol. These were separated by dissolving the base in the calculated quantity of hydro- 
chloric acid. The 2-nitrobutanol (I) was then extracted with ether. The base (V) was characterised 
by its hydrochloride, m. p. 203° (decomp.), and picrate, m. p. 153°, not depressed on admixture with 
an authentic specimen. 

The hydrochloride of (VII) (888 mg.) was dissolved in water and the solution boiled. Decom- 
position occurred and formaldehyde and 2-nitrobutene distilled. The aqueous solution remaining in 
the flask was evaporated to dryness under reduced pressure and the residue (616 mg.) was triturated 
with acetone and filtered. The residue (68 mg.) was ammonium chloride. The acetone solution was 
evaporated to a syrup and triturated with ether; the hydrochloride of the base (III), m. p. 126® (see 
below), then crystallised. The aqueous distillate contained formaldehyde (Found : 9% ; 1 mol. 
requires 9*6%) and 2-nitrobutene (characteristic odour, absorption of bromine, polymerises with 
alkali). 

Preparation of (IX). — 2-Nitro-2-ethylpropane-l : 3-diol (1 mol., 149 g.) was heated with 40% form- 
aldehyde (1 mol., 75 c.c.) and 33% ammonia (J mol., 26 c.c.) at 95 — 96® for ca, IJ hours. The product 
(IX) was isolated by pouring into ice-water. It recrystallised from ether, chloroform, or benzene- 
^ Af (ebullio- 

resin in cold 
^as extracted 


ugnt perroieum m long neeaies, ra. p. xieia, ou g. [Jt^ouna : u, 40*o ; n, 7*u ; JN, 14*5 ; 

metrically in benzene), 285. Calc, for : C, 46*4; H, 7*2; N, 14*4%; M, 291] 

A simple method of isolating the base (IX) firom the resin B consisted in dissolving the 
hydrochloric acid. The solution was poured on ice. The resinous substance precipitated v 
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with ether, the extrawsts were dried and the ether was evaporated. The residue solidified into crystals 
of (IX), m. p. and mixed m, p. 98®. 

The base (IX) reacted with cold concentrated hydrochloric acid, yielding the hydrochloride, m. p. 156® 
(Found : C. 40-4; H, 6*8; N, 12*6; Cl. 10-6. CuH^O.Na.HCl requires C, 40 3; H, 6-5; N, 12-8: 
Cl, 10’ 8%). The same product was obtained by passing hydrogen chloride through a solution of the 
base (IX) in chloroform or carbon tetrachloride. It is insoluble in ether or chloroform, soluble in 
alcohol. On dissolving in water it hydrolyses giving the free base (IX), m. p. 101® (Found : C, 45T; 
H. 7-3; N, 13-3%). 

Hydrochloride of (X) . — The base (IX) or its hydrochloride, when heated with concentrated hydro- 
chloric acid, lost a molecule of formaldehyde and was converted into the hydrochloride of bis-2-nitro-2- 
hydiroxymethylbutylamine (X) (Found : CHaO, 10*3. Loss of one mol. of CHgO requires 10*3%). The 
hydrochloride separated in plates or needles from absolute alcohol, m. p. 186® (Found: C, 38*0; H, 6-8; 
N, 12*7; Cl, 11*2. Ci^HaiOflNj.HCl requires C, 38*0; H,6*7 ; N, 13-3; Cl, 11*3%). On warming an aqueous 
solution of the hydrochloride with formaldehyde solution (40%) an oil separated and was extracted 
with ether. The extract was dried (NaaS 04 ) and the ether removed ; the base (IX) then crystallised. 

M. p. and mixed m. p. [with base (IX)] 99°. 

The hydrochloride reacted with sodium nitrite solution giving the nitroso-derivative which separated 
as an oil. It was extracted with ether and the dried extracts were evaporated under reduced pressure. 
Concentrated hydrochloric acid reconverted it into the parent hydrochloride of (X), m. p. and mixed 
m. p. 186®. 

Isolation of the Base (X). — The hydrochloride of (X) was dissolved in a minimum amount of water, 
and ether and excess of sodium hydrogen carbonate solution were added. The ethereal layer was 
separated and the aqueous solution extracted twice with ether. The combined extracts were dried 
(NajSOJ and evaporated under reduced pressure to a syrup, which crystallised on trituration with a 
little ether. The compound separated in a good yield as a white crystalline solid, and was recrystallised 
from ether-light petroleum, m. p, 54® [Found : C, 43T ; H. 7-5; (OH), 11*8. CioHia 04 N 3 (OH )2 requires 
C, 42*9 ; H, 7*5 ; (OH), 11*3%]. The picrate, after recrystallisation from water, had m. p. 148° (Found : 
C, 37-8; H. 5-1; N. 16-7. CieH240„Na requires C. 37-8 ; H, 4*7; N, 16-6%). 

On boiling an aqueous solution of the base (X) two molecules of formaldehyde were liberated (Found : 
CH 2 O, 19%. Two mols. of CHgO require 21-6%). On distillation under reduced pressure, the base 
(X) (1*4 g.) gave a fraction (0*9 g.), b. p. 140® (bath temp.)/0-01 mm., 1-4666, containing basic 
material, and a still residue (unchanged material). With alcoholic hydrogen chloride the distillate 
gave the crystalline hydrochloride (V), m. p. 202®. Titration with dilute hydrochloric acid showed that 
some of the distillate was neutral and not soluble in acid. After neutralisation the solution was there- 
fore extracted with ether and the extracts were distilled under reduced pressure giving a fraction (0-3 g.), 
b. p, 120® (bath temp.)/0 01 mm., 1*4438. This was 2-nitrobutanol, nJJ* 1*4430. 

The hydrochloride of (X) (385 mg.) was dissolved in water and heated at 93° for 12 hours. The 
solution was then evaporated under reduced pressure and the residue (202 mg.) was triturated with 
acetone. The insoluble material (18 mg.) was identified as ammonium chloride. The acetone solution 
on evaporation gave a crystalline solid, m. p. 126®. This was the hydrochloride of (III). The aqueous 
distillate was extracted with ether and the formaldehyde estimated in the aqueous solution (Found : 
CHgO, 7. One mol. requires 9*3%), The ethereal extract on evaporation left an oil (10 mg.) which 
had the reactions of 2-nitrobutene. On heating the hydrochloride of (X) with sodium hydroxide 
solution and then adding acid and distilling, two molecules of formaldehyde were eliminated (Pound : 
CHgO, 18-0. 2 mols. of CHgO require 19-0%). 

Action of Concentrated Hydrochloric Acid on Resin A. — {a) The resin dissolved in concentrated hydro- 
chloric acid with evolution of heat. The solution was then evaporated under reduced pressure to a 
syrup. On standing, crystals separated. They were fractionated into hydrochlorides of (V), (VII), 
(X), and (IV) by the differences of their solubilities in alcohol and ether. The hydrochloride of (V) is 
less soluble than that of (X), which in turn is less soluble than that of (VII). The most soluble is the 
hydrochloride of (IV). The yields varied, (IV) being obtained in the greatest proportion (up to 30% 
by weight of the resin). (VII) was not obtained from Resin B. 

(6) The resin was dissolved in chloroform (or alcohol) and hydrogen chloride bubbled through the 
solution. The gas was strongly absorbed, the colour of the solution changed from light yellow to deep 
orange, heat was evolved, and an evolution of formaldehyde occurred. At first a thick emulsion 
appeared, which then crystallised. The crystals were separated and washed with chloroform and ether. 
Hydrogen chloride was again passed through the filtrate and a second crop of crystals was formed and 
separated. This was repeated several times and finally several fractions were collected, representing 
the hydrochlorides of the four bases mentioned above. Yield, 80 g. from 100 g. of Resin A, 

The hydrochloride of 6-nitro-6-ethyltetrahydro-l : 3-oxazine (V) was isolated in the form of white 
crystals, insoluble in ether, benzene, and chloroform, readily soluble in water and alcohol, m. p. 203® 
(decomp.) (Found: C, 36*8; H, 6*5; N, 13*9; Cl, 17-9. CeHi 203 N 2 ,HCl requires C, 36-7; H, 6-6; 

N, 14*2; Cl, 18*1%). Sodium nitrite converted it into an oily, pale yellow nitroso-derivative, soluble 
in hot water, insoluble in cold water, and volatile with steam. It was not decomposed on boiling with 
water. It distilled under reduced pressure, b. p. 130° (bath tcmp.)/0*01 mm., wfi®* 1-5000. The free 
base (V) was prepared from the hydrochloride (2*15 g.) by the action of sodium hydrogen carbonate and 
extracrion with ether. Yield, 1*8 g. It is an oily liquid insoluble in water, n^* 1-4873 [Found : C, 
45*4; H, 7*5; Af (Rast), 162. CeH„OaN, requires C, 45-1 ; H, 7-5% ; M. 160]. The hydrochloride 
with aqueous picric acid gave a pale yellow picrate, m. p. 156° (Found : C, 36-8; H, 4-0; N, 18-0. 
CiaHnOtoN, requires C, 37*0; H. 3*8; N, 18*0%). 

Preparation of (VI). — ^The base (V) (2 g.) by the action of methyl iodide gave the crystalline meth- 
iodide (VI), m. p. 218° (decomp.). Yield, 1*6 g. It can also be prepared directly from the resin. The 
resin (3*028 g.) was dissolved in methyl iodide and the solution warmed. After 12 hours the crystals, 
which had separated, were triturated with acetone, filtered off, and dried. Yield, 0*7 g. It was 
recrystallised from methyl alcohol ; m. p. 218° (decomp.) (Found : C, 30*6; H, 6-3; N, 8-4; I, 39*7; 
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NO,. 16-4. C,Hi,0,N,I requires C, 30-4: H. 5-4: N, 8-9 ; I, 40-2: NO,, 14-6%). With picric acid it 
gave the corresponding picrate, m* p. 210*’, after recr3rstalIisation from water (Found : C, 40-4; H, 4*5 ; 
N, 16*8. requires C, 40*4; H, 4*1; N, 16*8%). 

An aqueous suspension of silver oxide (10 g.) converted the methiodide (1*776 g.) into the hydroxide 
of (VI) (1*2 g.) which, on distillation, decomposed violently, giving various liquid and gaseous 
products. The distillate was strongly alkaline and had a pronounced odour resembling that of 
methylamine. Addition of picric acid to a solution of the gaseous products absorbed in dilute hydro- 
chloric acid gave a pale yellow picrate soluble in water and alcohol and almost insoluble in dilute hydro- 
chloric acid ; m. p. 166®. It was identified (by mixed m. p.) as dimethylamine picrate. The liquid 
distillate contained an aldehyde or ketone, which formed a 2 ; 4-dinityophenylhydrazone, m. p. 166® 
(Found : C, 49*8 ; H, 4*2 ; N, 21*6. CHH14O4N4 requires C, 49*6 ; H, 6*3 ; N, 21*1%), and a base, which, 
with methyl iodide, gave a derivative, m. p. >300®. 

Decomposition of the Hydrochloride 0^ (V). — ^When the hydrochloride of (V) was boiled with water, 
formaldehyde (1 mol.) was evolved (Found: CHjO, 14*1. 1 mol. of CH2O requires 15*2%). On 

evaporation of the aqueous solution, the hydrochloride of 2-nitro-2-hydroxymethylbutylamine (III) 
remained. It is a crystalline solid, very soluble in alcohol, acetone, and water, sparingly soluble in 
ether, m. j). 126° , and is the final product of decomposition of the more complex bases (VIII), (X), 
(V), and (VII). No crystalline picrate or methiodide could be prepared. It was recrystallised from 
propyl alcohol; m. p. 126° (Found: C, 32*6; H, 7*0; N, 14*1; Cl, 19*6. C.HijOoNg.HCl requires 
C, 32*7; H, 6-8; N, 15*2; Cl, 19*3%). 

The hydrochloride of (III) (1 g.) reacted with the calculated quantity of sodium nitrite dissolved 
in water (5 c.c.). A colourless gas was evolved, briskly at first and then more slowly; the solution 
became slightly milky and heat was evolved. Total volume of gas at N.T.P., 146 c.c. (Found : Nj, 
67*6; NO, 1*8; NjO, 24*1; COa, 5*5; CO, 1*0%). This reaction occurred, if only 0*26 mol. of sodium 
nitrite was added. Addition of urea failed to prevent the second part of the reaction from occurring, 
once nitrogen had been evolved. The yellow-green oil which separated had an odour resembling that 
of diazomethane. The oil (0*43 g.) was extracted with ether and distilled ^under reduced pressure. 
Much decomposition occurred and a yellow acidic oil (0*1 g.) passed over, w},®* 1*4700. b. p. 140° (bath 
temp.)/001 mm. (Found: C, 45*6; H, 7*4; N, 8*9%). Formaldehyde was liberated on boiling the 
hydrochloride of (III) with sodium hydroxide (Found : CH^O, 11. One mol. requires CHgO, 16*2%). 

The oily base (III) was obtained by ethereal extraction of a solution of the hydrochloride made 
alkaline. Kvaporation of dried extracts under reduced pressure gave a syrup which evolved ammonia 
on standing with formation of crystals. The crystals were basic, in. p. 98° depressed on admixture with 
(Vni) or (IX) (Found: C. 39*1; H, 7*1; N, 13*1. requires C, 40*4; H. 7*7; N. 13*5%). 

This crystalline substance gave no test for primary or secondary nitro-groups. It was insoluble in 
ether. It gave ammonia with alkalis, whilst with concentrated alcoholic hydrogen chloride it gave 
formaldehyde and the hydrochloride of (III), m. p. 126°, 

A sample of the mother liquor, after removal of the crystalline derivative, m. p. 98°, gave with 
ooncentrated hydrochloric acid a mixture of the hydrochloride of (V), m. p. 203° (decomp.), and the 
hydrochloride of (111), m. p. 126°. After removal of the base (III) by ether extraction, the mother 
liquors, on heating, gave an oily base with a piperidine-like odour. This was extracted with ether and 
the dried extracts were evaporated. The strongly alkaline oil (10% yield calculated on the weight 
of hydrochloride) was distilled under reduced pressure ; b. p. 160°/16 mm., 1*4862 (Found : C, 46*8 ; 
H, 81; N, 20*4. C10H20O4N4 requires C. 46*2 ; H, 7*7 ; N, 21*6%). The oil gave no crystalline picrate 
or methiodide. The oily methiodide contained 34*8% of iodine. 

Characteristic Reaction for Bases (VIII) and (IX) and their Derivatives (VII) and (X). — The substance 
[(VllI), (IX), (VII), or (X)] was shaken with bromine dissolved in carbon tetrachloride; alcohol was 
added to produce a clear solution followed by the addition of alcoholic potassium hydroxide. The 
solution lost its bromine colour and became pink-red. The addition of a drop of acid deepened the 
colour but excess changed it to yellow. Addition of potassium hydroxide brought back the red colour. 
The base (V). its methiodide (VI), and the base (III) did not give this reaction. 

Our thanks are due to Professor J. E, Lennard- Jones, F.R.S., Chief Scientific Officer, Ministry of 
Supply, for permission to publish this paper. 

Ahmament Research Department, Royal Arsenal, Woolwich. 

The University, Bristol. {Received, October m , 1946.] 


173 . Some Catalysed Oas-pltase Beadions of Aromatic Hydrocarbons. 
Part I. The Interaction of Benzene with Mdhyl Ether. 

By P. H. Given and D. Ll. Hammick. 

Methyl ether interacts with benzene at 400 — 500° in the presence of metal oxide catalysts to 
give toluene and polymethylbenzenes. The most effective catalysts are of the synthetic alumino- 
silicate type. The reaction has been investigated under various conditions of temperature, con- 
tact time, etc. ; the gaseous products have been determined. Under the optimum conditions 
for the reaction, 12 — 15% (moles) of toluene per pass is formed, or 36 — 50% calculated on the 
benzene consumed ; the total methylation (on benzene consumed) is about Wastage 

,oftherectantsislow. /o ^ 6 

The results obtained are conipared with those of previous work, and the nature of the 
reaction is briefly discussed. 
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The various known methods for alkylating aromatic hydrocarbons in solution, e.g., the Friedel- 
Crafts reaction and its modifications, have been thoroughly investigated (see, e.g., Calloway, 
Chem. Reviews, 1936, 17, 327; Linstead, Ann, Reports, 1937, 34, 254); they have been very 
widely applied, and their mechanisms have been elucidated. In recent years, several processes 
for the production of certain alkylbenzenes in the gas phase have been reported, but gas-phase 
alkylation as a general method has not been investigated nearly so extensively as the correspond- 
ing reaction in solution, and available data on the reactions which have been studied are limited 
in scope. 

The catalytic ethylation of benzene by means of ethanol or ethylene in the gas phase is a 
reaction now widely used in the United States in the manufacture of ethylbenzene (and hence 
styrene) for the production of plastics and synthetic rubber (Anon., Oil and Gas 1942, 41, 
No. 13, 14), Kieselguhr, impregnated with phosphoric acid, and aluminium silicates are suitable 
catalysts (see, e.g., Standard Oil Co., U.S.PP. 2,238,694, 2,390,211, 2,067,764; Ipatieff and 
Schmerling, Ind. Eng. Chem., 1946, 38, 400; Pardee and Dodge, ibid., 1943, 36, 273). Other 
olefins, such as propene and the butenes, or alcohols or ethers which can give rise to them, have 
been used in similar processes (see Universal Oil Co., B.P. 464,752, 1935; Ipatieff, Pines, and 
Schaad, ], Amer, Chem. Soc., 1944, 66, 816). 

The particular case of methylation is of interest, since tlie reaction cannot proceed by way 
of an olefin. Methanol, methyl ether, and methyl chloride have been used as methylating agents 
in gas-phase reactions. For instance, Jenkins (B.Sc. Thesis, Oxford, 1940) observed that when 
benzene and methanol were passed over bauxite heated to 400°, about 2% of toluene was formed, 
together -vyith much methyl ether and water. (Other published work is reviewed, and con- 
sidered in relation to the present work, below, under “ Discussion. "’) It is well known that 
methanol is rapidly converted into methyl ether and water in the presence of certain metal oxide 
catalysts : 2CH3-OH = (CH3)20 -f- HjO (see, e.g., Adkins and Perkins, /. Physical Chem., 
1 928, 32, 22 1) . Hence, when benzene and methanol vapours are led over a catalyst, it is uncertain 
whether the alcohol or the ether is the actual reactant. 

Our experiments confirm that methyl ether interacts with benzene in the presence of catalysts 
to give methylbenzenes, and show that water is one of the reaction products. We find that, under 
the conditions we have employed, the ether is a more effective methylating agent than the alcohol. 
We obtain yields of toluene comparable with those claimed by previous workers (see ]>. 933), 
viz., 16% (moles) per pass, and 36 — 60% on the benzene consumed, the total methylation (on 
benzene consumed) being about 70%. (Here and throughout the paper, all yields arc given as 
moles %.) The wastage of methyl ether is 10 — 16% per pass. 

In the present communication we present a study of the interaction of benzene and methyl 
ether. A number of catalysts have been examined, and the reaction investigated under various 
conditions of temperature, contact time, etc. The gaseous products of the reaction have been 
determined. Subsequent communications will describe the isomeric composition of the poly- 
methyl derivatives formed in the methylation of benzene and its homologues, and also the 
methylation of thiophen and pyridine. Certain catalytic rearrangements and cracking reactions 
undergone by the aromatic compounds will also be reported later. 

Experimental. 

The vapours of benzene and methyl ether were led at known and constant rates through an electrically 
heated horizontal Pyrex tube containing the catalyst. The liquid products were analysed by fractional 
distillation in a Podbielniak still, and gaseous products were collected and also analysed, 

1. Materials. — Benzene. ** AnalaR *’ Benzene was purified by crystallisation, and distillation from 
phosphoric oxide; n^* 1-6007 — 1-5010, m. p. 5-4°, 

Methyl ether. This was prepared by passing methanol over alumina at 375°, and collected in sulphuric 
acid. The ether was regenerated by running the sulphuric acid solution into water, and was dried, 
liquefied by coohng, and poured into a cylinder while cold. A needle valve was then screwed into the 
cylinder. 

Catalysts. Three naturally-occurring materials have been used as catalysts, viz., two specimens of 
bauxite, and a Scottish bauxitic clay. Two further catalysts were made by extraction of the bauxitic 
clay with acids to reduce, first, the alumina (Silica “ O *’), and secondly, the titania content (Silica “ T **). 
The analyses were as shown in Table I. 

Alumina A . Activated alumina, supplied by Peter Spence, Ltd. 

Alumina B. ** Special activated alumina supplied by Peter Spence, Ltd. 

Alumina C. Prepared by running 8% sodium hydroxide solution into 36% aluminium nitrate 
solution at 66 — 66°; 8/14 mesh. 

Alumina D. Prepared by precipitation of aluminium nitrate solution with ammonia, by the method 
of Adkins and Krause (/. Amer. Chem. Soc., 1922, 44, 385). 

Alumina E. Supplied by I.C.I. Ltd. ; screened 10/18 mesh. 

Ferric oxide. Prepared in the same way as Alumina C. 

3p 
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Loss on ignition, % 



Table I. 

Natural 


Bauxite 

Bauxite 

alumino- 

Silica- 

Silica 

A,i 

B.» 

silicate.® 

O*'.® 


22-7 

21-7 

7 

0-78 

0-92 

36-6 

67-9 

41—42 

7-44 

2*11 

30-9 

0*96 

48 

85*95 

92*06 

6-9 

7T7 

1 

0*27 

0*27 

4*3 

2-83 

1—2 

4*04 

2*62 


1 Traces of Cr, Mn, and SO4"; analysis made by I.C.I. Ltd. 

* Trace of Mg ; analysis by Dr. Hartley, Inorjganic Chemistry Laboratory, Oxford. 

• The materials and their analyses were supplied by Messrs. Peter Spence Ltd. ; all three had been 
heated to 600® before analysis. 


Titania gel. Titanium tetrachloride was run slowly into excess of 10% ammonia. 

Silica gel, basic aluminium pJiosphate, boron phosphate, and thoria gel. Supplied by I.C.I. Ltd. 

Chromic oxide gel. A dilute solution of chomic mtrate was precipitated at 78 — 84® with 1 7 % ammonia 
solution. 

Zinc oxide gel. Zinc chloride solution was precipitated with sodium hydroxide solution (see Adkins 
and Millington, J. Amer. Chem. Soc., 1929, 61, 2452). 

Nickel -alumina. A method of Balandin and Rubinstein {Z. physikal. Chem., 1936, B, 31, 793) was 
used. Sufficient 10% sodium hydroxide was run into 0*25M-aluminium nitrate solution just to redissolve 
the precipitate first formed. An equivalent quantity of nickel nitrate in O-SM-solution was run in with 
stirring. After being washed, filtered off, and dried, the product was reduced in hydrogen at 320 — 340®. 

Mixed oxide-silica catalysts. The following mixtures of silica with other oxides were prepared by 
Dr. W. Cule Davies, of Peter Spence Ltd., by precipitation of sodium silicate solution with an appropriate 
salt : AlaOj-SiOa, 3 : 1. 1 : 1^ 1 : 2, 1 : 4 ; CraOg-SiOa, 1:2; TiOa-SiO^, 1:2; BeO-SiO*, I : U 

Except where otherwise stated, all materials were screened 4/8 mesh. 

2. Apparatus . — The rate Of flow of methyl ether was measured with a flow-meter ; this was calibrated 
for rates of flow of 0 — 40 g. (0 — 20 1.) per hour by absorption in concentrated sulphuric acid and weighing 
the methyl ether passed in a known time for a known deflection of the flow-meter. The gas was freed 
from water, carbon dioxide, and methanol by passing through a long tube packed with soda-lime and 


calcium chloride. 

The benzene was vaporised in a Dewar vessel by heating electrically with a small element immersed 
in the liquid (principle suggested by Adkins, /. Amer. Chem. Soc., 1922, 44 , 2175). Since the insulation 
provided by a Dewar vessel is not perfect, the apparatus had to be calibrated directly. Benzene could 
be vaporised conveniently at rates of 15 — 100 g. per hour. 

The vapours were mixed, preheated, and injected into the catalyst chamber, a Pyrex tube 2*9 cm. 
in diameter ; the catalyst column in the evenly heated section of the furnace was 84 cm. long. The tube 
was heated in an electric furnace whose temperature could be kept constant i2® by suitable adjustment 
of a rheostat. The temperature was measured with a thermocouple and millivoltmeter. The charge 
of catalyst was 200 — 460 g., depending on its bulk density. 

The liquid reaction products were collected, separated from water, dried and analysed by fractional 
distillation. 

Podbielniak still used in analysis. Analyses of the liquid products of reaction were made by means of a 
Podbielniak-type still (column of 0*55 cm. internal diameter) ; this enabled benzene and its homologues 
to be separated without difficulty. For instance, 1*5 c.c. of toluene in 20 c.c. of benzene could be de- 
termined with a maximum uncertainty of OT c.c., and larger samples were analysed with corresponding 
or greater accuracy. 

Gas analyses. These were performed with the standard Bone and Wheeler apparatus. As absorbents, 
86% H2SO4, 20% KOH, 20% oleum, and alkaline pyrogallol were used for methyl ether, COj, C2H4, 
and Og respectively , Hg and CO were determined by combustion in a copper oxide pipette, and paraffins 
by explosion. 

3. Method of Working. — Before use, each catalyst was heated to 600® in a stream of nitrogen ; it was 
then repacked in the tube to ensure that no apppeciable space was left above the solid catalyst. Benzene 
and methyl ether were passed over the heated catalyst at known rates and for a known length of time. 
The liquid products (50 — 1 00 c.c.) were collected, separated from water, and analysed by fractional 
distillation. The gaseous products were led through a trap cooled in a freezing mixture of ice and salt 
(to remove benzene vapour) before collection. 

It was found that the activity of the catalysts fell with continued use ; hence they were re-activated 
as necessary by heating in a stream of oxygen for 1 — 2 hours at 500® (oxides such as CrgO, which are 
oxidizable were not so treated) . 

Results. — 1. Search for active catalysts. As a primary step, methyl ether Was passed with benzene 
over a heated sainple of the specimen of bauxite used by Jenkins {loc. cit.) in his experiments with benzene 
and methanol. The yield of toluene was small (3 — 6% per pass), although greater than that obtained 
by Jenkins. Therefore a search for more active catalysts was undertaken. 

(i) A preliminary survey of the effect of catalysts on the rate of production of methylbenzenes was 
carried out in an apparatus of the type used for studying the kinetics of gaseous reactions. Methyl ether 
was found to be strongly adsorbed on the catalysts examined, and to undergo faster and more complex 
decomposition than the homogeneous reactions in the gas phase (cf. Hinshelwood and Askey, Proc. Roy. 
Soc., 1927, A, 116, 215; Staveley and Hinshelwood, 1937, 1568). By comparing the pressure- 
time curves, and the analyses of the gaseous products, obtained wheh pure methyl ether, and ether plus 
benzene, were admitted to the apparatus, a qumitative series of catalytic activities was obtained . Alumina 
B, C, D, and E, ferric oxide, titania, silica, thoria, chromic oxide, zinc oxide, and nickel-alumina 
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appeared to be ineffective as catalysts. Alumina A, basic aluminium phosphate, and boron phosphate 
were deemed worthy of further study. 

(ii) The search was continued by the flow method described above. In all cases the criterion of the 
activity of a catalyst was the yield of toluene (moles of toluene as percentage of moles of benzene passed) 
under the following standard conditions : Vol. of packed catal]^t space, 600 c.c. ; temp. 460® ; rate of 
flow of benzene, 42 g. per hour; of methyl ether, 12 g. per hour; molar ratio, benzene to ether, 1-8; 
contact time of benzene 30 secs. ; space rate of flow of benzene about 0T6 c.c. of liquid per hour per 
volume of catalyst. It may be noted that the yield of polymethylbenzene was in all cases less than that 
of toluene. The average yields under the above conditions are given below in Table II. 


Table II. 


Yield of toluene 


Catalyst. (moles %). 

Bauxite A 4*0 

Bauxite B 0*5 

Alumina A 1*5 

Silica 0*6 

Boron phosphate 2*0 

Basic aluminium phosphate 2*7 

Bauxitic clay 4*6 

Alumina-silica 3:1 6*2 


Catalyst. 
Alumina-silica 1 : 1 
„ 1 : 2 
„ .,1:4 

Chromic oxide-silica 

Titania-silica 

Beryllia-silica 

Silica “ O 

Silica 


Yield of toluene 
(moles %). 
11*3 
13*0 
13*6 
1*7 
5*2 
6*7 
6*5 
0*8 


The plot of yield of toluene against percentage of silica for the alumina-silica mixtures is reproduced 
in the figure. 



Yields of toluene as a function of composition of alumina-silica mixtures. 


The mixtures of silica and other oxides are evidently the most effective catalysts, and the 1 : 4 mixture 
was adopted for all fur^er work. 

3. More detailed investigation of the reaction on alumina-silica catalyst (1 ; 4). Some experiments 
were made to determine the effect on the reaction between benzene and methyl ether of varying the 
reaction conditions. The alumina-silica (1:4) catalyst was used throughout. 

(i) Rate of flow of reactants. The yield of toluene was surprisingly insensitive to variations in the 
time of contact with the catalyst (see runs 179, 178, 181 in Table III), 
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Table III. 


Catalyst : Alumina-silica 1 : 4. 


Run. 

Temp. 

Rate of flow (g./hr.). 

Benzene. Ether. 

Molar ratio, 
C,H,/C4 H,oO. 

Percentage yields of 

Toluene. Xylene. Higher. 

179 

450® 

15-5 

7*5 

M 

12*1 

4*3 

4*1 

178 

450 

420 

22*9 

1*1 

12*3 

3*8 

3*0 

181 

450 

80'0 

47*5 

1*1 

11*0 

3*3 

3*8 

174 

450 

420 

7*2 

3*4 

8*5 

— 

— 

176 

450 

42*0 

16-6 

1*6 

13*2 

4*8 

2*7 

184 

450 

420 

30*0 

0*83 

130 

3*3 

6*1 

186 

400 

38*5 

22*9 

1*0 

9*1 

2*0 

3*5 

187 

400 

38*6 

12*5 

1*9 

8*4 

1*9 

2*9 

192* 

500 

38*6 

12*0 

1*9 

17-3 

4*9 

2*2 

193 

500 

25*5 

22*7 

0*65 

15*0 

5*9 

3*2 

194 

500 

27*2 

12*0 

1*3 

15*5 

4*0 

3*2 


♦ First use of new batch of catalyst. 


(ij) Ratio of benzene to ether. It is seen from Table III (runs 174, 176, 184; also 186, 187) that when 
the rate of flow of benzene is kept constant, an increase in the molar ratio benzene : ether causes only 
a slight decrease in the yield of methylated products. 

(iii) Temperature. The results of experiments at 400® and 500® are given in Table III (runs 186, 
187, 192—194), The yields are not markedly temperature-dependent. Experiments over a wider 
range of temperatures were performed with Bauxite A as catalyst (300 — 500®). The yield of toluene fell 
off from 4-0 at 450° to 2-4 at 400®, 1’6 at 350®, and 0*6 at 300®. 

(iv) Wastage of reactants, and yields calculated on benzene consumed. In Table IV some repre- 
sentative figures for the recovery of unchanged benzene are given in col. 3 ; in col. 4, 5, and 6 are given 
the yields of methylated products calculated on the benzene consumed, i.e., input of benzene less 
recovered benzene. The total methylation is given in col. 7, the total methylation calculated on the input 
of benzene in col. 8, and in col. 9 is shown the loss of benzene, i.e,, the defect from 100% of the sum of the 
total methylation (calculated on input) and the benzene recovered. 


Table IV. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 







Total 

Total 

% 



CeHe 

Percentage yields of 

methyln. 

methyln. 

Loss 



recovered. 





on 

on CeHg 

of 

Run. 

Temp. 

O/ 

/o- 

Toluene. 

Xylene. 

Higher 

recovered. 

input. 

CeH^. 

172 

450® 

68 

46*3 

16*4 

00 

70*7 

22*5 

9*6 

176 

450 

71 

46*3 

16*6 

9*4 

71*3 

20*7 

8*3 

186 

400 

68 

28*1 

6*4 

10*9 

45*4 

14*6 

17*4 

189 

600 

73 

61*1 

13*7 

5*2 

70*0 

19*2 

7*8 

192 

600 

65 

49*6 

14*0 

6*2 

69-8 

24*4 

10*6 


The wastage of methyl ether per run is estimated below\ 

4. Some general observations on the reaction of benzene with methyl ether. The products of reaction 
were in all cases pale yellow or orange liquids with a green fluorescence, and contained water (see below) . 
The polymethylbenzenes collected from a large number of runs were found on distillation to contain a 
small quantity of material boiling above hexamethylbenzene (the polymethylbenzenes will be dealt 
with more fully in a subsequent communication) ; this amounted to about 1% of the yield of methylated 
products, and was possibly a mixture of diphenyl derivatives. Apart from this (and water), no other 
products than methylbenzenes were detected, except in the methylation of benzene on the beryllia- 
silica catalyst when methanol was formed, in amount roughly equivalent to the toluene produced. 
The methanol was separated as its azeotrope with benzene, and characterised by means of its 3 : 6-di- 
nitrobenzoate (m. p. 107®). A certain amount of carbon deposition was observed on all the catalysts. 

As already noted, catalysts were reactivated when necessary by heating to 500° in a stream of oxygen 
for 1 — 2 hours. The activity of the most active catalyst, alumina-silica (1:4), decreased appreciably 
vnth continued use, in spite of reactivation ; for instance, comparable figures for total methylation 
(at 600°) are ; on a fresh batch of the material, 24% ; on one which had been used in 20 previous runs 
(i.e., ca. 800 g. of benzene had passed over it), 19%. 

6. Cse of methanol as a methylating agent. In view of the fact that other workers have used methanol 
as a methylating agent, it was thought of interest to compare its reaction with benzene with that of methyl 
ether with benzene, under the same conditions. It was found that methanol is a much less effective 
methylating agent than the ether; e.g., when basic aluminium phosphate and the alumina-silica (1:4) 
were used as catalysts at 450®, the yields of toluene were J% and 1 % respectively when methanol was the 
reactant, and 2*7% and 13*0% with methyl ether, for corresponding rates of flow of the reactants. Water 
and methyl ether were by-products of the reaction of methanol and benzene. 

6. Decomposition of methyl ether. It was of obvious interest to determine the fate in a methylation 
experiment of the methyl ether which does not react with benzene. The gaseous products of reaction 
consist mainly of hydrogen, carbon monoxide, and paraffin, but whereas in the homogeneous decomposition 
of the ether these products are formed in nearly equal amounts (Hinshelwood and Askey, loc. cit.), in 
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the heterogeneous reaction (in the presence or absence of benzene) they are formed in widely differing 
proportions in the presence of different catalysts (see Table V) . Water was always found in the products 
of the reaction of benzene with methyl ether, and of the decomposition of the ether alone. When 
the alumina-silica mixtures were used as catalysts, the ratio of total weight of ether passed to water 
produced was more or less constant : 1 mole of ether gave about 0*8 — 1*0 mole of water. Water is there- 
fore one of the products of decomposition of methyl ether on these catalysts. In no case of the surface 
reaction studied here has it been possible to write a simple stoicheiometric equation between methyl 
ether and its products of decomposition. Therefore it has not been possible to calculate accurately 
the wastage of ether in a methylation run from the amount and composition of the gaseous products 
of reaction. However, from measurements of the volume of gas produced in a known time, during the 
course of an experiment, and its analysis, the amount of ether decomposed in passage over the catalyst 
was calculated, on the assumption that the decomposition is accompanied by a trebling of the initial 
volume. Thus, in the course of a methylation experiment with the alumina-silica (1:4) catalyst at 
450®, about 10 — 15% of the ether is decomposed to permanent gases and water; if ether alone is passed 
over the catalyst the figure is about 20%. 

In Table V are presented some representative analyses of the gaseous products resulting from experi- 
ments in which (a) methyl ether alone, (6) methanol alone, and (c) benzene plus methyl ether were passed 

Table V. 

Analysis of the gaseous products of reaction. 

(All the figures are on a nitrogen-free, ether-free basis, except those for ether itself, which are on a 
nitrogen-free basis ; the analyses are percentage volumes.) 


Catalyst. 

Temp. 

Mefi. 

COg. 

C,H,. 

Hg. 

CO. 

C»H2n.fa' 

n. 

Bauxite A 

480® 

1-3 

50 

0-4 

360 

24*8 

34-7 

1*2 

<¥ 

480 

2-9 

3-4 

0-4 

32-6 

•266 

33-8 

1-2 

Alumina A 

440 

8-4 

0-7 

13*3 

33-4 

18-9 

350 

1-3 


440 

20-7 

20 

5-3 

35-3 

22‘2 

30-8 

1-4 

Basic A1 phosphate 

440 

161 

3-3 

4-4 

8*8 

16-8 

66-7 

1-4 

,, „ t 

440 

2*7 

0*2 

1*5 

64*7 

1-4 

32-2 

1-25 


440 

335 

16-6 

1-9 

21-8 

25* 1 

34-6 

1-6 

t 

440 

27-9 

4*2 

8-4 

24-2 

29-2 

33*6 

1-25 

Boron phosphate 

480 

13*6 

3-4 

51 

0 

8*3 

83-3 

M 

„ „ t 

480 

3-6 

2-3 

1-6 

0 

120 

84- 1 

1*4 

Thoria 

440 

2-8 

0-8 

0*7 

700 

25*1 

3-5 

1*9 

„ t 

440 

0-2 

0-7 

0-3 

76-6 

21-2 

11 

— 

Bauxitic clay 

450 

79*7 

7-7 

3-6 

19-9 

138 

55* 1 

1-5 

* 

450 

68-5 

16-7 

5-9 

14-7 

11*8 

52-0 

1*45 

Al,o’,-SiO;’(l : 4) 

450 

0-8 

10 

1-2 

4-2 

20*4 

73-3 

M 

* 

450 

3-2 

1-3 

2-3 

2-7 

140 

7-90 

11 

^ ^ . 

500 

0-6 

11 

0-7 

15-4 

9*5 

73-4 

11 

* 

500 

0-5 

0-6 

30 

8*5 

7-7 

800 

10 

BeO-SiOg 

450 

67-3 

2'6 

3-2 

10-7 

17-2 

660 

11 


• Products of reaction of benzene and methyl ether, 
t Decomposition of methanol, 
i Products of reaction of benzene and methanol. 


Where no sign appears, the figures refer to the decomposition of methyl ether. 

over various catalysts. In addition to the observations quoted above, the following points may be 
noted : (1) The average carbon number, n, of the paraffins was nearly always greater than unity. 
(2) In most cases, the gases had nearly the same composition when (a) methyl ether alone or (b) methyl 
ether plus benzene were passed over the same catalyst. (3) A comparison of the decompositions of 
methanol and methyl ether is interesting : when these substances decompose on the surface of boron 
phosphate, the gaseous products have nearly the same composition in each case, and the same is true of 
several other materials which are known to catalyse the conversion of methanol into methyl ether (e.g., 
alumina, titania, thoria, bauxite, chromic oxide; see Sabatier and Mailhe, Ann. Chim. Phys., 1910, 
20 , 298). 

Discussion. 

The production of toluene by reaction of methanol or methyl ether with benzene at atmospheric 
pressure is claimed in B.P. 574,738 (Standard Oil Development Co., application dated April 
1942; complete specification accepted January 1946*). The reactants are passed at 300 — 
460® over a catalyst of the '* solid ** phosphoric acid type, which is prepared by treating a 
siliceous material (such as clay, kieselguhr, or a synthetic alumina-silica mixture) with a phos- 
phoric acid. Yields of up to 50 moles of toluene per mole of benzene consumed are claimed, 
though it is not clear how these are calculated from the figures presented. The yields of toluene 

* It appears that the work which led to this and the following patent specification was being carried 
out simultaneously with the work described here, which, with that to be described in subsequent papers 
of the series, was performed in 1940 — 1944 and was submitted in 1944 in a thesis for the degree of D.Phil., 
Oxford, by one of us (P. H. G.). 
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obtained by us are of comparable magnitude. Our optimum temperature range, 450 — 500®, 
is higher than that quoted for the above process 325—425®). Methanol is a more effective 
methylating agent in the Standard Oil Co. process than methyl ether; comparable figures are 
(for a reaction temperature of 354—358®) : 12*2% (moles) of toluene per pass for methanol, 
and 7*9% for methyl ether as reactant (we obtained 1% and 11*0% respectively at 450® for 
approximately the same space rate of flow, using the alumina-silica catalyst). 

A similar process has been patented by the Gas Light and Coke Co. (B.P. 541,534, application 
dated 1942), which involves bringing a (4 : 1 molecular) mixture of benzene and methanol at 
250 — 600® (480®) and 100 — 300 atm. into contact with a phosphoric acid (H,P 04 ) or a metal 
(magnesium) phosphate alone or on an inert support, e.g., coke, charcoal, siliceous material. The 
yield of toluene claimed is 14% by volume (12*2 moles %) on benzene passed. A further patent 
of the same company (B.P. 577,314, application dated March 1942, complete specification 
accepted May 1946) covers the use of methyl ether in a similar process, virtually the same 
reaction conditions being employed; the yield of toluene claimed is 18% per pass (15*5% 
moles) ^ xylenes 4%, pol 3 'methylbenzenes 4%, i.e,, methyl ether is a more effective methylating 
agent than methanol in this process. The process uses roughly the same reaction temperatures 
as ours and give.s similar yields, but requires the application of 100 — 300 atm. pressure. 

Cullinane and Chard (J,, 1945, 821) have described the interaction of phenol and methanol 
on alumina at 200 — 375° to give anisole, homologues of phenol, and hexamethylbenzene. 

Kutz and Corson (J. Amer. Chetn. Soc,, 1945, 67, 1312) have described the methylation of 
benzene, toluene, and naphthalene with methyl chloride at 400° over alumina, alumina-silica 
mixtures, and other materials. In the reaction of benzene on alumina they claim yields of 
8 — 15% (moles) of toluene, which are similar to ours obtained by the use of methyl ether. For 
their reaction, they find alumina a more active catalyst than the synthetic aluminosilicates. 

It is noteworthy that in all these processes for the methylation of benzene, monomethylation 
predominates, and our work confirms this. This characteristic of the gas-phase reaction is in 
marked contrast to the property of the Friedel-Crafts method, viz., that the monomethyl product 
is always accompanied by large quantities of polymethyl derivatives. In fact, the latter method 
is of little value for preparing monoalky Ibenzenes. 

Comparison of Methanol and Methyl Ether. — It is of interest to enquire whether, when toluene 
is produced by passing methanol and benzene over a catalyst, the methanol reacts directly, 
or first gives methyl ether, which then reacts with benzene. Previous workers (see above; 
and Cullinane and Chard, loc. cit.) do not appear to have envisaged the latter possibility. Our 
results show that, at least under the conditions we have used, methanol very probably acts as a 
methylating agent only by virtue of its ready conversion into methyl ether. Thus, we find that 
the ether gives a much better yield of toluene in reaction with benzene than does methanol. On 
many catalysts the decomposition products of methanol, produced under the same conditions 
as obtain in the course of a methylation, have very nearly the same composition as those of 
methyl ether on the same catalyst ; this must mean that the alcohol is rapidly converted into the 
ether and water, and the ether then decomposes to the final products. In this connection, it may 
be mentioned that McKee and Burke {Ind. Eng. Chem., 1923, 15, 793) have shown that the equili- 
brium between methanol, methyl ether, and water is rapidly achieved at 350° on alumina, and 
have determined the equilibrium constant at that temperature. 

It may be noted that at the temperatures used in methylation experiments, the equilibrium 
constant of the methanol-methyl ether conversion is of the order of magnitude unity. Given 
(/., 1943, 589) has obtained : 

2CH3-OH (v) = (CH3)20 -f HaO (v) : log^ Kj, = ISOOjRT - 4*8 

The values of log^^ Kp at various relevant temperatures, calculated from this equation, are given 
in Table VI. The equilibrium constant is actually unity at 761° k. (488° c.). Of course, if the 

Table VI. 

Equitilbrium constants of methanol-methyl ether conversion. 


Temp., ® K 300 400 500 600 700 800 900 1000 

logioA, 5*21 19-8 109 0-66 0 19 -010 -0-32 -0-50 


methyl ether produced decomposes, or reacts with benzene, the equilibrium will be shifted by a 
mass-action effect. 

The Metal Oxide— Silica Catalysts . — Our experiments show that the mixed oxide catalysts 
are all more active than any of the pure oxides examined and that the catalytic activity of the 
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alumina-silica mixtures varies in an apparently rational way with composition (see Fig.). 
One would expect there to be some characteristic physical property which distinguishes these 
materials from the pure oxides, and which varies in a rational manner in a series of mixtures 
with composition ; it is not immediately apparent what that property is. It may be noted 
that synthetic alumina-silica mixtures have found wide application recently in catalysing many 
reactions of hydrocarbons, such as polymerisation, isomerisation, and cracking (see, e,g., 
Nikolaeva and Frost, BtdL Acad. Sci. U.R.S.S.^ Cl. Sci. Tech., 1944, 636; Thomas, Ind. Eng. 
Chem., 1946, 87, 643). 

Nature of the Reaction between Methyl Ether and Benzene. — The simplest equation which can 
be written to represent the reaction of benzene and methyl ether to give toluene is 


CeHe + (CH3)aO - CeH5-CH3 + CH3-OH (1) 

presumably followed by 

2CH3-OH == (CH3)20 + H,0 (2) 

These can be combined into 

2C3He + (CH3)30 = 2CeH3-CH3 -f H^O (3) 


As stated above, the only reaction products we have detected are methylbenzenes, water, and 
permanent gases. The gases have virtually the same composition as the decomposition products 
of methyl ether determined in separate experiments on the same catalyst. It is logical to assume, 
therefore, that the gases produced in the reaction of benzene and methyl ether are not primary 
products, but result only from secondary cracking of the ether. 

With one exception (the beryllia-silica mixture), we have never found methanol in the reaction 
products of benzene and methyl ether ; in view of the known readiness of reaction (2) this is not 
surprising. Thus the available analytical data are in accordance with the suggestion that 
reaction (1) represents the course of the interaction of benzene and methyl ether, but are not 
sufficient to establish this unequivocally. 

Thermodynamic Considerations. — It was thought of interest to determine how nearly the 
yields of toluene so far obtained approach the theoretical equilibrium values. We have calculated 
the thermodynamic equilibria in both reactions (1) and (3) above. 

The change in heat capacity in both reactions is small over the relevant range of temperatures, 
and so the heats of reaction were taken as independent of temperature. Considering all the 
reactants in the gaseous state, we obtain : 


Reaction (1) : Ai/^jss-ie = — 10*23 kcals. ; AG®298.ie == — 11*68 kcals. 

and AG® = - 10,230 - 4-86r (4) 

Reaction (3) : AH^jgg.ig = — 27*89 kcals.; AG^jgg-ie — 29*626 kcals. 

and AG® == - 27,890 - 5*48r (5) 


We see from equations (4) and (6) that the free-energy changes of both reactions are always 
negative. Values of the equilibrium constants are given in Table VII. 

Table VII. 


r®K 298-16. 500. 723. 1000. 

Reaction (1) logic 18-2 5-50 4 13 3-28 

Reaction (3) logic 21-6 13-31 9*57 6-26 


We conclude from the data here presented that, thermodynamically, the conversion of benzene 
into toluene by reaction with methyl ether approaches 100%, and is far larger than that so far 
observed experimentally. (The data employed were obtained from Pitzer and Scott, J. Amer. 
Chem. Soc., 1943, 65, 803; Prosen, Gilmont, and Rossini, J. Res. Nat. Bur. Stand., 1946, 84, 
66; Bichowsky and Rossini, Thermochemistry of some Chemical Substances Crawford, 
J. Chem. Physics, 1943, 8, 626; Given, loc. cit.). 

The authors wish to express their gratitude to Dr. E. H. Rodd and Dr. Green of I.C.I. (Dyestuffs) 
Ltd. for helpful discussions and gifts of materials for use as catalysts ; Dr. W. Cule Davies and Messrs. 
Peter Spence Ltd. for the preparation of the metal oxide-silica catalysts, which was specially undertaken ; 
and the Department of Scientific and Industrial Research for grants to one of them (P. H. G.). 

Dyson Perrins Laboratory, University of Oxford. [Received, October 1th, 1946.] 
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174. Curare Alkaloids. PaH VI. Alkxdmds from 
Chondrodendron tomentosum B. and P. 

By Harold King. 

<f-Tubocurarine chloride is of value in anaesthesia. The discovery of its botanical origin to 
ensure future supplies is therefore of importance. Chondfodendron tomentosum Ruiz and Pavon 
has been examined and found to yield /-curine and l-tubocurarine chloride. Dutcher (/. Amer, 
Chem. Soc., 1940. 68, 419) has also examined tube*curare prepared on the Upper Amazon from 
Ch. tomentosum but found <^-tubocurarine chloride, /-curine, and other non-quaternary bases. 

It is possible that undifferentiated species are covered by the name Ch. tomentosum. 

In 1935 it was shown (King, J., 1381) that the active principle of tube-curare of native origin 
was crystalline if-tubocurarine chloride. The botanical origin of the poison was not known, but 
the view was expressed that the genus Chondrodendron was probably involved. It was also 
known, from museum specimens and from the exploratory journeys of Poeppig in the early 
years of the last century, that tube-curare came from the upper waters of the Amazon in Peru. 
Through the kind co-operation of Mr. J. W. Massey of the British Consulate at Iquitos in Peru, 
I received in 1939 a (Quantity of the liane, amphi huasca (amphi = poison, huasca = rope), 
used by the Indians near Tarapoto in the preparation of curare, which was collected by the late 
Guillermo Klug. .\t the same time 1 also received ample specimens of the leaves of the same 
liane, and these were identified by Mr. N. Y. Sandwith, M.A., of The Herbarium, Kew, as being 
indistinguishable from the Icav'es of Ch. tomentosum R. and P. They agreed perfectly with 
leaves (herbarium sheet No. 4474) collected by Spruce at Tarapoto in 1856 and identified as 
Ch. tomentosum by Moldenke (Krukoff and Moldenke, Briitonia, 1938, 3, 1C). 

The powdered stem was extracted with dilute tartaric acid; a sample of the neutralised 
extract had a true curare action when tested on the frog. The extract was worked up for 
non -quaternary and quaternary alkaloids in the usual way ; the non-quaternary fraction readily 
yielded /-curine (/-bebeerine) identical with the alkaloid isolated from natural tube-curare 
(King, loc, cit.). The quaternary fraction crystallised with difficulty but was eventually 
obtained pure and proved to be, not ^/-tubocurarine chloride as expected, but l-iubocurarine 
chloride. 

Folkcrs and Unna [Arch. ini. Pharmacodyn., 1939, 61, 373) examined a small specimen of 
Ch. tomentosum collected by Klug and identified by Krukoff, and found evidence of definite 
curare-like action in the crude quaternary fraction. Wintersteiner and Dutcher {Science, 1943, 
97, 467 ; Dutcher, J. Amer. Chem. Soc., 1946, 68, 419), henvever, were able to examine a sample 
of curare, prepared by Indians of the Upper Amazon, in which only one plant species was used. 
This was said to have been identified as Ch. tomentosum by a botanist at the time of preparation 
and authenticated by herbarium specimens. From this curare they isolated four non-quaternary 
bases, one of which was identified as /-curine, and a quaternary crystalline alkaloid which proved 
to be ^f-tubocurarine chloride. 

The conclusion to be drawn from these observations, provided the botanical identification of 
the raw materials has been correct, is that under the name Ch. tomentosum there must be two 
closely allied species which need further differentiation by systematic botanists, one of which 
yields /-curine and /-tubocurarine chloride and the other /-curine and ^/-tubocurarine chloride. 
The position is reminiscent of that w'hich held for “ pareira brava ” until a few years ago (King, 
J., 1940, 737). Sometimes this drug gave cf-bebeerine and sometimes /-bebeerine, and this was 
traced to the fact that two closely allied and difficultly distinguishable Chondrodendron species 
were concerned, one of which, Ch. microphyllum, gave ^/-bebeerine and the other, Ch. 
platyphyllum, /-bebeerine. It is not without interest that Ch. toxicoferum (Wedd, Krukoff and 
Moldenke) {Ch. polyanthum, Diels) bears a superficial resemblance to Ch. tomentosum and grows 
like the latter in the Huallaga river valley of the Upper Amazon. Chemical examination of this 
species is much to be desired. 

Experimental. 

The stem of Ch. tomentosum (667 g.) was powdered and percolated with 1% tartaric acid (10 1.) and 
the solution then concentrated to 1 1. This solution when neutralised was tested for curare activity on 
the frog; the paralysing dose corresponded to 1*0 g. of stem per kg. of frog (compare King, J,, 1937, 
1478, for definition). 

A^ preliminary assay for alkaloidal content and distribution of activity was carried out on the main 
solution. Of tto, 10 c.c. were treated with chloroform (50 c.c.) and saturated sodium hydrogen 
carbonate solution (15 c.c.). An amorphous precipitate which formed was removed by filtration, and 
the aqueous layer was extracted with 3 further portions of chloroform. The chloroform on evaporation 
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left a syrup which on being moistened with methyl alcohol crystallised, yield 0*6 g. This proved to be 
f-curine, m. p. 213®. The rotation of the dried material was determined in N/lO-hydrochloric acid; 
Wstii 313®. PureZ-curine under similar conditions gave [a] 54 ei — 340® (King, 1940, 742). The 
rotation liquor on evaporation readily crystallised giving Z-curine hydrochloride, m. p. 282® (efferv.) not 
depressed by admixture with pure Z-curine hydrochloride. 

The sodium hydrogen carbonate mother liquor and the amorphous precipitate, which had been 
collected, were separately neutralised with sulphuric acid and assayed by the frog test. It was found 
t^t there was approximately twice as much activity in the precipitate (phenolic betaine formation) as 
in the mother liquor. 

On this basis, the main bulk of solution was worked up in a similar way. The total yield of crystalline 
Z-curine was 34*1 g. corresponding to a 5% yield on the original stems. 

The combined amorphous precipitates produced by bicarbonate and insoluble in chloroform were 
dissolved in N/lO-sulphuric acid, concentrated to 1150 c.c., and treated with sulphuric acid (57 g.) 
followed by 25% phosphotungstic acid in 5% sulphuric acid. The precipitate was converted into the 
hydrochloride in the usual way, and the solution concentrated to 70 c.c. and treated with saturated 
aqueous mercuric chloride solution (70 c.c.) followed by addition of solid mercuric chloride (15 g.). The 
precipitate was decomposed with hydrogen sulphide and the filtered solution evaporated to dryness, 
yield 5-7 g. [A). 

In a similar way the sodium hydrogen carbonate mother liquor was neutralised, concentrated to 800 
C.C., precipitated with phosphotungstic acid solution, converted into chloride, and precipitated with 
mercuric chloride. The mercury-free water soluble residue amounted to 6*6 g. {B). 

These two fractions of comparable weights, containing the quaternary alkaloids, were kept as 
aqueous syrups at 0® for some months; that from the amorphous phenolic-betaines (A) had then 
crystallised partially. The solid was collected, yield 0-74 g. It was crystallised twice from water and 
gave Vtuhocurarine chloride, minute needles, m. p. 275® (enerv.) (Found on hydrated material : loss at 
100® (macro), 10-7; (micro), 9-6. OMe (micro), 7*0. If ^ loss of 

4 H 2 O, 9*2; 20Me, 7-9%. Found on dried material (micro): C, 63-5; N; 6'5. C 38 H 440 eN 2 Cl 2 ,H 20 
requires C, 63*9 ; H, 6*5%). Partial loss of water of crystallisation on micro-drying had been observed 
previously for d-tubocurarine chloride (King, 7.,*i935, 1386). The anhydrous salt showed — 258® 

\c, 0*38). The rotation of ^Z-tubocurarine chloride was determined afresh under comparable conditions 
and gave [ajjjgi -f 256® (c, 0*39) for the anhydrous salt. 

The mother liquors of the Z-tubocurarine chloride were fractionally precipitated with saturated 
aqueous mercuric chloride and seven fractions collected. Each of these was freed from metallic ions, 
but no further crystallisation of Z-tubocurarine chloride could be effected. Each of these fractions was 
then completely methylated in methyl alcoholic solution with methyl iodide in excess and sodium 
methoxide, and each gave complex amorphous quaternary iodides. From fraction 6 a crystalline solid 
was obtained which on further crystallisation from water gave l-O-methyllubocurarine iodide clusters of 
small prisms, m.p. 268® (efferv.), yield 22 mg. (Found : Loss at 95®, 5*5. C 4 oH 4808 N 2 l 2 , 3 H *0 requires 

H,0, 5*6%. Found for the anhydrous salt : C, 51*7 ; H, 6-6; OMe, 13*8. C 4 oH 4808 N 2 f 2 C, 

52*9; H, 5*3; 40Me, 13*7%). The figure for carbon is low but the same figure was found in duplicate 
micro-analyses of the dextro-form (King, 1935, 1386) . ^Z-O-Methyltubocurarine iodide had previously 
been found to melt at 266 — 267° (efferv.). 

It is probable that the Z-O-methyltubocurarine iodide has arisen from Z-tubocurarine chloride present 
in the mother liquors. 

The fraction, 5*6 g. (B) above, failed to give Z-tubocurarine chloride by direct crystallisation. It has 
not been examined further chemically, but biological assay showed that it contains a more powerful 
curarising agent than Z-tubocurarine chloride. 

I am indebted to Dr. B. D. Burns of this Institute for a biological assay of Z-tubocurarine chloride, 
which, on the isolated rat's diaphragm, was 30 to 60 times weaker than tZ-tubocurarine chloride. The 
quaternary fraction (B) was about 3*5 times weaker than fZ-tubocurarine chloride, but the active 
principle contained in it cannot be <i^-tubocurarine chloride. 

My thanks are also due to Mr. F. J. Pound, Agronomist to the Department of Agriculture of Trinidad, 
for help in securing Ch. tomentosum whilst in Peru. 

National Institute for Medical Research, 

Hampstead, London, N.W.3. [Received, October \0th, 1946.] 


175 . The Friedelr-Crafts Reaction in the Garbazole Series. 

Part III. 

By S. G. P. Plant and (Mrs.) J. F. Powell. 

3 : 6-Dichloro- and 3 : 6-dibromo-9-acetylcarbazole were recovered largely unchanged in 
attempts to apply Friedel-Crafts reactions, but the closely related 6-chloro-9-acetyltetrahydro- 
carbazole readily gave its 1-acetyl derivative under similar conditions. Q-Bromo-^-acetyl- and 
9-acetyl-6-methyl-tetrahydrocarbazole gave analogous products, but several unacetylated 
tetrahydrocarbazoles proved to be unreactive. 3 : B-Dichlorocarbazole, which has been 
prepared synthetically from 5 ; ^'-dichloro-l-phenylbenzotriazole, gave only AT-acyl derivatives. 

It has been established that under the usual conditions for Friedel-^Crafts reactions two acyl 
groups can be readily introduced into carbazole and its 9-alkyl derivatives in the 3- and the 
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O-position but with the O-acylcaxbazoles substitution of a single acyl group in the 2-position 
ensues (j ', 1935, 741 ; 1936, 1295). It seemed possible that these reactions might be extended 
to the preparation of substances which would be of value as intermediates for dyes by 
the use of certain substituted carbazoles, e.g., 3 : 6-dichloro-9-acetylcarba2ole (I; R = Ac). 
3 : 6-Dichlorocarbazole was first prepared by Mazzara and Lamberti-Zanardi (Gazzetta, 1896, 
26, 236) by heating carbazole with sulphuryl chloride in chloroform, but the constitution of the 
product appears never to have been rigidly established. This has now been achieved in the 
form of an unambiguous synthesis by heating 5 : ^'-dichloYO-l’phenylbenzotriazole (II) (the 
Graebe-Ullmann reaction), which was obtained from 4 : 4'-dichloro-2-nitrodiphenylamine 
through the corresponding 2-amino-compound. 

NR 

(I.) (II.) (in.) 

3 : 6-Dicbloro-9-acetylcarbazole proved to be unreactive towards acetyl bromide and 
aluminium chloride in boiling carbon disulphide. Similar lack of reactivity was displayed 
towards phthalic anhydride and aluminium chloride in nitrobenzene, except that in one 
experiment, after prolonged standing, a very small quantity of 3 : Michlorocarbazole-9- 
phthaloylic acid (I; R = C0*CeH4*C02H), formed by displacement of the acetyl group, was 
isolated. 3 ; 6-Dichlorocarbazole itself reacted with phthalic anhydride, benzoyl chloride, and 
acetyl chloride in the presence of aluminium chloride with the introduction of the corresponding 
acyl radical, but the substituent was shown in each case to be attached to nitrogen by the fact 
that it could readily be removed by warming with alkali, and C-acylation was not observed. 
3 : 6-Dibromo-9-acetylcarbazole also failed to react with acetyl bromide under similar conditions. 

In contrast, it was found that the closely related 6-chloro-9-acetyltetrahydrocarbazole (III) 
could be easily converted into ^-chloro-l : ^-diacetyltetrahydrocarbazole , This was hydrolysed to 
iS-chloYO-l-acetyUetYahydrocarhazole, the constitution of which was established by reducing it 
with the Clemmensen reagent. The product, evidently a mixture of 6-chloro-7-ethyltetra- 
hydrocarbazole and ()-chloro-7-ethylhexahydrocarbazole from the fact that it was only partly 
soluble in dilute acids, was heated with palladised charcoal in an atmosphere of hydrogen with 
the formation of 2-ethyloarbazole. The result is in harmony with the observations of Plant and 
Rogers (/., 1936, 40) who found that the 7 -acetyl and 7- benzoyl derivatives were obtained when 
9-acetyl- and 9-benzoyl-tetrahydrocarbazole were submitted to Friedel-Crafts reactions with 
acetyl bromide and benzoyl chloride. It was not, however, possible to obtain an analogous 
phthaloylic acid from 6-chloro-9-acetyltetrahydrocarbazole by the use of phthalic anhydride. 

An acetyl group has been similarly introduced into ^^-bYomo-^-acetyltetYahydYOcaYbazole and 
9-acetyl-6-methyltetrahydrocarba2ole, the products being evidently Q-bYomo-l \ ^-diacetyl- and 
7 : ^-diacetyl-^-methyhtetYahydYocaYbazole respectively. The latter was hydrolysed to 1-acetyU 
^•meihyltetYahydYOcaYbazole . 

A surprising observation is that unacetylated tetrahydrocarbazole, and its 6-chloro-, 6-bromo-, 
0-methyl, and 6-acetamido-derivatives, were recovered unchanged after treatment with acetyl 
bromide and aluminium chloride in carbon disulphide, e\ en with prolonged boiling. This is 
remarkable in view of the ease with which carbazole undergoes substitution. 

Experimental. 

SyYithesis of 3 : ^-DichloYocarhazole. — After a mixture of 2 : 5-dichloronitrobenzene (16 g.), 
/>-chloroaniline (12 g.), and potassium carbonate (12 g.) had been heated at 220° for an hour, unchanged 
materials were removed in steam and the residue crystallised from alcohol, 4 : 4'-dichloro-2-nitrodiphenyl- 
amine being obtained in crimson needles, m. p. 149 — 150° (cf. Blom, Helv. Chin}. Acta, 1921, 4 , 1038). 
The nitro-compound (1*2 g.) in hot glacial acetic acid (20 c.c.) was treated gradually with stannous 
chloride (6 g.) dissolved in hydrochloric acid (20 c.c. of 28%), and the solution boiled for 10 minutes, 
cooled, and made alkaline with concentrated aqueous potassium hydroxide. The precipitated amine 
separated from alcohol in colourless needles, m. p. 137°. Its suspension in glacial acetic acid was treated 
with aqueous sodium nitrite, and, after the addition of water, the precipitated 5 : ^'-dichloYO-l-phenyl- 
benzotriazole was crystallised from alcohol and obtained in brown needles, m. p. 176° (Found : N, 16*9. 
CjjHyNjCl, requires N, 16*9%). When this substance was heated for an hour at 360° and the product 
distilled under reduced pressure, 3 : 6-dichlorocarbazole, colourless prisms, m. p. 202°, from glacial 
acetic acid, was obtained. It proved to be identical (mixed m. p.) with the material obtained by the 
chlorination of carbazole as described by Mazzara and Lamberti-2&.nardi (loc. cit.). 

Attempted Friedel-CYafts Reactions with 3 : ^DicMorocaYhazole. — (a) A solution of 3 : 6-dichloro- 
carbazole (2 g.), phthalic anhydride (2 g.), and aluminium chloride (2 g.) in nitrobenzene (26 c.c.) was left 




Reaction in the Carbazote Series. Part III. 


939 


[1947] 

at room temperature for 4 days and then treated with ice-dilute hydrochloric acid, and the solvent 
removed in steam. After the residue had been dissolved in hot alcohol and poured into dilute ammonia, 
the filtered aqueous solution was acidified, and 3 : ^•dichlorocarhazole’-^-phthaloylic acid, colourless 
needles, m. p. 185° (rapid heating), from glacial acetic acid, obtained (Found : Cl, 18*2. C 2 oH|iO,NCl 2 
requires Cl, 18*5%). When its solution in aqueous ammonia was boiled, a precipitate of 
3 : 6-dichlorocarbazole, identified by mixed m. p., soon appeared. Similar results were obtained when 
the reaction was carried out in nitrobenzene at 60° for 6 hours. 

(6) Benzoyl chloride (2*6 g.) was added to 3 : 6-dichlorocarbazole (2 g.) and aluminium chloride (2*5 
g.) in carbon disulphide (26 c.c.), and the whole refluxed for an hour. After the carbon disulphide had 
been distilled off, the residue poured into ice-dilute hydrochloric acid, and the excess of benzoyl chloride 
removed in steam, 3 : Q-dtchloro-9-benzoylcarbazole remained ; it separated from glacial acetic acid in 
almost colourless needles, m. p. 204° (Found : Cl, 20*3. CjjHnONClj requires Cl, 20*9%). When its 
solution in aqueous-alcoholic potassium hydroxide was boiled for IJ hours and poured into water, 
3 : 6-dichlorocarbazole was precipitated. 

(c) After 3 : 6-dichlorocarbazole had been treated with acetyl chloride and aluminium chloride under 
conditions similar to those used with benzoyl chloride, 3 : 6-dichloro-9-acetylcarbazole, colourless 
prisms, m. p. 186°, from glacial acetic acid, was obtained. It was identical (mixed m. p.) with the 
substance obtained by boiling 3 : d-dichlorocarbazole with acetic anhydride and a drop of concentrated 
sulphuric acid under reflux (cf. Mazzara and Lamberti-Zanardi, loc. cit.). 

6-ChlorO‘l-acetylietrahydrocarbazole . — Aluminium chloride (2 g.) was added to a mixture of 
6-chloro-9-acetyltetrahydrocarbazole (2 g., prepared as described by Plant and Rosser, J., 1928, 2454) 
and acetyl bromide (1*6 c.c.) in carbon disulphide (30 c.c.), and the whole refluxed for 10 minutes. After 
the solvent had been distilled off, the residue added to ice-dilute hydrochloric acid, and the solid 
crystallised from alcohol, 6-cA/oro-7 : 9~diacetylietrahydfocarbazole was obtained in colourless needles, 
m. p. 118° (Found: C, 66*5; H, 5*2. Ci^HieOgNCl requires C, 66*3; H, 5*6%). The reaction 
proceeded less readily when acetyl chloride was used. When a solution of the diacctyl compound (1 g.) 
in alcohol (10 c.c.) containing potassium hydroxide (0*6 g.) and water (0*6 c.c.) was refluxed for an hour, 
filtered, and allowed to cool, ^-chloro-*7~acetyltetrahydrocarbazole separated. It was recrystallised from 
alcohol and isolated in almost colourless prisms, m. p. 171° (Found: C, 68T ; H, 6*0; N, 6*9. 
Ci 4 Hi 40 NC 1 requires C, 67*9; H, 6*7; N, 6*7%). 

Acetyl chloride (0*7 c.c. in a little acetone) was gradually added with constant shaking to the 7-acetyl 
compound (0*6 g.) dissolved in acetone (10 c.c.) containing aqueous potassium hydroxide (0*45 g. of 
66%). Water then precipitated 6-chloro-7 : 9-diacetyltetrahydrocarbazole, which was crystallised from 
alcohol and found to be identical (mixed m. p.) with the substance described above. 

Conversion of ^-ChloroA-acetyltetrahydrocarbazoU into 2-Ethylcarbazole. — 6-Chloro-7-acetyltetra- 
hydrocarbazole (2*6 g.) and concentrated hydrochloric acid (50 c.c.l were shaken with amalgamated 
granulated zinc (200 g.), and the whole was left overnight. After the addition of anisole (5 c.c.) and 
more concentrated hydrochloric acid (30 c.c.), the mixture was refluxed for 12 hours, the product 
extracted with ether, the extract evaporated, and anisole removed from the residue by distillation in 
steam. The less volatile material, which was only partly soluble in dilute acids, was again extracted 
with ether, and the extract dried (KjCOj) and evaporated. When the residue was mixed with 25% of 
its weight of palladised charcoal and heated at 300 — 320° for 11 hours in an atmosphere of hydrogen, 
hydrogen chloride was freely evolved in the early stages. The product was dissolved in warm acetone 
and recovered from the filtered solution by the addition of water. After it had been distilled under 
reduced pressure and crystallised from glacial acetic acid, 2-ethylcarbazole was obtained in colourless 
plates, m. p. 218 — 220°, identical (mixed m. p.) with the substance prepared by Plant and Williams (/., 
1934, 1142). 

Q'Bromo-1 : 9-diacetyUetrahydrocarhazole, — After a solution of 6-bromotetrahydrocarbazole (25 g., 
Borsche, Witte, and Bothe, Annalen, 1908, 359, 63) in acetic anhydride (90 c.c.) containing a few drops of 
concentrated sulphuric acid had been refluxed for 6 hours, G~bronto-9-aceiylteirahydrocarbazole separated 
on cooling. It was recrystallised from alcohol (charcoal) and obtained in colourless plates (15 g.), m. p. 
120° (Found : N, 4*7. Ci 4 Hi 40 NBr requires N, 4*8%). Aluminium chloride (4 g.) was added to a 
mixture of this acetyl compound (2 g.) and acetyl chloride (6 c.c.) in carbon disulphide (26 c.c.), and the 
whole refluxed for 15 minutes and treated as described for the corresponding chloro-compound. When 
the product was crystallised from alcohol, %-bromo-l : 9-diacetyltetrahydrocarbazole separated in colourless 
needles, m. p. 112° (Found : N, 4*2. CjeHigOgNBr requires N, 4*2%). The use of acetyl bromide gave 
less satisfactory products. 

When the diacetyl compound (3 g.) in hot glacial acetic acid (10 c.c.) was treated with concentrated 
nitric acid (1*2 g.), oxides of nitrogen were evolved, and 9-bromo-lO : W-dihydroxy-l : 9-diacetylhexa- 
hydrocarbazole separated on cooling. On crystallisation from alcohol, it was obtained in colourless 
plates, m. p. 210° (decomp.) (Found : C, 62*0 ; H, 4*9. CigHi804NBr requires C, 52*2 ; H, 4*9%). 

1-Acetyl-^-methyltetrahydrocarbazole. — When treated with acetyl bromide and aluminium chloride as 
described for the corresponding chloro-compound, 9-acetyl-6-methyltetrahydrocarbazole (Manjunath 
and Plant, /., 1926, 2260) gave 7 : 9-diacetyl-6-methyltetrahydrocarbazole, colourless needles, m. p. 136°, 
from alcohol (Found : C, 75*6; H, 7*1. CiyH^OgN requires C, 75*8; H, 7*1%). Hydrolysis as for the 
chloro-compound led to 7-acetyl-6-meihyltetrahydrocarhazole, colourless plates, m. p. 207°, from alcohol 
(Found : C, 78*7; H, 7*4. CuH^ON requires C, 79*3; H, 7*6%). 

The authors are indebted to Imperial Chemical Industries Limited for grants. 

Dyson Perrins Laboratory, Oxford University. [Received, October \2th, 1946.] 
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176 . Polycydic Aromatic Hydrocarbons. Part XXXII. 2'-Methoxy- 
and 2'-Methoxy-9 : 10-dimethyl-l : 2-benzanthracene. 

By G. M. Badger. 

2'-Methoxy*l : 2-benzanthracene and 2'-‘methoxy-^ : lQ-dimethyl-1 : 2-benzanthraQene have 
been prepared by the scheme illustrated in formulae (V — XII) ,for conaparison with the 
(methylated) metabolic products of 1 : 2-benzanthracene and of 9 : 10-dimethyl«l : 2-ben2- 
anthraceiie, in rabbits. 


In mice and rats, carcinogenic and related polycyclic hydrocarbons are metabolised to phenolic 
derivatives (I — IV) in which the hydroxy-group occupies the same relative position (Berenblum 
and Schoerital, Biochem. J., 1945, Proc. Ixiv). In rabbits, however, 1:2:5: 6-dibenzanthracene 



is metabolised to a dihydroxy-derivative which differs from tliat obtained from mice and rats. 
This compound has not yet been identified, although several of the 55 possible isomers have been 
excluded (for references see Cason and Fieser, /. Amer. Chem. Soc., 1940, 62, 2681; 1941, 68, 
1256), The synthesis of all the remaining isomers would be a difficult task, and the present 
work was undertaken to provide a clue to the identity of the rabbit metabolite of dibenzanthra- 
cene, For this purpose, it was decided to prepare hydroxy-derivatives of 1 : 2-benzanthracene, 
which could then be compared with the metabolic products of this hydrocarbon, in rabbits. 
By analogy with dibenzanthracene, it is probable that the rabbit will metabolise benz- 
anthracene to a hydroxy-derivative other than, or in addition to, the 4 '-hydroxy-derivative. 

Since rats oxidise benzanthracene and dibenzanthracene at positions which are liable to 
chemical attack when the ?wc5o-positions are blocked (Cason and Fieser, loc. cit.), it appeared 
probable that the rabbit would oxidise the same compounds at some other positions which are 
also liable to chemical attack. In benzanthraquinone, this is the 2'-position, for Joffe and 
Fedorova (/. Gen. Chcm. Russia, 1941, 11, 619) have shown that, at high temperatures, 
benzanthraquinone is sulphonated at this position. (Other positions of the benzanthraquinone 
and benzanthracene molecules may also be subject to substitution reactions under certain 
conditions; see Scholl, Ber., 1911,44,2370; Cook and Hewett, J., 1933, 1408.) 

The fact that Berenblum and Schoental (Cancer Res., 1946, 6, 699) have confirmed the 
presence of 10-hydroxy- 3 : 4-benzpyrene as well as 8-hydroxy- 3 : 4-benzpyrene (I) in the excreta 
of both rats and rabbits, and that more of the 10-hydroxy-derivative is formed in the rabbit, 
lends added support to this view. For these reasons 2'~meihoxy-l : 2-benzanthracene and 
2'-methoxy-9 : lO-dimethyl-l : 2-benzanthracene have been prepared. The comparison of the 
former with the (methylated) rabbit metabolic products has been undertaken by Drs. Berenblum 
and Schoental. Such of the compounds as appear to be suitable will be tested for biological 
action by Professor A. Haddow. Results of these investigations will be published elsewhere. 

2'-Hydroxy-l : 2-benzanthracene (XII) was prepared by sulphonation of 2-(l'-naphthoyl)- 
benzoic acid (IX), followed by reduction and potash fusion, a method substantially the same 
as that reported by Joffe and Fedorova (loc. cit.) except that naphthoylbenzoic acid was used 
instead of benzanthraquinone. Since the" melting point of the final product (XII) did not agree 
with that reported by the Russian workers (although the melting points of the acetates were 
substantially in agreement), the scheme outlined in formulae (V — XII) was carried out. 

Phthaloylnaphthol (V) was converted into 2'-hydroxy-l : 2-benzanthraquinone (VI) by the 
method of Fieser and Fieser (J. Amer. Chem, Soc., 1933, 55, 3342). The 50% yield claimed by 
these authors could not, however, be confirmed. In 35 — 40 runs, the yield of pure product 
averaged about 10%. The same compound was also prepared by fusion of potassium 
1 : 2-ben2anthraquinone-2'-sulphonate (X) with potassium hydroxide by the method of Joffe 
and Fedorova. Methylation with methyl sulphate gave 2'-methoxy-\ : 2-henzanthraquinone 
(VII), which was reduced witli stannous chloride, followed by zinc and alkali, to 2'-methoxy-l : 2- 
benzanthracene (VTII). The same compound was also prepared by methylation of 
2'-hydroxy-l : 2-benzanthracene obtained following the sulphonation of naphthoylbenzoic acid 
(IX— XII). 
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Treatment of 2'-methoxy-l : 2-benzantliraquinone (VII) with methylmagnesium iodide 
gave 9 : l0-dihydroxy-2'-methoxy-9 : lO-dimethyl-9 : 10-dihydro-l : 2-henzanthracene (XIII, 



R == OH). Methylation with methyl alcohol and a trace of sulphuric acid gave 2' : 9 : 
methoxy-^ : lO-dimethyl-Q : lO-dihydro-l : 2-henzanihraccne (XIII, R = OMe), which, on 
treatment with sodium, gave 2'-methoxy-9 : 10-dimethyl- 1 : 2-benzanthracene (XIV) (cf. 
Bachmann and Chemerda, J. Org. Cheni., 1939, 4, 583; J. Amev. Chem. Soc., 1938, 60, 1023). 


OMe 



Me^^R 

(XIIL) 


OMe 

rJV%} 

(XIV.I 


r 

(XV.) 


The Friedel-Crafts reaction between j)hthalic anhydride and p-methoxy naphthalene, in 
tetrachloroethane solution, is known to give 2- (2'-hydroxynaphthoyl-r) -benzoic acid or its 
methyl ether (Fieser, J. Amcr. Chem, Soc,, 1931, 53, 3546). When nitrobenzene is used as a 
solvent, the course of Friedel-Crafts reactions between p-methoxynaphthalene and various 
compounds, especially acyl chlorides, is modified, so that substitution occurs not at the 1-position 
but at the 0-position (for references, see Hudson, 1940, 76). This does not appear to take 
place with aroyl groups, for Hudson (loc. cit,) found that the anisoyl group enters the 1 -position. 
The present work shows that phthalic anhydride also reacts at the 1-position, even in cold 
nitrobenzene solution. In an attempt to convert 2-(2'-hydroxynaphthoyl-l')-benzoic acid 
lactone into 2'-hydroxy-l : 2-benzanthraquinone with sulphuric acid, only phthaloylnaphthol 
(V) and phthalic acid were formed. That the CO“* bond at the 1-position should be broken 
under these conditions is of special interest in view of the conversion of phthaloylnaphthol into 
1 : 2-benzanthraquinone. 

In an attempt to prepare 5-hydroxy- 1 : 2-benzanthracene, the Grignard solution from 
o-bromoanisole was condensed with 1 : 2-naphthalic anhydride. Attempts to prepare the 
benzanthraquinone from the resulting 2"(2'-methoxyhcnzoyiy\-naphthoic acid (XV), by 
treatment either with sulphuric acid or with benzoyl chloride and a trace of sulphuric acid 
(Badger and Cook, /., 1939, 802), were unsucceSvSful. 


Experimental. 

2* -Hydroxy A : 2-benzanthraquinone. — (i) This was prepared essentially as described by Fieser and 
Fieser (loc. cit.), but the yield claimed could not be confirmed. Phthaloylnaphthol (10 g.) was added to a 
solution of water (25 c.c.) and sulphuric acid (50 c.c.) and the mixture brought to the boil, with stirring. 
When oil separated, the mixture was poured on ice (200 g.). The product was extracted with a little 
boiling alcohol, and some unchanged phthaloylnaphthol filtered off. The crude 2'-hydroxy-l : 2- 
benzanthraquinone obtained from the alcohol was dried, and refluxed for 1 hour with acetic anhydride 
and sodium acetate. The yellow needles which separated on cooling (1-6 g.) gave, on recrystallisation 
from acetic acid, 2'-acetoxy-l : 2-benzanthraquinone, m. p. 254 — 255® (1 g.). The acetic acid liquors 
yielded colourless plates (0*4 g.) which after purification had m. p. 213 — 214®. This was evidently 
acetoxyphthaloylnaphthalene (Found: C, 761; H, 3-7. Calc, for C 2 oHij 04 : C, 76*0; H, 3-8%), 
Pure 2'-hydroxy-l : 2-benzanthraquinone, m. p. 253 — 263-6®, was obtained from the acetate by hydrolysis 
with alcoholic sodium hydroxide followed by recrystallisation from alcohol. 
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(ii) A mixture of 2-(l'-iiaphthoyl) benzoic acid (16 g*) and concentrated sulphuric acid (160 cx.) was 
heated on the water-bath for 1 hour, and then at 160--160® for 6 hours. The dark red solution was 
poured on ice (160 g.), and the sulphonic acid collected and sucked as dry as possible with the water-pump. 
The paste was dissolved in hot water, and the solution made alkaline with barium hydroxide. Potassium 
sulphate (61 g.) was added, and the mixture heated on the steam-bath for 2 hours. The filtrate, on 
evaporation to dryness, gave crude potassium 1 : 2-ben2anthraquinone-2'-sulphonate (13*6 g.). After 
fusion with potassium hydroxide as described by Joffe and Fedorova {loc. cit,) this gave 2'-hydroxy-l : 2- 
benzanthraquiiione, identical with that prepared by the first method. 

^'-Methoxy-l : 2-benzanthraquinone, — 2'-Hydroxy-l : 2-benzanthraquinone (1*9 g.) was methylated 
in the usual way by the alternate addition of methyl sulphate and sodium hydroxide, at the temperature 
of the steam-bath, until a portion of the alkaline filtrate gave no precipitate with hydrochloric acid. 
Recrystallised from acetic acid, the 2'-m^/Ao;ry-l : 2-benzanthraquinone (1-83 g.) formed long golden-brown 
needles, m. p. 200— 201'" (Found : C, 79‘3; H. 4*3. CijHjgO# requires C, 79*2; H, 4-2%). 

2' : 9 : lO-Trimethoxy-l : 2-benzanthracene. — 2'-Hydroxy-l : 2-benzanthraquinone (0-4 g.) was methyl- 
ated with methyl sulphate and potassium hydroxide in the presence of zinc dust (2 g.J at 100®. The 
residue after filtration was extracted with boiling alcohol, and the alcohol decolourised with charcoal 
and concentrated. The 2' : 9 : lO-trimethoxy-l : 2-benzanthracene (0-21 g.) formed almost colourless 
crystals, m. p. 173-5 — 175® (Found : C, 79-4 ; H, 6-4. CjjHigOa requires C, 79-3 ; H, 6*7%). 

2'-Methoxy-l : 2-benzanthracene. — (i) 2'-Methoxy-l : 2-benzanthraquinone (0-26 g.), stannous chloride 
(1*6 g.), hydrochloric acid (3 c.c.) and acetic acid (6 c.c.) were boiled under reflux for 1 hour. The solution 
was poured into water, and after 1 hour the solid was transferred to a flask containing 2N-sodium 
hydroxide (16 c.c.) and zinc dust (1 g.). The mixture was boiled under reflux for 3J hours, cooled, and 
filtered. The residue was extracted several times with boiling alcohol, and the solution concentrated 
and allowed to crystallise. The 2'-methoxy-l : 2-henzanthracene (0*1 g.) formed almost colourless flat 
needles, m, p. 165 — 166° (Found : C, 88*4 ; H, 5*3. C19HJ4O requires C, 88-4 ; H, 5*4%). The alcoholic 
solution showed an intense blue fluorescence in daylight. 

The picrate, prepared in alcohol, formed red-brown needles, m. p. 170 — 171° (Found : C, 61*9; H, 
3*6; N, 8-7. requires C. 61*6; H, 3*5; N, 8*6%). 

(ii) Potassium 1 : 2-benzanthraquinone- 2'-sulphonate (7*6 g.) was reduced by 12 hours' boiling with 
zinc dust (14 g.) in water (300 c.c.) and ammonia (d 0-880; 75 c.c.). The resulting potassium 
1 : 2-benzanthraccne-2'-sulphonate (2*6 g.) was obtained as colourless plates from water. This salt 
(1*6 g.) was converted into the phenol by fusion at 290 — 300°, for 1 hour, with potassium hydroxide 
(8 g.). The 2'-hydroxy-l : 2-benzanthracene (0*7 g.) formed pale yellow plates from acetic acid, m. p. 
191-5— 193-6° (lit. 178— 179°) (Found : C, 88-6; H, 4*7. Calc, for CigHiaO : C, 88-6; H, 4*9%). The 
acetate, i)repared by refluxing a portion with acetic anhydride and sodium acetate, formed colourless 
silky needles, m. p. 156-6— 158-5° (lit. 152—163°) (Found : C, 84-1; H, 4-8. Calc, for CjoHuO^ : C, 
83-9; H, 4-9%). The above hydroxybenzanthracene was methylated in almost quantitative yield by 
the alternate addition of methyl sulphate and sodium hydroxide. The product, crystallised from alcohol, 
was identical with the 2'-methoxy-l : 2-benzanthracene prepared by the first method. 

2': 9: W-Trimethoxy^SI \ \^-dimeihyl-^ : \(I-dihydro-\ : 2-henzanthraune. — 2'-Methoxy-l : 2-benzantbra- 
quinone (2 g.), suspended in a Soxhiet thimble under the condenser (compare Bachmann and 
Chemerda, ]. Org. Chem., 1939, 4, 583), dissolved after the Grignard solution [from methyl iodide (3 c.c.), 
ether (15 c.c.), and benzene (40 c.c.)] had been refluxed for 5 hours. After decomposition with ice-cold 
ammonium chloride, the organic layer was dried and evaporated. The gummy residue crystallised on 
stirring with benzene- light petroleum. 2* -Methoxy-^ : \Ii-dihydroxy-^ \ \{I-dimethyl-^ : lO-dihydro-X : 2- 
benzanthracene (1*2 g.) formed colourless micro-crystals, from benzene, m. p. 157 — 160° (decomp.) 
(Found : C, 78-9; H, 6*3. C21H20O3 requires C, 78*8; H, 6-3%). The methyl ether was obtained by 
dissolving the diol in methyl alcohol and treating the cold solution with sulphuric acid (2 drops) in methyl 
alcohol (6 c.c.). It formed colourless needles, from methyl alcohol, m. p. 171 — 172° (Found ; C, 79*4; 
H, 6-9. CaaHa^Oa requires C, 79-3 ; H, 6-9%). 

2' -M ethoxy-^ ; l0-dimethyl-\ : 2-benzanthracene. — ^This was prepared by treatment of the above 
methyl ether with sodium (cf. Bachmann and Chemerda, loc. cit.). Recrystallised from methyl alcohol, 
2'-methoxy-9 : lO-dimethyl-l : 2-benzanthracene formed pale yellow lustrous plates, m. p. 112 — 113° 
(Found: C, 88-0; H, 6-3. requires C, 88*1; H, 6-3%). Its alcoholic solution showed an 

intense blue fluorescence in daylight. 

In one experiment a colourless compound, presumably the photo-oxide, was also isolated (cf. Sandin 
and hieser, J. Anier. Chem. Soc., 1940, 62, 3098). It formed colourless needles from alcohol, m. p. 
210 — ^212° (after sintering) (Found : C, 79-26; H, 5-45. CjiHjgOa requires C, 79-3 ; H, 5-7%), 

2-(2'-Methoxynaphihoyl-l')-benzoic acid.— /J-Methoxynaphthalene (7*6 g.), phthalic anhydride (8-0 g.), 
and nitrobenzene (100 c.c.) were cooled in ice and treated with aluminium chloride (12-6 g.) during 1 
hour, with stirring. A' -er 3 hours, the solution was kept at room temperature, with shaking, for 70 
hours. After decomposition in the usual way, the acid was obtained ; it crystallised from toluene as 
yellow prisms (4*5 g.), m. p. 191—194°, Its constitution was proved by demethylation with aluminium 
chloride in boiling benzene, followed by conversion into the lactone, m. p. 196 — 196° (Fieser T Amer 
Chem. Soc., 1931, 68, 3546). \ > J 

The same hydroxy-acid was obtained, in poor yield, following a similar experiment with fl-naphthol. 
Action of Sulphuric Acid on 2-{2'-Hydroxynaphthoyl-V)-benzoic Acid Lactone. --Asohxtionotthela^toxLii 
(1 g.) in concentrated sulphuric acid (10 c.c.) was heated at 60—70° for 6 hours, and then poured on ice. 
The solid obtained was dissolved in aqueous alcohol, from which phthaloylnaphthol, m. p. 196—197° 
(alone, or mixed with an authentic specimen) (0-06 g.), was obtained. The alcoholic liquors, 
on evaporation, deposited phthalic acid (0*26 g.), m. p. 196° (Found; C, 57*6; H, 3*7. Calc, for 
C^HgO^: C, 67*8; H, 3*6%), converted into phthalic anhydride, m. p. 128—130°, by sublimation. 
Phthalic acid was also obtained following a similar experiment with the free acid. Both the free acid 
and the lactone gave cherry-red solutions in sulphuric acid. 

2-\2*-Methaxybenzoyl)-l-naphthoic Acid.^A solution in ether (30 c.c.) and benzene (16 cx.) of 
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o-anisylmagnesium bromide (from 26 g. of o-bromoanisole) was added slowly to a boiling solution of 
1 ; 2-*naphthalic anhydride (26*4 g.) in anhydrous benzene (200 c.c.). The thick yellow precipitate was 
filtered off and decomposed with ice and dilute sulphuric acid in the presence of ether. The ether 
solution was extracted with sodium carbonate, and the acid prepcipitated (20 g.). After purification 
through the acetoxy-lactone,' it formed colourless transparent prisms, m. p. 186 — 187° (Found : C, 
74*46; H, 4*6. Ci,Hi 404 requires C, 74*46; H, 4*6%). The acetoxy-lactone, prepared by heating the 
acid (20 g.) with acetic anhydride (40 c.c.) and pyridine (130 c.c.) on the steam-bath for 2 hours, formed 
colourless transparent prisms, from toluene, m. p. 209 — 211° (Found: C, 72*9; H, 4*7. 
requires C, 72*4; H, 4*6%). Attempts to ring-close the acid with sulphuric acid, or with benzoyl 
chloride and a trace of sulphuric acid, were unsuccessful. 

The author thanks Professor J. W. Cook, F.R.S., for his interest in this work, which has been made 
possible by the award of an Imperial Chemical Industries Research Fellowship, All analyses are 
microanalyses by Mr. J, M. L. Cameron. 

University of Glasgow. [Received, October Itk, 1946.] 


177. New Potential Chemothera’peutic Agents. Part VII. 
Experiments on the Synthesis of 8-Aminopurines. 

By F. E. King and T. J. King. 

With the possibility that the synthesis of potential adenine inhibitors might lead to a 
plasmodicidal compound, the preparation of basically-substituted purines related to adenine, 
e.g. (II; R = NH*[CH 2 ] 3 'NEt 2 ), has been inv-^estigated. The principal intermediates obtained 
in this research are the previously unknown purines (V; R = NHPh) and (VI; R = OH), 
and the triazole (IX; R = Me), but only in (VI; R = OH), the methylthio-group of which 
does not react with amines, was it possible to replace the 6-hydroxyl group by a basic 
substituent. The arylcarbamides (IV ; R = SH) and (IV ; R — NH 2 ) were resistant to 
cyclisation, but the derivative (IV ; R = OH) was successfully converted into (V; R = NHPh), 
which was also directly obtained from the hydrochloride of (HI) and phenylcyanamide in boiling 
butanol, possibly through the 0-butyl ether (IV ; R = O'QH^). 

In its application to antimalarial compounds, the current theory as to the mode of action of the 
more specific chemotherapeutic agents was first expressed by Oesterlin (Klin. Woch., 1936, 15, 
1719), who suggested that the activity of mepacrine and pamaquin arose from their easy 
reduction to dihydro-derivatives, a property which enabled them to inhibit some riboflavin- 
containing enzyme essential to the metabolism of the parasite. The close structural resemblance 
of these drugs to riboflavin is in agreement with this idea, and the ability, not only of mepacrine 
but also of some of the newer pyrimidine antimalarials (see Curd and Rose, /., 1940, 343 et 
seq.), to function as riboflavin antagonists has recently been experimentally demonstrated in 
nutritional investigations with Lactobacillus casei by Madinaveitia (Biochem. 1946, 40, 373). 

If, as these observations seem to imply, antimalarial action is dependent on the inhibition of 
well-known enzymes, it should also be possible, by means of suitably constituted reagents, to 
arrest the growth of the plasmodia by interfering with the synthesis or utilisation of other 
co-enzyme constituents, for example, the purines adenine and guanine. Such a hypothesis has, 
in fact, lately been propounded by Hull, Lovell, Openshaw, Payman, and Todd (/., 1946, 360) 
to account for the antimalarial properties of certain 5-methylpyrimidines, which these authors 
consider may be due to blocking of the purine biosynthesis by the 5-substituent. From 
considerations similar to those advanced by Todd and his colleagues (loc. cit.), it occurred to us 
that useful results might follow from the preparation of purine bases as potential antimalarial 
agents, and we were for a time engaged in the synthesis of appropriately substituted compounds 
related to adenine (I) . 

The derivatives of (I) considered most likely to possess biological activity were those 
incorporating the characteristic dialky laminoalkylamino- side chain and the chlorinated or 
methoxylated aniline residue typical of what may be termed the riboflavin antimalarials. Of 
the several possible arrangements of these presumably essential components about the adenine, 
or somewhat more readily obtainable 2-methyladenine, nucleus, that shown as (II ; 
R NH*[CHj 3 *NEt 2 ) was selected as the first objective. Although the project has made 
some progress, its full development has been hindered by unexpected difficulties, the nature 
of which is indicated in the following account of the experiments. 

With 4 : 6-diamino-6-hydroxy-2-methylpyrimidine (III) as the starting point, the sequence 
of reactions in the proposed synthesis of (II ; R == NH*[CH 2 ] 3 *NEt 2 ) was (i) formation of the 
6-/>-chlorophenylthiocarbamido-derivative; (ii) its cyclisation to 8-/>-chloroanilino-6-hydroxy- 
2-methylpurine (II ; R = OH) ; (iii) replacement of the 6-hydroxjl group by chlorine, giving 
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(II ; R ==: Cl) ; and (iv) substitution of the chlorine by a diethylaminopropylamHio-group. 
Since there was no reason to suppose that the necessary conditions would be appreciably affected 
by slight variations in structure, the reactions were for the most part investigated with the 
anilino- rather than the ^-chloroanilino-derivatives. 
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The action of ammonium phenyldithiocarbamate on the diaminopyrimidine (III) in aqueous 
solution at 100^^ gave the 6-phenylthiocarbamido-deTiv2itive (IV ; R = SH), but the latter 
remained unchanged on attempted ring-closure in boiling water, and with lead hydroxide in 
refluxing ethanol or isoamyl alcohol. Methylation to the potentially more reactive methylthio- 
compound (IV ; R = SMe) could not be accomplished. However, prolonged heating of (IV ; 
R === SH) with pyridine effected cyclisation, but with the elimination of aniline, so that the 
product was ^•hydroxy-^-mercapto-2-methylpurine . {V ; R = SH). The constitution of this 
compound was confirmed by means of an independent synthesis from the diamine (III) by 
fusion with thiourea, and also by the formation of ^-hydyoxy-%-methylthio-^~methylpufine (V ; 
R = SMe) on treatment with methyl iodide in aqueous sodium hydroxide. Unfortunately, the 
methylthio-derivative could not be utilised for the synthesis of the 8-anilinopurine (V; 
R NHPh), or even of (V ; R == NH*[CH 2 ] 3 *NEt 2 ), since it failed to react with either aniline or 
y-diethylaminopropy famine . 

In order to permit of the use of other methods of ring-closure to the required base (V ; 
R = NHPh), the original scheme was modified by substituting as an intermediate 
4famino-^i^i^'-phenylcarbamidoy^-hydfOxy-2‘methylpyYimidine (IV; R = OH), which was 
prepared from (III) by the action of phenyl isocyanate in boiling toluene. Treatment of the 
carbamidopyrimidine with both phosphoryl chloride and phosphorus pentachloride under 
various conditions did not succeed in giving any purifiable substance, but witji phosphorus 
trichloride in refluxing toluene a product having the composition of the required 8-awi/i«o-6- 
hydfoxy-2-methylpurine (V ; R = NHPh) was obtained. Since there is also a possibility of 
reaction between the substituents at the 5- and the 6-position, which would result in the 
formation of 6-amino- 8-hydroxy-9-phenyl-2-methylpurine, the synthesis did not provide 
definite proof of the constitution of the new base. Moreover, the product exhibited an 
unexxiected stability towards chlorinating agents, a property which could be interpreted as a 
further manifestation of the inertness of the 8-substituent already encountered in the analogous 
8-methylthiopurine (V ; R = SMe). Accordingly, a method was designed for the synthesis of 
(V ; R = NHPh) which would leave the structure of the final product in no doubt. This involved 
the prex>aration of the guanidine (IV ; R = NHj) which was effected by prolonged heating of 
(III), in the form of its hydrochloride, with phenylcyanamide in refluxing ethanol. The 
condensation was repeated with p~chlorophenylcyanamide, both guanidines being further 
identified by their hydrochlorides and picrates, but in no circumstances could the cyclisation of 
either guanidine be achieved. Nevertheless, the product (V; R = NHPh) was ultimately 
obtained when attempting to accelerate the reaction of phenylcyanamide with the pyrimidine 
(III) by using boiling butanol instead of ethanol as solvent. The base gave a dihydrated 
hydrochloride and was in every respect identical with the substance already prepared from 
(IV ; R = OH), the constitution of which is thus established. 

The derivative (IV ; R = NHg) could not be detected in the reaction product, and together 
with the fact that it failed to cyclise under similar conditions, it is fairly certain that the 
guanidine is not an intermediate in the cyclisation. It is possible to suggest an explanation for 
the variation of product with solvent if the likely supposition is made that a preliminary step is 
the formation from the cyanamide of an imino-ether, Ph*NH*C(,NH)*0-alkyl, Two alternatives 
are then possible in the subsequent condensation with the pyrimidine 6-amino-group : (i) 
elimination of alcohol, giving the guanidine (IV ; R = NH*) ; or (ii) loss of ammonia, a reaction 
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similar to that introduced by Schmidt {Bar,, 1914, 47 , 2548) for the preparation of iV-substituted 
imino-ethers, giving (IV; R == O-alkyl). Normally, guanidine formation would be expected 
to occur, but when O-alkyl is the comparatively inert butoxy-group, formation of the substituted 
imino-ether (IV ; R = O'C^Hj) would take precedence, the final ring-closure to (V ; R = NHPh), 
a reaction of the amidine type, being facilitated by the favourable spatial configuration of the 
molecule. 

Since the anilinohydroxypurine (V ; R = NHPh) was highly resistant to attack by 
chlorinating agents, further progress in the direction of (II ; R = dialkylaminoalkylamino-) 
was impossible. Shortly afterwards, Adams and Whitmore (/. Amer, Chem, Soc., 1945, 67 , 1271) 
reported similar difficulties in attempting to convert guanine hydrochloride into 6-chloro-2- 
aminopurine. These results are surprising, particularly when compared with those from later 
experiments on the methylthiopurine (V; R = SMe). Under the conditions used by Baddiley 
and Topham (/., 1944, 678) for the preparation of trichloropyrimidine from barbituric acid, viz., 
heating with phosphoryl chloride and dimethylaniline, the only isolable product was a small 
yield of Q-‘'N-methylanilino-%-methylthio-2-methylpuYine (V; R = NMePh), but, with phosphoryl 
chloride alone, no difficulty was experienced in obtaining the (y-chloro~S-meihylthiO‘‘2-methylpurine 
(VI; R = Cl). Heating the latter in toluene with y-diethylaminopropylamine gave the 
corresponding basically-substituted purine (VI ; R = NH*[CH 2 ] 3 'NEt 2 ) which was isolated as 
the hydrochloride. The necessary y-diethylaminopropylamine was prepared by reduction of 
p-diethylaminopropionitrile in ammoniacal methanol over Raney nickel, and was characterised 
by its picrate, picrolonate, and flavianate. 

In connexion with other work on purine analogues, 5-amino-4 : 6-dihydroxy-2-methyl- 
pyrimidine (VII ; R = NHg) was required ; this we proposed to prepare from 4 : 6-dihydroxy-2- 
methylpyrimidine (VII ; R == H) via the 6-nitroso-derivative. Both the nitrosation of (VII ; 



(VII.) (VIII.) (IX.) 


R = H) and its reaction with ^-chlorobenzenediazonium chloride ha\'e been described by 
Lythgoe, Todd, and Topham (/., 1944, 315) but no attempt was made to isolate the products. 
On repeating these reactions, ^‘-g^chlorobenzeneazo-^ : iS~dihydroxy-2-methylpyrimidine (VII; 
R = N2’C6H4'C1) was obtained and characterised, but the bright green solid which separated on 
adding nitrous acid to the pyrimidine (VII ; R = H) proved to be a dinitroso-compound, and 
not the expected derivative (VII ; R = NO), In view of the reactivity of the 2-methyl group 
in certain hydroxypyrimidines, e.g., 4-hydroxy-2-methylpyrimidine, which is oxidised by 
nitrous acid to 4-hydroxypyrimidine-2-carboxylic acid (Huber and Holscher, Ber., 1938, 71 , 87), 
the product appeared to be ^-nUroso-i: : Q-dihydroxy-2-isonitrosomethylpyriniidine (VIII). The 
considerably increased yield obtained on using a second equivalent of nitrite supported this 
view, which was confirmed by reduction of the derivative to the corresponding diamine. 

From the diaminopyrimidine (III) the triazolop^Trimidine (IX ; R — Me) was prepared by 
the action of nitrous acid, and was isolated as a hydrated double salt, C 6 H 50 N 5 ,C 5 H 40 N 5 Na. 
As with the purine ( V ; R = NHPh) , attempts to replace the 6-hydroxyl group by chlorine w'ere 
unsuccessful. Roblin, Lampen, English, Cole, and Vaughan (/. Amer. Chem. Soc., 1945, 67 , 
290) subsequently described the antibacterial activity of the lower homologue (IX; R = H), 
and when tested in vitro against Staph, aureus by the method of Heatley (Lancet, 1941, 2, 177), 
the 2-methyltriazole (IX ; R = Me) was found to possess comparable activit}^ 

Hydrochlorides of the amine (VI; R = NH*[CH 2 ] 3 ’NEt 2 ), and of the guanidine (IV; 
R = NHg) and the analogous /j-chloro-compound were tested against P. gallinaceum infections 
in chicks. The tests were kindly carried out by Miss I. M. Tonkin, National Institute of Medical 
Research, London, N.W. 3, who reports that none of the compounds has antimalarial activity. 

Experimental. 

^Amino-6-{'N^-phenylthiocarbamido)-Q-hydroxy-2~methylpyrimidine (IV; R — SH). — 4 : 5-Diamino- 
6-hydroxy-2-methylp5n:imidine monohydrate (Traube, Annalen, 1923^ 43, 287) (5 g., 1 mol.) in aqueous 
sodium hydroxide (1*43 g., 1T3 mol., in 25 c.c.), and a solution of ammonium phenyldithiocarbamate 
(Org. Synth., 6 , 72) (C*66 g., 1*13 mol.) in water (25 c.c.), were heated on a steam-bath for 6 hours. The 
precipitate, together with a further quantity of solid obtained by the addition of acid, was collected and 
purified by dissolving in 2N-sodium hydroxide. The phenylthiocarhamide (6*6 g., 76%) obtained on 
acidifying the filtered solution was crystallised from a large volume of boiling water, and formed 

3 q ' 
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ccrionriess niicroscopic tablets, m. p. >310° (Found: C, £2*5; H, 6'0; S, 10'8. CijHijONjS requires 
C, 62*4; H, 4*7; S, 11-6%). The compound was insoluble in organic solvents, but dissolved readily 
in aqueous sodium hydroxide forming a mono-sodium salt and a more soluble di-sodium salt. It was 
not affected either by heating in boiling water for 48 hours, or on treatment with freshly prepared lead 
hydroxide in refluxing ethanol or tscjamyi alcohol for 24 hours. , . 

Q-Hydroxy-^-mercapto-2‘methylpUfine (V; R «= SH). — (a) The phony Ithiocarbamide (IV; R = SH) 
(6 g.) was heated in boiling pyridine (50 cx.) for 36 hours, and the solid collected and dissolved in 
2N-sodium tiydroxide. The' micro-crystalline pale fawn powder obtained on acidification passed through 
filter paper, even after heating to 100'", and the product was accordingly isolated by centrifugation, and 
washed with water and ethanol. The resulting Q-hydroxy-^-mcrcapto-^-methylpunne, 'd, light brown 
powder (2-7 g., 81%), m. p. >310“, which was very sparingly soluble in water and organic solvents, was 
purified by ])recipitatioii from its aqueous alkaline solution with acid (Found: C, 39*4; H, 3-7; S, 
17-4. CJi<jON4S requires C. 39-5; H, 3-3; S, 17-6%). It gave both a mono- and a di-sodium salt, 
the former being sparingly soluble. 

{h) When 4 ; 5-diamino-6-hydroxy-2-methylpyrimidine (5 g.) and excess of thiourea (10 g.) were 
fused over a flame for 30 minutes, the mixture frothed and evolved ammonia. After cooling, 
the mercapt(;}iurine wa.s extracted with dilute alkali, the purified product (4*95 g., 86%) being identical 
in appearance, solubilities, etc., with that from reaction (a) (Found : S, 17*0%). 

(^~Hydroxy-S^methylthio-2-methylpunne (V ; R =SMe).'-~6-IIydroxy-8-mercapto-2-methylpurine (5 g.) 
in excess of "2N“Sodium hydroxide was shaken at room temperature with methyl iodide (4*0 g., 1*1 
mol.) for 20 minutes. <3n neutralisation, the metkylthiopurine (4*3 g., 81%) separated in pale fawn 
needles, m. p. >310*. The methyl ether is more soluble than the parent compound (V ; R = SH), 
dissolving in both acids and alkalis and crystallising well from w’ater (Found : C, 42*7 ; H, 4*4 ; N, 28*8 ; 
S, 16*4. C^HgON^S requires C. 42*9; H. 4*1; N, 28*6; S. 16*3%). 

On heating with aniline or y-diethylaminopropylaniine the methylthiopurine was either largely 
unchanged or, under extreme conditions, suffered decomposition. 

4i~Amino-Ci-‘{H'-phenylcarhamido)-id-hydroxy-2~mcthylpytimidi'ne (IV ; R == OH). — 4 : 5-Diamino-G- 
hydroxy-2-methyipyriTnidinc (7 g., 1 mol.), dried at 140“/0*6 mm. over phosphoric oxide, was 
heated with phenyl isocyanafe (7 g., T17 mol.) in boiling toluene (100 c.c.) for 8 hours. The colourless 
solid product (11*5 g., 88*8%), which was vei^ sparingly soluble in organic solvents, water, and acids, 
but readily soluble in alkklis, w^as crystallised from a large volume of boiling water. The pure 
phenylcarbamidopyrimidine formed colourless microscopic rhombs, m. p. >305° (Found: C, 55*2; H, 
5*0; N, 20*5. CiaHiaO^NB requires C. 55*6; H, 5*0; N, 27*0%). 

Heating the derivative (2 g.) with phosphoryl chloride (10 c.c.), followed by removal of halide under 
reduced pressure, dissolution of the residue in ethanol, and precipitation with water, gave an 
uncrystalUsable solid (1*2 g.) devoid of halogen. Prolonged treatment with phosphoryl chloride or 
phosphorus peatachloride in toluene gave inseparable mixtures of partly chlorinated products. 

H~Amlino-&-hydroxy-2-meihylpunne (V; R ~ NHPh). — (a) 4-Amjno-6-(N'-phenylcarbamido)-6- 
hydroxy-2-methylpyrimidinc (*5 g.) in toluene (100 c.c.) was treated with phosphorus trichloride (T8 g., 

2 mol.), and the mixture refluxed for 10 hours. The solid was collected and purified by precipitation 
from its aqueous solution by addition of a large excess of concentrated hydrochloric acid. The purine 
(V ; R == NHPli) was thus obtained as a sparingly soluble hydrochloride (4*6 g., 80*4%), 
crystallising in minute pale cream-coloured plates, m. p. >310° (Found: C, 46*2; H, 5*3; 
Cl, 12*0. Ci2Hh 0N6,HC1.2H20 requires C, 46*0; H, 6*1; Cl, 11*3%. Found, after drying at 100°: 
C, 50*0; H, 4*9. CiaHjiONg.HCl.JHjO requires C, 50*2; H, 4.^5%). 

(b) 4 ; 5-Diamino-6-hydroxy-2-metiiylpyrimidine hydrochloride (5 g.) and phenylcyanamide were 
refluxed in dry w-butauol for 25 hours. The cooled product \vas filtered, thus giving a fawn solid (6g.), 
which was extracted with hot water (300 c.c.). The undissolvcd halogen-free product (2*3 g., 33*6%) 
was soluble in alkalis and sparingly soluble in organic solvents. It was purified by adding a large excess 
of hydrochloric acid to its alkaline solution; the hydrocliloride, m. p. >310°, then separated in minute 
almost colourless plates (Found : C, 45*7 ; H, 5*1; N, 22*2; Cl, 11*1%. Found after drying at 100° : 

C, 50*0; H, 4*5%). 

Evaporation of the solution from the hot water extraction gave only unchanged diaminopyrimidine 
hydrochloride. Yields from the above condensation varied considerably and were sometimes extremely 
.small. Sejveral attempts were made to obtain the 6-chloro-dorivative from the purine (V ; R = NHPh) 
using phosphorus chlorides, but only resinous products were obtained. 

4-Amino-5-{W-phenylguanidino)-Q-hydroxy-‘2-methylpyrimidine (IV; R ==:: NH^). — Finely divided 
4 : 6-diamino- 6-hydroxy- 2-mc thy Ipyrimidine hydrochloride (T5 g.) and excess of phenylcyanamide 
(2 g.) were heated in boiling ethanol (60 c.c.).for 30 hours. The resulting solid (2*2 g., 83%) was collected 
and the guanidine purified as hydrochloride by crystallisation from dilute hydrochloric acid, from which 
the salt separated as small colourless plates, m. p. 296° (decomp.), soluble in alkali, vejy sparingly soluble 
in organic solvents (Found : C, 45*6; H, 6*6; N, 26*5; Cl, 11*6. Ci^Hx^ON^HChHaO requires C, 
46*1; H,6*4; N,26*8; Ci.ll*4%. Found after drying at 100° : C,47*2; H, 6*3. C„Hi40Ne,HCl,JH20 
requires C, 47*4; H, 6*3%), ' 

On treating a solution of the pure hydrochloride with aqueous sodium picrate, the very sparingly 
soluble picrate separated as thick, minute yellow prisms, m. p. 270° (decomp.) (Found : C, 42*8 ; H, 3*9, 
CiaHi40Ne, CoHaOyNg.HaO requires C, 42*7; H, 3-8%. Found after drying at 100° : C, 43*8; H, 3*9. 
CijH440N4,C4H30,Nj requires C, 44*3; H, 3*6%). 

Attempted ring-closure to (V ; R = NHPh) by heating alone, or in high boiling solvents, or with 
concentrated hydrochloric acid, was unsuccessful. 

p-CMorophenylcyanamide . — To ^-chlorophenylthiourea (Stolle, J, pr. Chem., 1932, 184 , 282) (18*6 g., 

1 mol.) and lead acetate (50 g., 1*5 mol.) in water (200 c.c.) at 90° a solution of potassium hydroxide 
(26 g., 4 mol.) in water (50 c.c.) was added. The mixture was shaken during 15 minutes* hea&ig on a 
steam-bath, and. after removal of lead sulphide, the clear solution was cooled and acidified with acetic 
acid. p-Cklorophenylcyanamide separated as a colourless solid (9*4 g., 61%), insoluble in water, very 
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soluble in the common organic solvents, and ciystaUising from aqueous ethanol in long silky colourless 
needles,m.p. 107° (Found: C.56-0; H.3-2; Cl, 24-1. C,HbN,C 1 r^uires C, 56-0 ; H,3-3; Cl,23*3%). 

^Amino-5'-{i^'~p-cMorophenylguanidinoyQ-hydroxy-2-methylpyrifnidine» — Finely powdered 4 : 5-di- 
anuno-0-hydroxy-2-methylp3rrimidine hydrochloride (6 g.) and excess of />-chlorophenylcyanamide (10 
g.) were refluxed in ethanol for 30 hours. The crystalline guanidine was collected and purified as the 
dihydrochloride by precipitation from an alkaline solution with hydrochloric acid. The salt formed a 
colourless microcrystalline powder, m. p. 302° (decomp.), virtually insoluble in organic solvents (Found ; 
C, 39*4; H, 4*1; Cl, 29-4. CigHj30NeCl,2HCl requires C, 39*4; H, 4*1; Cl, 29*8%). 

The picrate, which was precipitated from aqueous solutions of the hydrochloride and sodium picrate, 
crystallised from ethanol in minute yellow prisms, m. p. 268° (deconqi.) (Found : C, 39*9; H, 3*6; N, 
23-6. Ci3Hi30NeCl,C6H30,N3.H20 requires C, 40*2; H, 3*3; N. 23*4%). 

Q-N^Methylanilino-S-methylthio-2'methylpurine (VI; R = NMePh). — 6-Hydroxy-8-methylthio-2- 
methylpurine (3 g.) was refluxed for 3 hours with phosphoryl chloride (3*2 c.c.) and dimethylaniline (2 
C.C.). The dark liquid was poured on ice, and after 1 hour the water layer was decanted and the residual 
tarry product triturated with a little ethanol. The crystalline residue (0*9 g., 22%) was the 6-methyl - 
anilinopurine hydrochloride, which separated from alcohol-ether as a grey microcrystalline powder, 
m. p. 270 — 271° (decomp.), soluble in water, ethanol, and acetone, insoluble in ether (Found : C, 62*5; 
H, 6*2; Cl, 10*4. Ci4Hi6NBS,HCl,C2HeO requires C, 62*2; H, 6*0; Cl, 9*7%). 

Q-ChloroS~fnethylthio-2'methylpurine (VI; R = Cl). — 6-Hydrox5r--8-methylthio-2-mcthylpurine (3 g.) 
was refluxed for 3 hours with excess of phosphoryl chloride. The thick black syrup remaining after 
evaporation was treated with sodium carbonate (2 g.), water {r«. J c.c.), and toluene (60 c.c,), and 
the mixture heated to boiling. The hot toluene solution was decanted, and on cooling it deposited the 
chloropurine (1*76 g., 63%) in long colourless silky needles. The product was easily soluble in ethanol 
and almost insoluble in water. Crystallised from toluene, the pure compound had m. p. 231° (Found : 
C, 39*8; H, 3*6; Cl, 16*9, C^H^N^CIS requires C, 39*2 ; H. 3*3; Cl, 16*6%). 

y-Dietkylaminopropylamine (cf. Whitmore et al., J. Atner. Chern. Soc., 1944, 66, 725). — Reduction of 
jS-diethylaminopropionitrile (Holcomb and Hamilton, ibid., 1942, 64 , 1809) (15 g.) in ammoniacal methanol 
(150 c.c. saturated at 0°) at 100°/100 atm. for 20 minutes gave y-diethylaminopropylamine (12*3 g., 82%), 
b. p. 175°. It was identified by the picrate, m. p. 192° (decomp.) (literature 194°); the picrolotiaie, 
m. p. 261° (decomp.), a microcrystalline powder, very sparingly soluble in hot alcohol (Found : C, 49*4; 
H, 5*4. C7 Hjl8N2,2CioH 805N4 requires C, 49-2; H, 5*4%); and the flavianate, yellow-orange, 
felted needles, m. p. 260° (decomp.), readily soluble in hot ethanol (Found: C, 46*8; H, 6-3. 
CjHiaNa.CioHeOgNjsS requires C, 46*0; H, 5*4%). 

Q-y-DiethylaminopropylaminQ-%-methylthio-2-methylpurme (VI; R NH*[CH2]3*NEt2). — The 
hydroxypurine (VI ; R OH) (6 g.) was chlorinated as before, and the product remaining after removing 
excess of phosphoryl chloride was heated with y-diethylaminopropylamine (6 g., 1*6 mol.) in boiling 
toluene (76 c.c.) for 10 hours. The solvent was evaporated under reduced pressure and the tarry residue 
extracted with ethanol (160 c.c.). Dry hydrogen chloride was passed into the extract and the volume 
reduced to 50 c.c. on a steam-bath. On cooling, the purine hydrochloride (14*5 g., 80%) separated as 
brown tablets, soluble in water, alcohol, and acetone ; when recrystallised from etlianol- ether it formed 
colourless tmsms, m. p. 243° (Found : C, 44*0; H, 6*9; N, 22-1; Cl, 19*2; S, 8*0. Ci*Ha4N-S,2HCl 
requires C, 44*1; H, 6*8; N, 22*1; Cl. 18*6; S, 8*4%). 

On treating the above alcoholic extract with picric acid, the sparingly soluble picrate was obtained, 
which crystallised from alcohol as a monohydrate in yellow needles, m. p. 110° (decomp.) (Found : C, 
40*3; H, 4*3; N, 21*0. Ci4H24NbS, 2C,H30,N„H,0 requires C, 39*8 ; H. 4*1; N. 21-4%). 

b-^-Chlorohenzcneazo-A: : Q-dihydroxy-2-methylpyrimidine (VII ; R = N2*C4H4*C1) (cf. Lythgoe, 
Todd, and Topham, loc. cit.). — A solution of p-chlorobenzenediazonium chloride, from />-chloroaniline 
(25 g.), in excess of hydrochloric acid was slowly added to 4 : 6-dihydroxy-2-methylpyrimidine (26 g.) in 
2N-sodium carbonate (100 c.c.) containing excess of sodium acetate. The precipitated pale yellow solid 
(39*9 g., 76%) was collected and dried at 100°. The pyrimidine was sparingly soluble in organic solvents, 
but was crystallised from a large volume of ethanol, forming yellow needles, m. p. >310°, which dissolved 
in alkali to an orange solution (Found : C, 60*0; H, 3-5. CiiH202N4Cl requires C, 49*9; H, 3*4%). 

6~Nitroso-4c : Q-dihydroxy-2-isonitrosomethylpyrimidine (VllI) (cf. Lythgoe, Todd, and Topham, loc. 
cit.). — Sodium nitrite (5*6 g., 2 mol.) was added to the pyrimidine (VH ; R = H) (5 g., 1 mol.) (Dox and 
Yoder, /. Amer. Chem. Soc., 1922, 44 , 361) dissolved in 2N-.sodium hydroxide, and the mixture trcate<l 
with excess of hydrochloric acid. A dark green solid immediately separated, which was collected and 
washed with alcohol and ether. The dinitrosopyrimidine (6*4 g., 89%) became grey at 100° but did not 
melt below 310° (Found : C, 32*2; H, 2*6. C5H4O4N4 requires C, 32*6; H, 2-2%). It was insoluble in 
organic solvents, but dissolved in aqueous alkali from which it was precipitated by acid. Repeated 
dissolution in alkali destroyed the characteristic green colour, and the pyrimidine was better purified 
through the sodium salt. This separated on the addition of alcohol to its aqueous solution as a bright 
green microcrystalline powder, m. p. >310°, containing water of crystallisation (Found : C, 21*5; H, 
2*6; N. 19*9. C BHj04N4Na2, 2 JHaO requires C, 22 0; H, 2*6; N, 20*5%. Found after drying at 100° • 
C, 24-1; H, 1*4. C6Ha04N4Naa,Ha0 requires C, 24*4; H, 1-6%). 

^‘Amino-^\%-‘dihydroxy-2'aminomethylpyrimidine. — ^The nitroso-compound (VIII) (11*5 g.) was 
added to aqueous ammonia (50 c.c. of 17%) saturated with hydrogen sulphide at 0°. After a few seconds 
the green colour disappeared, and a yellow solid was deposited, probably an ammonium salt. This was 
dissolved in hot water, and on acidifying with concentrated hydrochloric acid the diamine hydrochloride 
separated as a light pink powder (6*1 g., 42*6%), with decomposition point 200° (Found ; C 26*3 * H 
4-8. C5HgOaN4,2HCl requires C, 26*2; H, 4-4%). ’ * 

Both rile hydrochloride and the free base are very soluble in water, sparingly soluble in organic 
solvents. Heating the base with water led to decomposition with elimination of ammonia. 

6 : 6-(4 : ^•Triazolo)-irhydroxy‘2-methylpyrimidine (IX; R = Me). — The diaminopyrimidine (III) (5 
g.), dissolved in excess of hydrochloric acid, was treated at 0° with aqueous sodium nitrite (2*2 g. in 10 
C.C.), and after 10 minutes the solution was carefully neutralised with solid sodium hydrogen carbonate. 
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The precipitated solid (3 g., 60%) crystallised from water in long plates, m. p. 310®, soluble in aqueous 
alkaa and acid, and was found on analysis to consist of the triazolopyrimidine acid sodium salt trihydrate 
(Found: C, 31-4; H, 4*3; N, 37*0; Na, 6*1. C.H60Nj,C5H,0N5Na,3Ha0 requires C, 31*7; H, 40; 
N, 37 0; Na, 61%). The compound was remarkably resistant to chlorinating agents, being almost 
quantitatively recovered even after fusion with phosphorus pentachloride. 

The authors thank the Medical Research Council for the award of a grant to one of them (T. J. K.) 

Dyson Perrins Laboratory, Oxford. [Received, October Sth, 1946.] 


178. The Constituents of Natural Phenolic Resins. Part XXI.* 
The Structure of Diisoeugenol. 

By Neville J. Cartwright and Robert D. Haworth. 

Structure (I ; R = H) suggested for diisoeugenol in 1931 has been disproved by the synthesis 
of a tetramethoxyanthracene derivative of structure (I ; R = Me) which, in its ready 
dehydrogenation, differs markedly from diisoeugenol dimethyl ether. Structure (III ; R = H) 
is rejected because (a) such a lignan structure would be inconsistent with the difficulties 
experienced in the dehydrogenation of ditsoeugenol derivatives, and (h) synthetic analogues of 
(III ; R -- Me) give colour reactions which differ from those shown by diisoeugenol dimethyl 
ether. Structure (IV ; R == H) recently advanced by Muller ei al. is regarded as the most likely 
structure for ditsoeugenol for the following reasons. The ketone (VIII) has been synthesised 
and shown to be identical with the red oxidation product of dii5oeugenol dimethyl ether wliich 
Haworth and Mavin (/., 1931, 1363) had regarded as an anthrone derivative. The hydrindenes 
(IX) and (IV ; R *= Me) have been synthesised ; both resist dehydrogenation and both give 
colour reactions resembling those exhibited by diisoeugenol dimethyl ether. The hydrindene 
(IV ; R — Me) is, however, not identical with dusoeugcnol dimethyl ether, but the difference 
may be stereochemical. 


The constitution of diisoeugenol has recently been the subject of eight .communications by 
Miiller ei al, [(i) Ber,, 1942, 75, 692; (ii) ibid,, p. 891; (iii) ibid., 1943, 76, 865; (iv) ibid., p. 
1061; (v) ibid., p. 1119, (vi) ibid., 1944, 77, 6; (vii) ibid., p. 12; (viii) ibid., p. 159] and as 
conclusions similar to our present views have been reached, it is desirable, in spite of the 
incomplete nature of our work, to place on record our contributions to this problem. 

In 1931, Haworth and Mavin (/., 1931, 1363) suggested that diisoeugenol had structure 
(I ; R = H) instead of the cycldbwXoxLQ structure (II) proposed by earlier workers. The 
introduction of this anthracene structure rested very largely on the isolation of 2 : 3 : 6 : 7-tetra- 
methoxyanthraquinone from the products of the chromic acid oxidation of ditsoeugenol dimethyl 
ether, but Szeki {Annalen, 1933, 507, 197) and Szeki and Haraszti {ibid., 508, 294), disregarding 



VNor 

iJoMe 


(I.) 


MeO 

(II.) 


OH 



this evidence, adhered to the cyc/ebutane structure (II). Muller et al. [(i) and (ii)] first proposed 
the lignan structure •}* (III ; R = H) but in later communications they abandoned this in favour 
of the hydrindene structure (IV ; R = H) which resembles the metanethole structure suggested 
by Baker and Enderby (/., 1940, 1094). 

Muller’s conclusions depend to a great extent upon the oxidation to o-veratroylveratric acid 
and upon the interpretation of the properties of a hydroxy-ketone obtained as one of the products 
of oxidation of ditsoeugenol dimethyl , ether. This substance, formulated as (V) in his later 
papers, is readily converted into a red anhydro-derivative, which is now regarded as an indene 
derivative, but for which Haworth and Mavin (loc. cit.) had tentatively proposed an anthrone 
structure. In our opinion Muller’s work is inconclusive ; the following observations made over 
a period of years, although equally inconclusive, have led us quite independently to the view 
that ditsoeugenol is best represented by the hydrindene structure (IV ; R == H). 


* The last communication (/., 1944, 636) of this series was erroneously numbered as Part XIX 
instead of Part XX. 

t Oliverio (Gazeetia, 1943, 78, 270) Tepoarta that he suggested the lignan formula (III; R = H) for 
diijoeugenol in 1937. 
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In 1937, unpublished work with Miss W. Robson, B.Sc., showed that diisoeugenol dimethyl 
ether resembled 2:3:6: 7-tetramethoxy-9 : 10-dihydroanthracene in absorption spectra, both 



showing maximum absorption at a wave-length of 2860 a., but structural similarity cannot be 
inferred, as the veratrole nucleii present in both structures are responsible for the absorption. 
At this stage, unsuccessful attempts were made to dehydrogenate diisoeugenol dimethyl ether 
with lead tetra-acetate, palladium black, and selenium and aluminium chloride, and numerous 
later efforts have been equally unsuccessful. The dihydroanthracene structure (I) can now be 
discarded, because Muller’s observation that an anthracene derivative, and not a 
dihydroanthracene, is obtained by the condensation of veratrole and propaldehyde, indicates 
that dihydroanthracenes are characterised by an instability which is not shown by diisoeugenol 
dimethyl ether. In addition, we have reduced the highly fluorescent 2:3:6: 7-tetramethoxy- 
9 : 10-diethylanthracene by means of sodium and amyl alcohol to 2:3:6: 1-tetramethoxy- 
9 : \0-diethyl-^ : IQ-dihydroanthmcene (I; R = Me), m. p. 148°. Unlike diisoeugenol dimethyl 
ether, this was readily dehydrogenated with lead tetra-acetate in glacial acetic acid solution to 
the corresponding anthracene derivative, and when a drop of concentrated nitric acid was added 
to its acetic acid solution a red coloration with a permanent blue reflex was obtained which 
differed from the cherry-red test given by diisoeugenol dimethyl ether. 

Our failures, mentioned above, to dehydrogenate diisoeugenol dimethyl ether are equally 
inconsistent with the 1-phenyl- 1 : 2 : 3 : 4-tetrahydronaphthalene structure (III) ; the expected 
product, dehydroguaiaretic acid dimethyl ether, is sparingly soluble in alcohol or acetic acid, 
and its isolation from complex selenium dehydrogenation mixtures has previously (/., 1938, 
1681) been accomplished without difficulty. Attempts to synthesise the structure (III ; 
R s=s Me) by the action of methyl-alcoholic hydrogen chloride, glacial acetic, and hydrochloric 
acid mixtures, 100% formic acid, sulphuric acid of various strengths, acetic and sulphuric acid 
mixture, or phosphoric oxide in toluene on guaiaretic acid dimethyl ether, have yielded 
unchanged materials, frequently in high yield but sometimes contaminated with intractable 
oils. Other routes investigated included : (a) the conversion of isolariciresinol dimethyl ether 
(/., 1937, 386) into the corresponding 2 : 3-bischloromethyl derivative for subsequent reduction ; 
[b) dehydration and reduction of 4-hydroxy-6 : 7-dimcthoxy-l-veratryl-2 : 3-dimethyl- 
1:2:3: 4-tetrahydronaphthalene (/., 1938, 1681) ; (c) reduction of 6 : 7-dimethoxy- 1- veratryl- 
3-methyl-l : 2 : 3 : 4-tetrahydronaphthalene-2-carboxylic acid (/., 1938, 811) and the isomeric 
2-methyl- 1 : 2 : 3 : 4-tetrahydronaphthalene-3-carbox3'lic acid {loc. cit,). These experiments 
gave either unchanged material or unrecognisable oils, and although these oils may contain 
diastereoisomeric forms of the structure (III; R = Me), it is unlikely that they contain the 
highly crystalline dii^oeugenol dimethyl ether. In addition, 6 : l-dimethoxy-l-verairyl- 
1:2:3: 4:-tetYahydronaphthalene, synthesised from veratrole and ethyl p -hydroxy methylene- 
propionate, gave colour reactions differing markedly from those of diisoeugenol dimethyl ether, 
and it was smoothly dehydrogenated by lead tetra-acetate to 6 : 7-dimethoxy- 1-veratryl- 
naphthalene, m. p. 160° (/,, 1935, 636). 

These experiments led us to reject the dihydroanthracene and tetrahydronaphthalene 
structures (I) and (III), respectively, in favour of the hydrindene structure (IV), and synthetical 
confirmation of the latter has been sought. Condensation of veratrole and ethyl 
a-hydroxymethylenepropionate yielded ^^-diveratryUa-methylpropionic acid (VI), m. p. 175°, and 
the corresponding acid chloride was converted into 6 : Mimethoxy-^-veratryl-2-methylhydrindone 
(VII), m. p. 116°. This cyclic ketone was dehydrogenated by heating with palladium at 250° to 
6 : 6-dimethoxy-3-veratryl-2-inethyl-l-indone (VIII), m. p. 194 — 195°, identical with the orange- 
red ketone which Haworth and Mavin (loc. cit.) previously regarded as 2 : 3 : 6 : 7-tetramethoxy- 
9-ethylanthrone. The ketone (VII) was readily reduced by Clemmensen’s method to give 
6 : 6-difnethoxy-d-veratryl-2-methylhydrindene (IX), m. p. 117°. The ketone (VII) also reacted 
smoothly with ethylmagnesium iodide to yield the oily indene derivative (X) , which combined 
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with excess Grignard reagent with the formation of a precipitate and the evolution of ethane. 
This reaction supports the indene structure (X) and excludes an alternative 1 : 3-dimethyldi* 





hydronaphthalcnc formula arising from pinacolic change from the intermediate carbinol. The 
indene derivative (X) was reduced in acetic acid with a very active platinic oxide catalyst to give 
5 : 6-dimethoAy‘3-veratryl-2-meikyl-l-ethylhydrindene (IV; R = Me), m. p. 105°, depressed to 
96 — 98° by admixture with a specimen of difsoeiigenol dimethyl ether, m. p. 105°. The 
hydrindene {IV; R = Me), like (IX) and diisoeugenol dimethyl ether, resisted dehydrogenation 
and gave a permanent cherry-red colour with a transient purple reflex when a drop of 
concentrated nitric acid was added to its solution in glacial acetic acid. 

Structure (IV) permits of four racemic modifications. Ciamician and Silber {Atti R. Accad. 
Lined, 1909, 18, 1216) converted the readily accessible form of diisoeugenol dimethyl ether, 
m. p. 105°, into an isomer, m. p. 96°, by the action of iodine, and Muller et al, {loc. cit.) have 
obtained a third isomer, m. p. 100°, by more indirect methods. These isomeric forms were not 
available for comparison purposes but the synthetic hydrindene derivative (IV; R = Me), 
m. p. 105°, is possibly an isomeric modification of dii5ocngenol dimethyl ether, although efforts 
to convert it into a diastereoisoraeric form by the action of methyl- alcoholic hydrogen chloride 
have failed. 

The oxidation of ditsoeugenol dimethyl ether to 2:3:6: 7-tetramethoxyanthraqiiinone is 
in no way inconsistent with the hy^’drindene structure (IV ; R = Me). Dreyfuss {Gazzeita, 1936, 
66, 96) has shown that this anthraquinone, together with o-veratroylveratric acid and the 
lactone of 3 : 3' : 4 : 4'-tetramethoxy'ben2hydrol-6-carboxylic acid, is obtained by the oxidation 
of i^oolivil diinethyd ether (XI). Structure (XII) is postulated as a possible intermediate stage 
in the conversion into the anthraquinone, and a similar mechanism could obviously be 
formulated for the oxidation of the hydrindene (IV ; R Me). 
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Experimental. 

■ o ’■ ; \0-dihydrott>,thraoene (I; R = Me).— 2 : 3 : 6 : 7-Tetra- 

wit^ (Miiller. loc. cit., ili in boiling amyl alcohol (26 c.c.) was treated 

dripd \nri er.fv'».V.4 ® refluxing, water was added, the amyl alcohol was separated and 

unreduced anthrlr n:^^. f °^ under reduced pr^ure. Ethyl alcohol waLdded to the residue, and the 
anthracene R - collected and the filtrate concentrated ; the 9 ; 10-dihydro- 

147 ,400 (Ko’iind • 'I®.? Mcoliol in colourless, dense prisms (0-06 g.), m. p. 

, (bound . C, 73-7; H, 7-9; OMe, 34-6. requires C 74-1 • H 7 7 ■ OMe 34-8oA 

which gave the colour reaction described on p. 949. . requires i., is 1 , «, //, uaie, d4»/o;, 

resi?* fussed Dihydroguaiaretic Acids. — Crude extract (6 g.) of guaiacum 

hours ^ anhydride (15 c.c.) were heated on the water-bath for 2 

Diacetvl dihvdropuaiarfUr , product was collected and fractionally crystallised from ethyl alcohol. 
C H 7d^ C H O irregular prisms, m. p. 112» (Found : 

o . t''lJtfnethoxy-l-verairyl-2‘'methvLl : 2: ^ ^ ^ 




sion of the Jactone of ]9-veratroyl-a-vciatiyijuene-w-DUT5Tic acid into methyl 6 : 7-dimethoxv-l-veratrvl- 

chteide satiirated at'o°^and the^moth effected with methyl-alcoholic hydrogen 
enjonae. saturatea at O , and the methyl ester has m. p. 198° and not 178° as nreviouslv reported The 

corresponding acid was reduced m faintly alkaline solution by boiling for 4 hours mtl? sodium 
amalgam (160 parts), dunng which time a stream of carbon dioxide was passed through the solution. 
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Acidification gave 6 : 7-dimethoxy^l^veratryU2'meihyl-l : 2-dihydronaphthalene-3-carboxylic acid, which 
crystallised from methyl alcohol in clusters of fine needles, m. p. 178 — 179° (Found ; C, 68*4; H, 6‘4. 
CggHjiOj requires C, 68*8; H, fi-3%), rapidly decolorising permanganate in cold alkaline solution. 
Reduction of this dihydro-acid was effected in acetic acid solution by hydrogen in presence of palladised 
charcoal; the corresponding tetfahydvonaphthalene~3-carboxylic acid separated from methyl alcohol in 
silky needles, m. p. 162° (Found : C, 68-1 ; H, 6-9. C22H2gOj requires C, 68*4; H, 6*8%), which were 
unaffected by cold permanganate. The corresponding acid chloride was not obtained pure, and 
Rosenmund reduction to the aldehyde was not realised. 

4-iir^fo-6 : l-dimethoxy-l-vefatryU\ : 2 : 3 : ^-tetrahydfonaphthalene . — A mixture of concentrated 
sulphuric acid (11 c.c.) and glacial acetic acid (11 c.c.) was gradually added, with ice cooling, to a mixture 
of ethyl j3-hydroxymethylenepropionate (4 g.), veratrole (10 g.), and glacial acetic acid. After 18 hours, 
water was added and the product, isolated with chloroform, was hydrolysed by refluxing for 2 hours with 
10% methyl-alcoholic potassium hydroxide (36 c.c.). Removal of the solvent and acidification gave the 
crude acid (9 g.) which was refluxed with excess of thionyl chloride in chloroform. The solvent was 
evaporated, the residue dissolved in nitrobenzene (50 c.c.), and aluminium chloride (8 g.) added. After 
12 hours, dilute sulphuric acid was added, and the nitrobenzene removed in steam. The ketone, isolated 
with chloroform and washed with dilute sodium hydroxide, was distilled at 0-1 mm. (bath temp. 270°) ; 
the distillate (6 g.) crystallised from methyl alcohol in prisms, m. p. 137 — 138° (Found : C, 69-9 ; H, 6*6. 
C20H22O5 requires C, 70*2; H, 6-4%), which gave a 2 : 4-dinitrophenylhydrazone, m. p. 270° (decomp.). 

6 : l-Dimethoxy-l-vcratryUl : 2 : 3 : ^-tetrahydvonaphthalene . — The above ketone (1 g.) was reduced 
by Clemmensen's method, and the product vras distilled at 0 01 mm. and crystallised first from aqueous 
acetone and then from ligroin; clumps of fine needles, m. p. 76° (Found : C, 73*2; H, 7*3. C20H24O4 

requires C, 73*2 ; H, 7-3%), were obtained, which dissolved in concentrated sulphuric acid to give a bright 
red solution. When nitric acid was added to an acetic acid solution of the tetrahydronaphthalene, a 
reddish purple colour was obtained which gradually changed through blue and green to orange. 
Dehydrogenation with lead tetra-acetate in acetic acid solution gave 6 : 7-dimethoxy-l-veratryl- 
naphthalene, m. p. 160°. 

p^Diverairyl-a-meihylpropionic Acid (VI). — A mixture of concentrated sulphuric acid (32*6 c.c.) and 
glacial acetic acid (32*6 c.c.) was added to a cooled solution of ethyl u-hydroxymethylciiepropionate (13 
g.) and veratrole (30 g.) in acetic acid (25 c.c.). After 12 hours the oily product, isolated with chloroform, 
was hydrolysed by refluxing for 2 hours with 10% methyl-alcoholic potassium hydroxide (100 c.c.). 
The acid (VI) crystallised from ethyl acetate in nodules of needles, m. p. 176° (Found : C, 66*7 ; H, 6*7 ; 
equiv., 362. CaoH2402 requires C, 66*7 ; H, 6*7% ; equiv., 360). 

5 : 6-Dimethoxy-3-verairyl-2-methylhydrindonc (VII). — The above acid (VI) (5*5 g.), in chloroform 

(60 C.C.), and thionyl chloride (3*5 g.) were refluxed for 1 hour, and the solvent removed in a vacuum. 
Aluminium chloride (5*6 g.) was gradually added with cooling to a solution of the residue in nitrobenzene 
(60 c.c.) and, after 12 hours, the mixture was decomposed and the nitrobenzene removed in steam. The 
product, isolated with ether and washed with sodium hydroxide solution, crystallised from methyl 
alcohol in large prisms (6 g.), m. p. 116° (Found : C, 69*9 ; H, 6*4. CaoHgaOs requires C, 70*1 ; H, 6*4%), 
yielding an oxime, which separated from methyl alcohol in long glistening needles, m. p. 149 — 150° 
(Found: C, 67*3; H, 6*4. C20H23O5N requires C, 67*2 ; H, 6*4%). 

6 : ^-Dimethoxy-3-veratryl-2-methyU\-indone (Vlll). — The hydrindone (VII) (0*5 g.) and palladium 
black (0*1 g.) were heated for 1 hour at 250°, and the product was extracted with hot alcohol. 
Concentration of the extract gave orange-red prisms (0*05 g.), m. p. 189 — 192°, raised by rccrystallisation 
from alcohol to 194 — 195°, undepressed by admixture with a specimen of the red comj)ound, m. p. 193°, 
obtained by Haworth and Mavin (loc. cit.). The synthetic indone (VIII), and the product obtained by 
oxidation of difsoeugenol dimethyl ether, both dissolved in concentrated sulphuric acid to deep purple 
solutions. 

5 : Q-Dimethoxy-Z-verairyl-2-meihylhydYindene (IX). — The hydrindone (VII) (4 g.) w^as reduced by 
Clemmensen’s method ; the product (3 g.) crystallised from methyl alcohol in long colourless needles, 
m. p. 117° (Found : C, 73*3; H, 7*4. C20H24O4 requires C, 73*1; H, 7*3%) depressed to 102° when 

mixed with a specimen of the ketone (VII). The hydrinaenc (IX) lacked ketonic properties, dissolved in 
concentrated sulphuric acid to a yellow solution, and gave the colour reaction described on p. 960. 
Dehydrogenation with selenium or lead tetra-acetate did not yield recognisable products. 

5 : Q-Dimethoxy-3’Veratvyl-2-methyl-\-ethylindene (X). — The hydrindone (VII) (5 g.) in benzene (50 

c.c.) was gradually added to a solution of ethylmagnesium iodide, prepared from magnesium (1*0 g.) and 
ethyl iodide (7*6 c.c.) in ether (50 c.c.). After decomposition with ice and ammonium chloride, the 
product was heated at 180° for J hour with an equal weight of potassium hydrogen sulphate. The 
indene derivative (X), isolated with ether and washed with sodium bicarbonate solution, was obtained as a 
pale yellow resin, b. p. 195°/0*005 mm. (Found : C, 75*3; H, 7*7. C22H2604 requires C, 74*6; H, 7*4%), 

which reacted with ethylmagnesium iodide with formation of a precipitate and the evolution of ethane. 

6 \ Q-pimethoxy-3‘Veratryl-2-methyl-l-ethylhydrindene (IV; R — H). — The indene derivative (X) 
(0*5 g.) in glacial acetic acid (10 c.c.) was shaken with hydrogen in the presence of freshly prepared 
Adams’s platinic oxide catalyst (0*06 g.). The theoretical volume of hydrogen was absorbed in i hour. 
After filtration from the catalyst, water was added and the product was isolated wdth ether, and wa.shed 
with sodium bicarbonate solution. Removal of the ether left an oil which rapidly solidified and then 
crystallised from methyl alcohol in elongated prisms, m. p. 106° (Found : C, 74*0; H, 8*1. C22H28O4 
requires C, 74*2; H, 7*9%) depressed to 96 — 98° when mixed with diisoeugenol dimethyl ether.* The 

* Note, added \2th October, 1946 . — Chemical Abstracts, 1946, 40 , pp. 5041 — 5043, which has just been 
received, contains summaries of two additional papers by Muller and his co-workers, but the original 
papers (Ber,, 1944, 77, 326, 343) are not available. In the second of these papers Muller describes the 
synthesis, by methods similar to ours, of the hydrindene (IV ; R == Me), m. p. 106 — 106°. No mention 
of a direct comparison between the synthetic product and diisoeugenol dimethyl ether is included in the 
abstract, but, contrary to our observations, the title of the paper implies that identity is claimed. — R. D. H. 
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product, which did not decolorise permanganate in hot or cold acetone solntion, was recovered after 
refluxing with methyl-alcoholic hydrogen chloride for hours. It dissolved in concentrated sulphuric 
acid to an orange solution with a green fluorescence, and when a drop of concentrated nitric acid was 
added to its solution in glacial acetic acid, a red colouration with a purple reflex was obtained, which 
gradually changed to a pure cherry-red colour. Dehydrogenation with lead tetra-acetate in acetic acid 
or selenium at 280“ yielded either unchanged material or unrecognisable tars. 

Our thanks arc due to the West Riding Education Committee for a Scholarship. 

The University, Sheffield, 10. [Received, October 14/A, 1940.] 


179. Substituted Benzilic Acids and Benzophenones. 


By A. H. Ford-Moore. 

A method for preparing substituted benzilic acids is described. Since these acids can be 
oxidised smoothly to the corresponding benzophenone, a number of the latter compounds which 
cannot be prepared by the Friedel-Crafts method are made available. The ethochlorides of the 
diinethylaminoethyl esters of some of these acids have been prepared, and their mydriatic 
activity measured against atropine sulphate. 


In a recent paper (Ford-Moore and Ing, this vol., p. 65), a number of synthetic mydriatics was 
described. One of these compounds, benzilyloxyethyldimethylethylammonium chloride 
(I; Rj = Rj = Ph), for which the name Lachesine '' has been suggested, was found to have 
a mydriatic activity equal to that of atropine sulphate. Certain other compounds in which 

CK ill., (OH) •COg-CHa-CHj-NMegEtlCl (I .) 


substituents were introduced into the benzene nuclei of (I) were also prepared but were not then 
described. The result of this substitution was to reduce greatly, or even to abolish, the 
mydriatic activity of the compound. 

This paper describes the preparation of the substituted benzilic acids used. These are 
mainly symmetrically disubstituted acids, but two monosubstituted acids were prepared and 
are included. 

Two methods are av ailable for the preparation of benzilic acids ; oxidation of a benzoin with 
bromate and alkali, and treatment of a benzil with aqueous-alcoholic potash. Since the benzoins 
of substituted benzaldehydos could not usually be made to solidify, whereas the corresponding 
benzils were highly crystalline, the second method was adopted. Most of the substituted benzils 
are, however, so sparingly soluble in ac|ueous-alcoholic potash that conversion into the benzilic 
acid either takes place very slowly or not at all. Since these acids decarboxylate somewhat 
readily to give the benzhydrol, it is not safe to prolong the potash treatment for more than ten 
minutes. 


Rearrangement of the substituted benzils can be brought about very readily by heating for 
ten minutes or less with a 20% solution of potassium hydroxide in hot w-butanol. In certain 
cases, the potassium salt of the acid separates out and only requires to be filtered off, washed 
with a little ether, dissolved in water, and acidified. Where the potassium salt is soluble in 
butanol. It can be extracted with water, a little ether being added to facilitate separation into 
two layers. ^ 

When the aqueous solution of the potassium salt is acidified, there is a strong tendency for 
the acid to separate in an obstinately gummy condition. Crystallisation can usually be induced 
by adding a small amount of a suitable solvent (benzene or petrol) and scratching. Seed if 
available, will greatly hasten solidification. 

The substituted benzilic acids are oxidised smoothly and in good yield by chromic anhydride 
in acetic ^id to the corresponding benzophenone (cf. Jena, Annalen, 1870, 155, 83). A number 
of the latter compounds, which cannot be prepared by the usual Friedei-Crafts method, are 
therefore made available. 

T'vro nKmosubstituted benzilic acids, viz., phenyl-a-naphthyl- and phenyl-S-naphthyl- 
glycolhc acids, were described by Ford-Moore and Ing (loc. cit.). The same method as had b4n 
used for preparing these acids, viz., via the deoxybenzoin. the isonitroso-derivative, and the 
benzil. was adopted for preparing phenyl-p-tolylglycollic acid and 4-chlorobenzilic acid. The 
monosubstatu^t^ benzUs, obtained in the penultimate step, are much more soluble in 
^ueous-alcohohc potash than are the disubstituted benzils. and no difficulty was experienced 
m converting them into the corresponding benzilic acids by means of this reagent. 
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Mydnatics from Svhstituted Benzilic Acids . — ^These compounds were made by the same 
method as was used for preparing (I), i.e., treatment of p-chloroethyldimethylethylammonium 
chloride with the potassium salt of the acid in ethanol (Ford-Moore and Ing, loc. cil.). The 
compounds so obtained were useless as mydriatics. Nevertheless, they serve to illustrate the 
striking decrease in mydriatic activity on introducing substituents into the benzilyloxy-moiety 
of (I). 

Experimental. 

2 : 2'-‘Dimethoxyhenzilic Acid. — o-Anisil (2 : 2'-dimethoxybenzil) (36 g.) was added to a solution of 
potassium hydroxide (17 g.) in boiling w-butanol (90 c.c.), and the mixture refluxed for 10 minutes. 
After cooling, the mixture was extracted three times with 100*c.c. portions of water, some ether being 
added to facilitate separation into two layers. The combined aqueous extracts were extracted once with 
ether (60 c.c.) to -remove any dissolved butanol, freed from ether with a current of air, and acidified to 
Congo-red with hydrochloric acid. The dimethoxybenzilic acid was precipitated as a sticky mass which, 
if it did not solidify rapidly, could be made to do so by decanting the water, adding about 20 c.c. of 
benzene, and scratching. The yield was 33 g., m. p. 160°, after crystallising from methanol (Found : 
C, 66-4; H, 6-6. requires C, 66-6; H, 6*6%). 

Piperonilic (3 : 4-3' : i'-iismethylenedioxybenzilic) acid, m. p. 139° from ethyl acetate (Found : C, 
61*0 ; H, 4-0, Cj^HiaO, requires C, 60*8 ; H, 3*8%). 4 : 4'-dimethoxybenzilic acid, m. p. 171° (decomp.), 
from methanol (Bosler, Ber., 1881, 14 , 327, gives 164°) (Found : C, 66-36; H, 6-7. Calc, for CjgHieOg : 
C, 66*6; H, 6*6%), and 3 : 3'-dichlorobenzilic acid, m. p. 110° from benzene-petrol (Klimont, Diss., 
Heidelberg, 1891, gives 114—116°) (Found: C. ,56*4; H, 3-4. Calc, for C14H10O8CI2 : C, 50*56; H, 
3*35%), were prepared similarly. The last compound was rather reluctant to crystallise but could be 
made to do so by adding petrol (b. p. 40 — 60°) and scratching. 

6 : 5'~Dibromo-2 : 2' -dimethoxybenzilic Acid. — The corresponding benzil (cf. Kuhn, Birkofer, and 
Moller, Ber., 1943, 76 , 903), m. p. 231° (20 g.), was treated with potash-butanol (7 g. ; 40 c.c.) as for 
the dimethoxy benzil. On cooling, the potassium salt of the acid separated. It was filtered off, washed 
free from butanol with ether, and freed from ether by standing in the air for a short time. It 
was dissolved in water and acidified with hydrochloric acid ; yield, 18 g., m. p. 181°, after crystallising 
from methanol (Found : C, 42*9 ; H, 3*25. CiellijiOaBra reqiiires C, 43*1 ; H, 3*15%). 

Veratrilic acid (3 : 3' : 4 : 4'-tetramethoxybenzilic acid) was prepared similarly; it melted at 131° 
after crystallising from ethyl acetate (Vanzetti, Atti R. Accad. Lincei, 1936, 24, 11, 468, gives ca. 68") 
(Found: C, 61*9; H, 5*8. Calc, for CjgHaoO, : C, 62-05; H, 5-8%). 

These acids show a tendency to undergo partial decarboxylation. The benzhydrol so formed is 
difficult to remove by recrystallisation. Purification is readily effected by dissolution in dilute sodium 
carbonate solution, filtration (carbon), acidification, and crystallisation from a suitable solvent. 

2 : 2'-Dimethoxybenzophenone. — 2 : 2'-Dimethoxybenzilic acid (21-5 g.) was dissolved in boiling 
glacial acetic acid (100 c.c.) and oxidised by gradual addition of powdered chromic anhydride (5*6 g.). 
The reaction proceeded without the application of heat. When it was complete (10 mins.), the mixture 
was poured into water. The ketone, which rapidly solidified, was filtered off and washed free from 
chromium salts successively with water, dilute sodium carbonate, and water; yield 15 g., m. p. 103°, 
after crystallising from methanol (Graebe and Feer, Ber., 1896, 19 , 2610, give 104°; fochter, J. pr. 
Chem., 1883, 28 , 287, gives 98°). 

3 : 3' : 4 : 4'-Tetramethoxybenzophenone, m. p. 147° from ethanol (Kostanecki and Tambor, Ber.. 
1906, 89 , 4027, give 146°), 6 : 5'-dibromo-2 : 2'-dimethoxybenzophenone, m. p. 128° (Diels and 
Rosenmund, ibid., p. 2362, give 123°), and 3 : 3'-dichlorobenzophenone, m. p. 123 — 124° from methanol 
(Found : C, 62*3; H, 3-5. CjaKgOCla requires C, 62*2; H, 3*2%), wore prepared similarly from the 
appropriate benzilic acid. 

^Chlorobenzilic acid and phenyl-p-tolylglycollic acid were prepared by the method described in the 
text. The former melted at 131° (Found : C, 64*1 ; H, 4-45. Ci4Hi,03Cl requires C, 64-0; H, 4*2%), 
and the latter at 132° (Weiss, Monatsh., 1919, 40 , 396, gives 131 — 133°), both having been crystallised 
from benzene. 

Colour with Concentrated Sulphuric Acid. — The benzilic acids described above gave the following 
colours with concentrated sulphuric acid : 2 : 2'-dimethoxy-, brilliant greenish-blue ; 4 : 4'-dimethbxy-, 
brilliant bluish-green; 3 : 3' : 4 : 4'-tetramethoxy-, brilliant bluish-green; 3 : 4-3' : 4-bis-methylene- 
dioxy-, dark greenish-brown ; 5 : 6'-dibromo-2 : 2'-dimethoxy-, brilliant bluish-green ; 3 : 3'-dichloro-, 
violet ; 4-chloro-, orange-red ; phenyl-/?-tolylglycollic acid, dark reddish-brown. 

Dimethylaminoethyl ester ethochlorides and their mydriatic activity.* 


Analysis, %. 


Serial 

number. 

Ri — Rg — 

M. p.t 

Found : 
C. 

H. 

Reqd. : 
C. 

H. 

R.M.P.t 

E19 

3 : 4-CHjOj:CgH8 

226° (d.) 

68*30 

6*77 

68*46 

5-80 

0 

£18 

/^-OMe-CgHg /^-OMe-CaHg 

136° 

62-64 

7*28 

62*36 

7-08 

8 

£20 

m-CbCeHg w-Cl-CeH4 

218—220° (d.) 

55*61 

5*50 

65*50 

5-69 

0 

£24 

/)-Me-CaH4 Ph 

189—190° 

67*00 

7*44 

66*75 

7*47 

16 

£23 

^-Cl-CeH* Ph 

196—197° 

60*33 

6*37 

60-32 

6-33 

0 


* Cf. Ford-Moore and Ing (loc. cit.). 

t The solvent used for recrystallisation was ethanol-acetone. 

J Relative molar potency (atropine sulphate = 100) on mouse eye. 


The microanalyses were carried out by Mr. W. Brown and by Messrs. W^iler and Strauss. 
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180. Some Heterocyclic Methylene Bases and their Anilomethyl 

Derivatives. 


By Frances M. Hamer, Russell J. Rathbone, and Barbara S. Winton. 

Some heterocyclic methylene bases, not hitherto described in the solid state, have been 
prepared by the action of alkali on quaternary salts at a low temperature, foregoing extraction. 
Some new anilomethyl derivativ^es of bases of this type were prepared by the action of alkali on 
quaternary salts having a 2-)?-anilinovinyl group. They include anilomethyl derivatives of 
methylene bases derived from a benr.oxazolium salt and a thiazolium salt, although the 
unsul>stitutcd bases of thcise series are not precipitable. A practical method of preparation of 
ethyltsofornianilide is described. These compounds were made as starting materials for the 
synthesis of neocyanine and related dyes. 


By treating qninaldine etbiodide with aqueous alkali, Vongerichten and Hofehen obtained an 
oil, which they regarded as the methylene base (I) ; they showed that it reacted with quinoline 
ethiodide to give a cyanine dye {Ber., 1908, 41, 3064). Konig expressed the opinion that bases 
such as (1) and (II) play an essential part in the formation of cyanines {Ber., 1922, 55, 3293). 




Mills and Raper, considering that the oils formed by the action of alkali on quinaldine alkiodides 
could not be obtained analytically pure, examined the crystalline product (III) (/., 1925, 127, 
2460) ; this led Rosenhauer (with Hoffmann and Unger) to record his preparation of the methyl 
analogue of (1) {Ber., 1920, 59, 940). From 2-methylbenzthiazole methoperchlorate Konig and 
Meier obtained (IV) {J. pr. them., 1925, 109, 324). Clark studied the conditions favouring 
formation of this base or of the thiophenol salt (V) and similarly, from 2-methylbenzselen- 
azole methiodide, obtained two products, one of which was (VI) (/., 1928, 2313). 



Me 


(IV.) 




All these methylene bases were prepared from known quaternary salts but (VII), the first to be 
known, was made by direct synthesis (Fischer and Steche, Annalen, 1887, 242, 348: Brunner, 
Ber., 1898. 31. 012). 


(VII.) 



a ^c:cH-CH:NPii 

n/ 

Et 


(VIII.) 


In our work on the synthesis of neocyanines, the methylene bases are of interest as starting 
points. In the patent literature Brooker and White have described anilomethyl derivatives, 
(VIII), of some such bases (Kodak Ltd., B.P. 601,172/1940) and these also have the same 
interest. The present paper deals with methylene bases iind their anilomethyl derivatives. 

Success in preparing methylene bases, hitherto inaccessible in the solid state, was achieved 
by precipitating them at a low temperature, by the action of alkali on a solution of the 
quaternary salt, and foregoing extraction with a solvent. We began by making the ethyl 
analogue of (IV), choosing a readily soluble quaternary salt of 2-methylben2thiazole ; it was 
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liable to manifest its instability by decomposing during drying but we succeeded in 
recrystallising both it and its 6-cA/ofO-derivative. Its 6 : 7-&^«^-derivative showed a greater 
tendency to decompose and was not recrystallised ; in preparing this and the ethyl analogue of 
(VI), aqueous suspensions of the quaternary salts were perforce used in place of concentrated 
solutions. From concentrated solutions of alko-^-toluenesulphonates, (I) and (II) were 
prepared. Colour changes, which indicate reactivity and tendency to cyanine dye formation on 
the part of the bases, occurred before they could be filtered off but did not proceed progressively 
after they had been dried. 

Quaternary salts of certain other heterocyclic bases that are of interest in cyanine dye 
condensations do not give precipitates of methylene bases when their cold solutions are treated 
with alkali ; such are salts of 2-methylbenzoxazole, 2 : 4-dimethylthiazole, 2-methylthiazoline, 
and a-picoline. In the different series of salts it appears that there is more than one cause for 
this. In the pyridine series, the base may possibly be too soluble and more complex methylene 
bases of this series have in fact been prepared (Mumm and Hingst, Ber., 1923, 56, 2301). In 
the benzoxazole series, it is due to fission of the ring, as recognised by Konig and Meier (/. pr, 
Chem., 1926, 109, 324). 

In preparing the anilomethyl derivative (VIII) of the ethyl analogue of (IV) from 
2-p-anilinovinylbenzthiazole ethiodide, the method of the patent (KodakLtd., B.P. 661,172/1940) 
was adopted with some modification. In preparing ^•chloro-‘2-{i‘anilinovinylbenzihiazole ethiodide 
(IX; X = I), in order to make the 6-chloro-analogue of (VIII), the salt was accompanied by so 
much thiacarhocyanine (X) as by-product that we were forced, in order to get rid of the dye, 
first to isolate the pure 6-c/i/oyo-analogue of (VIII), from which we prepared the pure eihochloHde 
(IX; X = Cl), and ultimately from that the pure ethiodide (IX; X = I). We prepared the 
O-wi/yo-derivative of (VIII), starting from the product of nitration of 2-methylbenzthiazole 


Cll 


’\ 


C*CH:CH-NHPh 


EtX 

(IX.) 



(Browning, Cohen, Ellingworth, and Gulbransen, Proc, Roy. Soc., 1931, B, 108, 119; for 
orientation of the nitration product see Brooker, Keyes, and Williams, J, Amer. Chem. Soc., 
1942, 64, 199). The 6-nitro-2-methylbenzthiazole was converted into its metho-^-toluene^ 
sulphonate] this was condensed with ethyh'soformanilide (cf. Knott, /., 1940, 120), and the 
resultant salt treated with alkali to give the desired base. 

To synthesise the ^.-methyl derivative of (VIII), 2-ethylbenzthiazole, prepared by two hitherto 
unpublished methods, was converted into its etho-p-toluenesulphonate and this was condensed 
with diphenylformamidine, or better with ethyhsoformanilide, and the product treated with 


(XL) 






EtI 


C-CMe.'CH-NHPh 




TSS‘^ 

EtI 


C-CH:CMe-NHPh 


(XII.) 


potassium iodide to give (XI), whence the base was liberated by the action of alkali. We also 
prepared the ^-methyl derivative of (VIII) by the action of alkali on the quaternary salt (XII). 

In the preparation of the selenium analogue of (VIII), from the quaternary salt {XIII; 
X = I), the product refused to solidify, but after treatment with hydrochloric acid to give the 
ethochloride (XIII ; X = Cl) it was possible to obtain the solid base by the action of alkali. In 
the quinoline series we prepared (XIV), the ethyl analogue of which has been described (Kodak 
Ltd., B.P. 661,172/1940). Particularly interesting is the record in the patent that the 
anilomethyl derivative of a methylene base of the thiazoline series was prepared, since the 



C-CH:CH*NHPh 


EtX 

(XIII.) 



(XIV.) 


HX- 

HjC 




c:cH-CH:NPh 


Et 

(XV.) 


unsubstituted methylene base of this series is one of those not precipitable by the action of 
alkali on the quaternary salt. We were also able to prepare the corresponding ethyl analogue 
(XV), by applying different conditions, and the anilomethyl derivatives, (XVI) and (XVII), of 
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methylene bases of a thiazole series and of the benzoxazole series, respectively, where again the 
parent unsubstituted bases have not been described. 


H 


MeC 




■\n/ 

Et 

(XVI.) 


.c:cH*cH:NPh 



\ 

C:CH*CH:NPh 

sN/ 

Et 

(XVII.) 


Me* 

C:CH*CH:NPh 

Me 

(XVIII.) 


To obtain the anilomethyl derivative (XVII I) of the methylene base (VII), 2-p-anilinovinyl- 
3 : 3-dimethylindolenine methiodide was acted on, in benzene suspension, by aqueous alkali. 
The quaternary salt was originally prepared either by hydrolysing the corresponding 
acetanilidovinyi compound or else by heating 1:3: 3-trimethylindolenine methiodide with 
diphenylformamidine (I.C.I. Ltd., Piggott, and Rodd, B.P. 344,409/1929), but we used 
ethyh‘.s'c?formanilide instead of diphenylformamidine. 

Ethyli.^oformanilide was required for the present work and also for our synthesis of 
neocyanine, so that its large-scale production became a matter of interest. Claisen's methods 
for preparing it were to condense ethyl orthoformate (1) with aniline, (2) with diphenyl- 
formamidine, or (3) with formanilide in the presence of aniline hydrochloride (Annalen, 1896, 
287, 302). Monier-Williams (/., 1906, 89, 273) preferred to use the method of Comstock and 
Kleeburg (Anwr. Chem. 1890, 12, 497) and treated dry silver isoformanilide with ethyl iodide 
in fibsolute ether. This last did not seem practicable on a large scale and we worked out a 
modification of Claisen’s first method, including aniline hydrochloride in order to inhibit the 
formation of carbylamine. 

Experimental. 


^-TithyU2-meihylcnehcnzthiazoline. — 2-Methylbenzthiazole etho-^-toluenesulphonate (60 g. ; 1 mol.) 
was dissolved in water (70 c.c.). The solution was cooled with ice and stirred during the addition of a 
cold solution of sodium hydroxide (6-3 g. ; 1*1 mols.) in water (20 c.c.). The white solid was filtered off, 
and well washed with ice-cold water. It was dried in a vacuum desiccator and obtained in 83% yield 
(21 g.), being pale pink at this stage. Once dry, it kept for weeks without further deterioration but 
preparations on a larger scale were apt to decompose during drying. On recrystallisation from light 
petroleum (b. p. 80 — 100" ; 20 c.c. per g.), the yield was 62%. After drying in a vacuum desiccator, it 
was analysed by the method of Carius, which method was used throughout this work (Found : S, 18T6. 
CioHjiNS requires S, 18T%) ; m. p. 126 — 128° (decomp.). 

^-ChloYo-^-eihyU1-metnylembenzihiazoline., — Similarly, 6-chloro-2-mcthylbenzthiazole etho-^-toluene- 
sulphonate gave the ha$e in 87% yield; on recrystallisation from light petroleum (b. p. 80 — 100°; 275 
c.c. per g.), it fell to 67% (Found, after drying in a vacuum desiccator : Cl, 16*45 ; S, 15*1. CioHiqNCIS 
requires Cl, 16*75 ; S. 15*15%). The chalky white solid had m. p. 178 — 180° (decomp.). 

^■‘Ethyl-2-meihylene-^ ; l-benzbenzthiazoline. — 2-Methyl-6 : 7-benzbenz thiazole etho-/>-toluencsulph- 
onatc (30 g. ; 1 mol.) was ground to a paste with ice-cold water (30 c.c.), and an ice-cold solution of 
sodium hydroxide (3*3 g. ; 1*1 mols.) in water (10 c.c.) was added. The sulphur-yellow solid 

was thoroughly washed with ice-cold water and was obtained in 68% yield (11-65 g.) (Found : S, 14*65. 
Ci^HjgNS requires S, 14*1%) ; it was liable to change overnight to a sticky mass at the early stages of 
drying but, once past those early stages, could be kept unchanged in a vacuum desiccator. When 
heated, shrinking and darkening began about 40° and it was brown and sticky by 50° ; gradual melting 
and decomposition occurred, and by 90° it was a brown liquid. 

^-Ethyl-2~methylenebenzselenazoline. — 2-Methylbenzselenazole ethiodide when similarly treated gave 
a 76% yield of base. Selenium was determined as silver selenite (Becker and Meyer, Ber., 1904, 37, 
2650) (Found : Se, 35*46. C^AHnNSe requires Se, 36*3%). The yellowish-brown powder softened 
from 70" and decomposed at aDout 120°. One specimen, which had been kept for several days in a 
vacuum desiccator without change, became sticky and dark overnight, although the vacuum had been 
maintained. 

l-Ethyl-2-meihyleneA : 2-dihydroquinoline (I). — Quinaldine etho-/>-toluenesulphonate (34*33 g. ; 
1 mol.), dissolved in ice-cold water (30 c.c.), was treated with ice-cold aqueous sodium hydroxide solution 
(4-4 g., 1*1 mols., in 11 c;c.). The buff precipitate was filtered off and thoroughly washed with ice-cold 
water. After drying in a vacuum desiccator, it was obtained in 78% yield (13*37 g.), and was then 
brick-red (Found : N, 7*95. CiaHjgN requires N,‘8*2%) ; m. p. 79° (decomp.) with previous softening. 
A sample which had been kept in a vacuum desiccator for a fortnight appeared to be unchanged. 

l-Eihyl-4~meihylene-l : 4~dikydroquinoline (II). — ^Lepidine (14*31 g. ; 1 mol.) and ethyl />-toluene- 
sulphonate (20*02 g. ; 1 mol.) were heated togetlier in an oil-bath at 166-~160° for 3 hours. A solution of 
the viscous salt in water (32 c.c.) was extracted with ether, then treated ice-cold with a solution of 
sodium hydroxide (4*4 g. ; 1-1 mols.) in water (11 c.c.). The precipitate was filtered off and well washed 
with ice-cold water. The filtrate became deep blue. After drying in a vacuum desiccator, the yield of 
pale blue solid was 73% (12*65 g.) (Found : N, 8-2. CuHuN requires N, 8-2%). It had no definite 
m. p. On heating, shrinking began at 69°; in one case, with slow heating, it was black and molten by 
80°, whilst in another, violent frothing occurred between 95° and 108°. 

Z-’Ethyl-2-aniloethylidenebenzthiazoline {Vlll) . — The published method (Kodak Ltd., B.P. 661, 172/1940) 
was varied in that the suspension of 2-J5-anilinovinylben2thiazole ethiodide (103 g. ; 1 mol.) in acetone 
(940 c.c.) was shaken with a solution or sodium hydroxide (31 g. ; 3 mols.) in water (76 c.c.), instead of 
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being stirred mechanically. In one instance solution occurred, but in another, very much more acetone 
(11*4 1.) had to be added, this indicating the conversion of a less stable into a more stable form. The 
acetone extracts were filtered, with removal of bis- 2 -( 3 -ethylben 2 thia 2 ole)trimethincyanine iodide (6*81 
g.), which was recrystallised from methyl alcohol (76 c.c. per g. ; 2* 7 g. obtained) and dried in a vacuum 
at 60 — 80®, which conditions of drying were used throughout this work, except where otherwise stated 
(Found : I, 25-95. Calc, for CaiHjiNJSa : I, 25-8%). On pouring the acetone filtrate into its own 
volume of water, the base was precipitated in 70% yield (49 g.). Two recrystallisations from light 
petroleum (b. p. 80 — 100° ; 100 c.c. per g.) reduced the yield to 43% (Found, after drying in a vacuum 
desiccator : S, 11*26. Calc, for Ci 7 HigNjS : S, 11-45%). The yellow solid had m. p. 79°, whereas the 
m. p. quoted in the patent is 98 — 99° (decomp.). The absorption maximum of a methyl-alcoholic 
solution containing ammonia was at 3936 a. and of one containing sulphuric acid at 4175 a. 

6-€hloro-^^-ethyl-2-aniloethylideneben2thiazoline. — 5 -Chloro- 2 -methylbenzthia 2 ole ethiodide (20 g. ; 1 
mol.) and ethylwoformanilide (7 g. ; 1 mol.) were heated together with stirring at 140 — 150° for 1 hour. 
The product was boiled with spirit (300 c.c.), and the crystals were filtered off after cooling (22 g. 
obtained). An attempt to separate the quaternary salt from the dye by-product by boiling out five 
times with spirit (2 X 100 c.c., 2 x 160 c.c., 260 c.c.) left a dye residue (5-69 g.), and a 36% yield (9-43 
g.) of impure salt crystallised from the extracts. The dye was further boiled out twice with methyl 
alcohol (60 c.c., 100 c.c.) and the residue (4-96 g.) suspended in acetone (38 c.c.) and shaken with a 
solution of sodium hydroxide (1-36 g.) in water (5 c.c.), with the object of converting any contaminating 
salt into base. After two more acetone extractions, the residual dye was well washed with water (3-46 g. 
obtained) and recrystallised from methyl alcohol (1690 c.c.) (2-81 g. obtained) (Found: 2C1 -f- I, 
35-46. requires 2C1 4* I# 35-25%). The blue needles of bis-2-(b‘Chloro-Z~ethylhenz- 

thiazole)trimethincyanine iodide (X) did not melt below 270°. The absorption maximum was at 6625 a. 
It sensitised a gelatino-bromide photographic emulsion from 5200 to 6200 a., with a maximum at 6000 a. 
The impure quaternary salt (9-43 g. ; 1 mol.) was suspended in acetone (70 c.c.), and the ice-cold solution 
shaken with one of sodium hydroxide (2-66 g. ; 3 mols.) in water (10 c.c.). The acetone extract was 
filtered and the aqueous part further extracted with acetone, dye by-product being left undissolved. 
The extracts were precipitated with thrice their volume of water and the resultant solid was obtained in 
83% yield (5-57 g.). After recrystallisation from methyl alcohol (335 c.c.) the yield was 70% (Found : 
Cl, 11-46. C 17 H 16 N 2 CIS requires Cl, 11-3%). The yellowish-green powder had m. p. 138°. The 
absorption maximum of a methyl-alcoholic solution containing pyridine was at 4075 a. and of one 
containing sulphuric acid at 4205 a. The dye sensitised a chloride emulsion to 4900 a. with the 
maximum at 4600 a. 

5’-Chloro-2~p-anilinovinylbenzthiazole Ethochloride (IX; X = Cl). — 6-Chloro-3-ethyl-2-anilo- 
ethylidenebenzthiazoline (6-64 g.) was warmed with spirit (13 c.c.), and the susi;ension treated with 
concentrated hydrochloric acid (7 c.c.). The crystals which separated on cooling (7-49 g.) were 
recrystallised from methyl alcohol (60 c.c.) and obtained in 86 % yield (6-36 g.) (Found : Cl, 20-2. 
Ci^HieNaClgS requires Cl, 20-2%). The bright yellow powder became orange at 100 °, was brown by 
200°, and melted at 214 — 215° (decomp.). 

5- Chloro-2‘p-anilinovinylbenzthiazole Ethiodide (IX; X = I). — The ethochloride (IX; X = Cl) 
(0-45 g. ; 1 mol.) was dissolved in hot spirit (15 c.c.) and added to a hot solution of potassium iodide 
(16-6 g. ; 10 mols.) in water (30 c.c.). The crude salt (0-47 g.) was recrystallised from methyl alcohol 
(47 c.c. per g.) and obtained in 68 % yield (0-33 g.) (Found: Cl 4 I, 36-8. Ci-HigNgCliS requires 
Cl 4 I, 36-7%). The dark orange crystals had m. p. 241 — 244° (decoinp.). 

6- Nitro-2-methylbenzthiazole Metho-p-toluenesulphonate . — 6-Nitro-2-methylbenzthiazole (2-77 g. ; 

1 mol.) and methyl ^-toluenesulponate (2-66 g. ; 1 mol.) were heated together at 130° for 1 hour, and the 
product was ground with absolute ether (6-16 g. obtained ; 96%). After recrystallisation from absolute 
ethyl alcohol (10 c.c.), the yield was 88 % (4-77 g.) (Found : S, 16-8. CieHigO^NgSa requires S, 16-85%). 
The cream-coloured crystals had m. p. 194 — 195° (decomp.). 

6-Nitro~2-p~anilinovinylbenzthiazole Metho^p-toluenesulphonate. — The foregoing metho-p-toluene- 
sulpkonate (19 g. ; 1 mol.) and ethyltsoformanilide (9 g. ; 1-2 mols.) were heated and stirred together at 
130 — 140°. Fusion occurred, then vigorous reaction followed by solidification. Heating was continued 
for J hour. A suspension of the solid in spirit (50 c.c.) was poured into warm water. The product, 
after being washed with water and with acetone (18 g. obtained), was recrystallised from methyl alcohol 
(200 c.c. per g.), the yield falling from 75% to 23% (Found : S, 13-45. CagHaiOgNaSg requires S, 13-26%). 
The green crystals had m. p. 255°. 

^~Nitro-Z-methyl‘2-aniloethylidenebenzthiazoline. — The preceding compound (9-66 g. ; 1 mol.), acetone 
(300 c.c.), and 20% sodium hydroxide solution (20 c.c. ; 5 mols.) were warmed together on the 
steam-bath, then shaken vigorously for several minutes. The filtered acetone layer was concentrated 
to one-third, and poured into ice and water (600 c.c.), coagulation being assisted by addition of ammonium 
chloride. The washed product (4-83 g. ; 78%) was purified by dissolving in benzene (10 c.c. per g.), 
filtering, and precipitating with an equal volume of light petroleum (b. p. 80 — 100°) ; yield, 63% (Found : 
S, 10-45. Ci#Hi 30 . 2 N 8 S requires S, 10'3%). The brick-red crystals had m. p. 144° (decomp.) and 
desensitised strongly. The broad absorption curve of a methyl-alcoholic solution containing ammonia 
had its maximum at 3850 a. 

2-Ethylbenzthiazole. — This was originally prepared by heating o-aminothiophenol in a sealed tube 
with propionyl chloride, being characterise as its platinichloride (Hofmann, Ber., 1880, 18, 8 ). 
According to our first method, o-aminothiophenol hydrochloride (80-6 g. ; 1 mol.) was treated with 
propionic anhydride (69-5 c.c. ; 1-1 mols.) and with zinc dust (11-2 g.). The reaction was started by 
warming ; after it had subsided, the mixture was heated on the steam-bath for 2 hours, and then made 
alkaline with sodium hydroxide and steam-distilled; the oil was extracted with chloroform, and the 
extract dried (Na 8 S 04 ). After removal of the solvent, the residue was distilled in a vacuum and 
obtained in 62% yield, b. p. 127— 131°/6 mm. (Found : S, 19-8. Calc, for C^H^NS : S, 19-65%). Our 
second method consisted in preparing o-aminothiophenol from o-chloronitrobenzene (cf. I.G. Farbenind. 
A.-G., F.P. 669,921/1929; Soci4td Anonyme des Matidres Colorantes et Produits Chimiques de Saint- 
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Dems, F.P. 714,682/1930) and effecting the ring closure to 2-ethylbenzthiazole by means of propionic 
anhydride. e-Chloronitrobcnzene (100 g. ; 1 mol.), crystalline sodium sulphide (400 g. ; 2-03 mols,), 
and water (400 c.c.) were stirred together, beiujg warmed to start the reaction ; after its vigour had 
abated, heating on the steam-bath and stirring were continued for 4 hours. The mixture was 
steam-distiJled to remove o-chloroaniline, formed as a by-product (26 g. ; 32%), then it was cooled, 
treated with a solution of propionic anhydride (83 g. ; 1 mol.) in propionic acid (166 g. ; 3*3 mols.), and 
heated under rellux for an hour on the steam-bath. It was cooled, made alkaline and extracted with 
ether. The extract was dried (Na^SO*), the solvent removed, and the residue distilled under a vacuum. 
After a second vacuum distillation the yield was 34% (35 g.), b. p. 112— 114°/6 mm. (Found : S, 19*9%). 
The preparation according to the first method was carried out by Miss E. M. Wilson, and that according 
to the second by Mr. J . 1^'raser. 

2-Ethvlbmzihiazole Eiho-^-toluenesulphonate. — 2-Ethylbenzthiazole (4*08 g. ; 1 mol.) and ethyl 

j{>-toluene.sulphonate (5 g. ; 1 mol.) were heated together at 140 — laO'* for 2J hours. The solidified melt 
was ground and washed with acetone, being obtained in 84% yield (7*55 g.) (Found : S, 17*8. 
requires S, 17*65%). The pale pink solid melted at 138‘’. 

2-\^~Anilino-a-mcthylvinyl)henzihiazole Eihtodide (XI). — The preceding compound (6 g. ; 1 mol.) and 
ethyliscformanilide (2*3 g. ; 1*1 mols.) were heated together at 120 — 140“, vigorous reaction then 

occurring. Heating was continued for J hour, and the red liquid was dissolved in spirit (7 c.c.) and 
treated with a hot solution of potassium iodide (8*26 g. ; 4 mols.) in water (7 c.c.). The iodide crystallised 
and, after being washed, was obtained in 72% yield (4*3 g.), decreased on recrystallisation from ethyl 
alcoliol (50 c.c. i»er g.) to 60% (Found : I, 30*1. CigHj^NalS requires I, 30 05%). The dull red crystals 
melted at 212“ (decomp.). 

When a similar preparation w'as carried out with diphenylformamidine instead of ethyh'soformanilide, 
the yield of crude w'ashed product was only 24%. Neither diphenylformamidine nor ethyhsoformanilide 
gave a positive result when the starting point was 2 -ethylbcii 2 thiazole ethiodide instead of the 
etho-)b-tolucnesul]>honate. 

Z-Ethyl-2-aniloii>opfopyHdenebenzthiazoline. — 2-()3-Anilino-a-methylvinyl)benzthiazole ethiodide (5*44 
g.; 1 mol.), 20% sodium hydroxide solution (12 c.c.; 6 mols.), and acetone (160 c.c.) were stirred 
together and warmed on the water-bath, then ^haken in a separating funnel. The filtered acetone layer 
was poured into ice-water. The aqueous liquid was decanted from the sticky solid, which on 
crystallisation from light petroleum (b. p. 80 — 100° ; 76 c.c.) gave a 41% yield (1*67 g.) of yellow crystals, 
m p. 92“ (decomp.) (Found after drying in a vacuum at 60 — 60“ : S, 10*86. CigHjgNjS requires S, 
10*9%), The absorption maximum of a methyl-alcoholic solution containing ammonia w^as at 4005 a. 
The compound sensitised a chloride emulsion fairly strongly with its maximum at 4560 a., sensitisation 
extending to 4860 a. 

2-{^~Anilino-^-methylvinyl)benzthiazole Ethiodide (XII). — The steps in the following synthesis of the 
salt required as starting point were carried out according to directions supplied by Dr. L. G. S. Brooker : 
2-methylbenzthiazole otho-p-toluenesulphonate was converted successively into 3-ethyl-2-acetylmethyl- 
enebenzthiazoline (Kodak Ltd., 13. P. 466,269/1936), 2-)3-chloropropenylbenzthiazole ethochloride {idem, 
B.P. 633,425/1939), 3-etbyl-2-thioacetylethylbeuztliiazoline {idem, B.P. 646,706/1941), and 2-(^-methyl- 
thiopropenyl)benzthiazole etlio-p-toluenesulphonate {idem, B.P. 638,857/1941). This last salt (66*1 g. ; 

1 mol.), aniline (19*7 g. ; 1*25 mols,), and absolute alcohol (170 c.c.) were boiled together under reflux 
for 30 minutes. The yellowish-brown solution was poured into a hot solution of potassium iodide (56 g. ; 

2 mols.) in water (100 c.c.). The iodide was obtained in 84% yield (60*0 g.). On recrystallising twice 
from spirit (16 c.c, per g.), the yield dropped to 69% (Found : 1, 30*25. CigH^NglS requires I, 30*06%) . 
The bright yellow crystals had m. p. 208° (decomp.). 

Z-Ethyl-2-p~anilopropylidenebenzthiazoline, — 2-(4**Anilino-j3-methylvinyl)benzthiazole ethiodide (8*44 
g. ; 1 mol.), suspended in acetone (260 c.c.), was stirred and warmed for a few minutes on the steam-bath 
with 20% sodium hydroxide solution (20 c.c. ; 6 mols.), and the mixture shaken. The filtered acetone 
layer was poured into ice-cold water ( 1000 c.c.) , The solid (6*5 g.) was recrystallised from light petroleum 
(b. p. 80—100“ ; 25 c.c. per g.), the yield then being 65% (3*85 g.) (Found : S, 10*7. CigHijNjS requires 
S, 10*9%). The pale yellow crystals had m. p. 114° (decomp.). The absorption maximum of a methyl- 
alcoholic solution containing ammonia was at 3670 a. The base was photographically inert. 

2-p-Anilinovinylbenzselenazole Ethiodide (XIII; X = I). — 2-Methylben2selenazole ethiodide 
(28*2 g. ; 1 mol.) and ethylwoformanilide (13*2 g. ; 1*1 mols.) were heated together at 160 — 160° for i 
hour. The product was ground with spirit (82*7 g. obtained) ; after recrystallisation from spirit (30 c.c. 
per g.) the yield was 59% (Found ; I, 27*8. CxTHi^NglSe requires I, 27*85%). The greenish-golden 
crystals had m. p. 222° (decomp.), 

Z-Ethyl-2-anilocthylidenebenzselenazoHne . — The above ethiodide (32 g. ; 1 mol.), ground to a paste 
with water, was treated with 40% sodium hydroxide solution (40 c.c. ; 5 mols.) and acetone (600 c.c.). 
The mixture was slightly warmed, then well shaken. The filtered, concentrated acetone extract gave 
with dilute hydrochloric acid 2-^aniHnovinylbenzselenazole ethochloride (XIII; X = Cl), which, after 
recrystallisation froxn acetone-spirit (3 : 1, 30 c.c. per g.), was obtained in 66% yield (14*4 g.). Chlorine 
was determined by the method which has been found suitable for iodine in the presence of selenium 
(Hamer, Analyst, 1933, 58, 26) (Found: Cl, 9*55. Ci^Hj^NgClSe requires Cl, ■9*76%). The bright 
yellow crystals had m. p. 205° (decomp.) . They were dissolved in hot spirit, and the base precipitated by 
dilute ammonia (11*2 g.; 49%); it was recrystallised from light petroleum (b. p. 80— 100°; 20 c.c. per 
g.) and the yield was 34% (7*8 g.) (Found : N, 8*56. Ci,HigN,Se requires N, 8*65%). The bright 
yellow crystals had m. p. 96°. The absorption maximum of a methyl-alcoholic solution containing 
ammonia was at 3940 a. and of one containing sulphuric acid at 4235 a. For a chloride emulsion the 
base was a medium sensitiser, with the maximum at 4600 a,, sensitisation extending to 5100 a. 

l-MzthyU2-aniloethylidenedihydfoquinoline (XIV). — 2-)3-Anilmovinylquinoline methiodide (7*76 g. ; 

1 mol.) was sus|)ended in acetone (100 c.c.) and shaken for 12 minutes with a solution of sodium hydroxide 
(4 g, ; 6 mols.) in water (60 c.c.). The filtered acetone layer with ice-cold water (600 c.c.) depoated the 
base in 97% yield (10*16 g.). On recrystallising from light petroleum (b. p. 80 — 100°)-benzene (1 ; 1, 
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10 c.c. per g.), some tar was left undissolved and the yield fell to 62% (Found, after drying in a vacuum 
desiccator: N, 10-96. CigHieNj requires N, 10-76%). The bright orange crystals had m. p. 88° 
(decomp.). The absorption maximum of an alkaline methyl-alcoholic solution was at 4335 a. In a 
gelatino-chloride photographic emulsion, sensitisation extended to 6100 a., with a maximum at 4700 A, 

Z-Methyl-2-aniloethyUdenethiazoUdine , — This was prepared from 2-]8-anilinovinylthiazoline methiodide 
and sodium hydroxide in aqueous acetone, followed by precipitation with water, as described (Kodak 
Ltd,, B.P. 661,172/1940).’ The yield was 79%, dropping to 73% on recrystallisation from benzene 
(1 c.c. per g.) (Found, after drying to constant weight in a vacuum desiccator : S, 14-6. Calc, for 
CjaHigNjS : S, 14-7%). The m. p. was 79 — 80°, whereas that published is 99 — 100°. 

Z-EthyU2-aniloethyUdenethiazolidine (XV). — 2-)3-Anilinovinylthiazoline ethiodide (36 g. ; 1 mol.), 

benzene (800 c.c.), and 40% sodium hydroxide solution (80 c.c.; 8 mols.) were heated together under 
reflux on a steam-bath, with vigorous stirring, for 30 minutes. After the solvent had been distilled from 
the filtered benzene layer, the solid residue was recrystalliscd from light petroleum (b. p. 80 — 100° ; 
1000 c.c.) and obtained in 77% yield (18-0 g.) (Found, after drying in a vacuum desiccator : S, 13-76. 
CijHigNgS requires S, 13-8%) . The cream-coloured substance had m. p. 65°. The absorption maximum 
of a methyl-alcoholic solution containing ammonia was at 3585 a. with an inflexion to the curve at 
3200 A. ; one containing sulphuric acid had its maximum at 3660 a. On a gelatino-chloride photographic 
emulsion it conferred extra-sensitivity up to 4400 a . 

^-MethyUZ-ethyl~2-aniloethylidene-ti^-thiazolifie (XVI). — 4-Methyl-2-j3-anilinovinylthiazolc ethiodide 
(18-6 g.; 1 mol.) was ground with 20% sodium hydroxide solution (50 c.c. ; 4 mols.). The mixture was 
stirred and warmed with acetone (250 c.c.). The crude product (23 g.), obtained by precipitation of 
the acetone layer with ice-water (1000 c.c.), was recrystallised from light petroleum (b. p. 80 — 100°) and 
benzene (2 ; 1, 20 c.c. per g.). A 74% yield of golden crystals (18-0 g.) was obtained (Found : S, 12-95. 
CigHigNjS requires S, 13-1%) ; m. p. 122° (decomp.). The absorption maximum of a methyl-alcoholic 
solution containing ammonia was at 4090 a. and of one containing sulphuric acid at 4030 a. The 
substance sensitised a chloride emulsion fairly strongly, sensitisation extending to 4900 a., with the 
maximum at 4500 a. 

3~Ethyl-2-‘aniloethylidenebenzoxazoline (XVII). — 2-)S-Anilinovinylbenzoxa2ole ethiodide (58-8 g. ; 1 
mol.), aqueous 40% sodium hydroxide solution (90 c.c.; 6 mols.), and benzene (1500 c.c.) were stirred 
together and warmed gently on a steam-bath, then shaken vigorously for several minutes. The benzene 
solution was filtered and distilled down to dryness : the resultant gum was taken up with acetone, and 
the base precipitated with water, being obtained in 68% yield (23 g.). Recrystallisation was difficult; 
benzene appeared to be the most suitable solvent (5 c.c. per g.) but the yield fell to 6% (Found, after 
drying in a vacuum desiccator; N, 10-5. Ci 7 HieON 2 requires N, 10-6%). The pale yellow crystals 
had m. p. 65° (decomp.). The absorption maximum of a methyl-alcoholic solution containing ammonia 
was at 3660 a. and of one containing sulphuric acid at 3835 a. A gelatino-chloride photographic 
emulsion was weakly sensitised to 4400 a., with the maximum effect at 4200 a. 

3 : Z-Dimethyl-2~p-anilinovinylindolenine Methiodide . — 2 : 3 : 3-Trimethylindolenine methiodide (20 
g, ; 1 mol.) and ethyhsoformanilide (10 g. ; 1 mol.) were heated together in an oil-bath at 140° for 40 
minutes with continual breaking up of the lumpy solid. After dissolving in hot spirit (130 c.c.), the 
product crystallised in 75% yield (20 g,). It was boiled out with spirit (25 c.c.) and on recrystallising 
the residue from spirit (125 c.c.) the yield was 65% (Found : I, 31-35. Calc, for CjgHaiNgl : I, 31-4%). 
The yellow crystals had m. p. 236 — 238° (decomp.). 

I '.2~Tfimethyl-2-aniloethylideneindoline (XVIIl). — ^The foregoing methiodide (3-91 g. ; 1 mol.) 
was suspended in benzene (40 c.c.) and shaken with a solution of sodium hydroxide (1*16 g. ; 3 mols.) in 
water (5 c.c.). Subsequently four more such benzene extractions were carried out. The benzene 
filtrate was taken to dryness and the residue twice recrystallised from light petroleum (b. p. 80 — 100°; 
2x8 C.C.), the yields being 73% and 64% (1-70 g.) (Found, after drying in a vacuum desiccator : N, 
10-0. C 12 H 20 N 2 requires N, 10-15%). The yellow powder had m. p. 89°. The absorption maximum 

of a methyl-alcoholic solution containing ammonia was at 3745 a. and of one containing sulphuric acid 
at 4120 A. It sensitised a gelatino-chloride photographic emulsion up to 4700 a. 

Ethylisoformanilide. — Ethyl orthoformate (1200 c.c. ; 2 mols.), aniline (336 c.c. ; 1 mol.), and aniline 
hydrochloride (36 g.) were boiled together in an oil-bath for 4 hours, in a flask fitted with fractionating 
column, condenser, and receiver to collect the alcohol eliminated. The temperature of the bath was 
kept at 120° until the first vigour of the reaction had subsided and was then raised to 140 — 150°. After 
cooling, any diphenylformamidine was filtered off, and the filtrate was fractionally distilled under a 
vacuum. After a forerun, b. p. 50 — 110°/20 mm., the ethylisoformanilide was collected at 1 10 — 120°/20 
mm. The foreruns from several batches were fractionated together, the fraction boiling up to 11 0°/20 
mm. being used as ortho-ester for another preparation, and the fraction above 110°/20 mm. being 
refractionated with ethylisoformanilide. As a result, the 85% yield from a second fractional distillation 
(604 g.) is slightly larger than that from the first fractionation (81 % yield ; 480 g.) . 

We are indebted to Miss M. D. Gauntlett for the absorption spectra, to Dr. B, H. Carroll and Dr. E. B. 
Knott for the photographic tests, and to Mr. J. Fraser and Miss E. M. Wilson for the preparations 
specified. 

Kodak Ltd., Wealdstone, Harrow, Middlesex. 


[Received, October Ylth, 1946.] 
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Hamer and Rathbone : 


181. Symmetrical Tricarhocyanines having One or More Methyl 
Groups 05 Substituents on the Chain. 

By Frances M. Hamer and Russell J. Rathbone, 

1-, 2-, and 3-Methyl derivatives of glutaconic aldehyde dianilide hydrohalide were prepared, 
also i : 6- and 1 : 3-dimethyl derivatives, from the appropriate pyridinium cyanobromides. 
They were condensed with heterocyclic quaternary salts to give tricarbocyanines having 

y-, and 5-methyl groups, also and j35-dimethyl groups on the chain. Absorption maxima 
and photographic sensitising action of the dyes are recorded. 

In a patent on photographic sensitising action, the four examples of chain-substituted 
tricarbocyanines comprise one with a (i-methyl and three with a 5-methyl group (I.G. Farbenind. 
A.-G., B.P. 394,537/1931). It is recorded that the intermediate for the first was prepared by 
Konig's method from p-naphthylamine, a-picoline, and cyanogen chloride in ether (/. pr. Chem,, 
1904, 69, 105), whilst that for the others was obtained analogously from aniline, y-picoline, and 
cyanogen bromide. As no preparations whatever are described, we considered it desirable to 
record some. 

Although Konig did originally describe the preparation of a dye from a-picoline, cyanogen 
<hloride, and o-toluidine {he. cit.), he subsequently disclaimed it but claimed that pure 
p-picoline does indeed form such a dye {J. pr. Chem., 1904, 70, 19). Konig and Schreckenbach 
{ibid., 1913, 87, 241) had found that 2 : 4-dinitrophenylpyridinium chloride does not, whilst 
])yridinium cyanobromide does, react with indoles to give dyes. a-Picoline and aa'-lutidine 
do not combine with l-chloro-2 : 4-dinitrobenzene to give pyridinium salts but we made them 
react vCrith cyanogen bromide and thence, with aniline and hydrobromic or hydrochloric acid, 
obtained dyes (I) and (11). Similarly from p-picoline we prepared (III), referred to (but not 
described) by Konig {ibid., 1904, 70, 19), and from y-picoline we prepared (IV). The product 
derived from y-lutidine was used in condensations but we did not isolate a pure specimen of (V). 

HBr,NHPh*CMc:CH-CH:CH*CH:NPh HClNHPh-CMctCH-CHXH-CMelNPh 

(I.) (II.) 

HBr.NHPh*CH:CMe-CH:CH-CH:NPh HBr,NHPh-CH:CH*CMe:CH*CH:NPh 

(in.) (IV.) 

HBr,NHPh*CMe:CH-CMe:CH*CH:NPh (V.) 


We compared the absorption maxima of (I) — (IV) in methyl-alcoholic solution with that of the 
parent dye having an unsubstituted chain. In passing from the parent dye to (II) and (III), 
there were bathochromic shifts of the maximum, of 45 a. and 10 a., respectively, and 
hypsochromic shifts, of 90 a. and 66 a., respectively, in passing to (I) and (IV). Whereas the 
parent dye is a photographic sensitiser, (I) was distinctly weaker, whilst (II), (III), and (IV) 
showed no sensitising power. 

Glutaconic aldehyde dianilide hydrohalide condenses in the presence of sodium ethoxide, or 
of sodium acetate in acetic anhydride, with quaternary salts having reactive methyl groups to 
give tricarbocyanines (Fisher and Hamer, J., 1933, 189), but these condensing agents seemed 
unsuitable for use with the present substituted intermediates. However, Brooker had used 
piperidine at a low temperature (Kodak Ltd., B.PP. 436,941/1933; 437,017/1933), and this 
method proved ai>plicable here. By thus condensing 2-methylbenzthiazole ethiodide, with (I), 
(III), (IV), (II), and the crude (V), respectively, there resulted the p-methylthiatricarbo- 
cyanine (VI), which has been already described (I.G. Farbenind. A.-G., B.P. 394,537/1931), and 




■X) 


Et 


(VI.) 


EtI 


the corresponding y- and '^•methyl-, and and ^h'dimethyUthiatriccirbocyunvnes, By 

condensing 6 : 6-dimethoxy-2-methyibenzthiazole ethiodide and 2-methyl-6 : 7.benzbenzthiazole 
ethiodide, respectively, with (II), the 6:6:6': -ietramethoxy- and 6:7:6': T-dihenz- 
derivatives of the pp'-dimethylthiatricarbocyanine were prepared. The dye obtained by 
condensing 2-methyl-6 : 7-benzbenzthiazole ethiodide with (IV) has already been described 
{idem, ibid.). By condensing 2-methylbenzselenazole ethiodide with (II), (III), and (IV), 
respectively, there resulted a ^^^•dimethyU, and a y- and a ^•‘methyl- selencUricurhocycmine, 
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Condensation of (IV) and (V), respectively, with 2-methylthiazoline ethiodide gave the 
B-methylthiazolinocarbocyanine (VII) and the corresponding ^B-dimethyl compound. 

HX S S CH, 

HgC^^^^CrCH-CHICH-CMerCH-CHrCH-C^ yCH^ 

Et (VII.) EtI 

We compared the absorption maxima in methyl-alcoholic solution of the chain-substituted 
tricarbocyanines with the corresponding parent dyes : the figures are shown in the accompanying 
table. In one instance, introduction of a p-methyl group caused a bathochromic shift of 60 a. 
Introduction of a y-methyl group caused a bathochromic shift of 6 a. and a hypsochromic shift 


Chain. 

Unsubstituted 

jS-Me 

y-Me 

S-Me 

PP'-Mcg 

jSS-Meg 


Thia-. 

Absorption (a.) of tricarbocyanine iodides : 
Tetramethoxythia-. Dibenzthia-. Selena-. 

Thiazolino- 

7620 * 

8000 

7970 ♦ 

7700* 

6450 1 

7680 

— 

— 





7610 

— 

— 

7705 



7900 

— 

8250 

8000 

6750 

7720 

7900 

8290 

7970 

— 

7060 

— 

— 

— 

6585 


♦ Fisher and Hamer, Proc, Roy. Soc., 1936, A, 154, 703. 
t Fisher and Hamer, 1933, 189. 


of 10 A. Introduction of a 3-methyl group had a more profound effect ; thus, in four instances 
this caused consistently a bathochromic shift, the values being 280, 280, 300, and 300 a. The 
introduction of pp'-dimethyl groups caused a hypsochromic shift of 100 a. in one case, but 
bathochromic shifts, of 100, 320, and 270 a., respectively, in three others. p3-Dimethyl groups 
produced a hypsochromic shift of 560 a. and a bathochromic shift of 135 a. 

These chain-substituted tricarbocyanines comprise photographic sensitisers but, as already 
noted for symmetrical dicarbocyanines carrying a methyl group on the chain (Hamer and 
Rathbone, 1945, 595), it cannot be said that they are in general better than the parent dyes 
with an unsubstituted chain. 


Experimental. 

l-Anilino-r)-anilo~l-me(hyl-l : 3-pentadiene Hydrobromide (I). — Cyanogen bromide (5 g. ; 1 mol.) was 
added to water (30 c.c.) which was cooled with ice. Aniline (10 c.c. ; >2 mols.) was added and a-picolinc 
(5 c.c. ; 1 mol.) was gradually stirred in. After 30 minutes in ice, the mixture was gradually treated with 
ice-cold hydrobromic acid (14 c.c., d 1-45; 2*5 mols.). After standing in the cold overnight, the red 
solid was filtered off and ground once with water (20 c.c.) and thrice with acetone (19% yield ; 3 00 g.). 
This and the other pentadiene derivatives were dried in a vacuum desiccator before analysis (Found : 
Br, 23*25. CigHijNg^r requires Br, 23*3%). The maroon crystals had m. p. about 155° (decomp.), 
depending on the rate of heating. Their absorption maximum was at 4760 a. whereas the corresponding 
substance with an unsubstituted chain had its maximum at 4870 a. They sensitised a gelatino-bromide 
photographic emulsion weakly up to 5700 a. 

l-Anilino-5-anilo~l : 5-dimethyl-l : 3-pentadiene hydrochloride (II) was similarly prepared from 
aniline (10 c.c.), cyanogen bromide in ice-cold water, and ay-lutidine, followed by concentrated 
hydrochloric acid. The solid was filtered off, ground with water (40 c.c.) and thrice with acetone (40 
c.c. X 2, 60 c.c.). The yield (7*28 g.) was 25% (Found : Cl, 11*3. requires Cl, 11*3%). 

The red crystals had m. p. 150 — 151° (decomp.). The absorption maximum was at 4915 a. and the dye 
had no photographic sensitising action. 

l’-Anilino^5-anilo-2’methyl’l : 3-pentadiene hydrobromide (III) was similarly prepared from cyanogen 
bromide (5 g.) in cold water with aniline and ^-picoline, followed by hydrobromic acid. The yield of 
washed hydrobromide was 37% (Found: Br, 22*8. CjgHi^NjBr requires Br, 23*3%). The maroon 
crystals had m. p. about 148° but dependent on the rate of heating. The absorption maximum was at 
4880 a. The dye did not sensitise. In another experiment more hydrobromic acid (another 2*5 mols.) 
was added and produced a pale pink solid. It was filtered off and washed with acetone (2*4 g. obtained ; 
9% yield) and appeared to be the dihydrobromide, m. p. 239° (dccomp.) (Found : Br, 37*75. CigHjoN^Brg 
r^uircs Br, 37*7%). The hydrochloride was similarly prepared. 

\-Anilmo-b-anilo-3-methyl-l : Z-pentadiene Hydrobromide (IV). — To cyanogen bromide (5 g. ; 1 mol.) 
in water (10 c.c.), with slight cooling, was added a mixture of y-picoline (5 c.c. ; 1 mol.) and aniline 
(10 c.c.; >2 mols.). A vigorous reaction occurred with rise of temperature. Hydrobromic acid was 
stirred in (14 c.c., d 1*45; 2*5 mols.), followed quickly by ice-water. The yield of washed solid was 
6*65 g. (31%), and this was used in condensations. On recrystallising a sample from methyl alcohol 
(50 c.c. per g.) the yield was 13% (Found : Br, 23*2. CigHjjNjBr requires Br, 23*3%). The dark 
maroon crystals had m. p. 167° (decomp.). The absorption maximum was at 4805 a. and there was no 
photograplhic sensitisation. When the reaction temperature was kept down by cooling with ice, the 
yield of dye was only 1%. 

l-AniUno-b"anilO’\\Z'‘dimethyl-\i3-pentadiene Hydrobromide (V). — A solution of aniline (10 c.c.; 
2*2 mols.) and ay-lutidine (5 c.c. ; 1 mol.) in ether (20 c.c.) was added to a solution of cyanogen bromide 

3 a 
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(5 g. ; 1 mol.) in ether (10 c.c.), and the mixture wanned for 2 minutes. Hydrobromic acid (14 c.c., 
d 1*46 ; 2’6 mols.) was added, ether-washed solid was obtained in 51% yiM {8*08 g,), but tended to 
become oily on standing in the air. It was used as quickly as possible for dye condensations, being kept 
meanwhile in a vacuum desiccator. 

Bis- 2 -(Z-ethylbenzthiazoleyp-methylheptamethincyanine Iodide (VI) . — 2-Methylbenzthia20le ethiodide 
(3-05 g.; 2 mols.) and l-anilino-S-anilo-l-methyl-l ; 3-pentadiene hydrobromide (I) (1*72 g.; 1 mol.) 
were juided to ice-cold absolute alcohol (30 c.c.), and a cooled solution of piperidine (1*1 c.c. ; 2-2 mols.) 
in alcohol (6 c.c.) was stirred in. After three days in the ice-chest, the solid was filtered off, washed with 
alcohol and with ether, and finally with warm water (40 c.c.), after which the yield was 66% (1*84 g.). 
After recrystallisation from methyl alcohol (660 c.c.), the yield was 33% (0*96 g.) and, after a second 
recrystallisation (460 c.c. per g.) in the presence of charcoal (0*76 g. per g.), it was 10%. For analysis 
it was dried to constant weight in a vacuum at 60 — 80® and this method of drying was applied to the 
subsequent dyes also (Found : I, 22-6. Calc, for C„H„N,IS, ; I, 22*75%). The green crystals with a 
golden reflex had m. p. 215® (decomp.) (see B.P. 394,637/1931, example 6). 

Bis-2-('i-cthylbenzthiazoleyy-methylheptameihincyanine Iodide . — A similar preparation was carried 
out but with (III) . The crude product (60% yield) was recrystallised from methyl alcohol (42 c.c. per g.), 
and gave dark green crystals, in 16% yield (Found : I, 22*8. C27Hg,N2lS2 requires I, 22*7%) ; m. p. 
166'" (decomp.). The sensitising maximum was at 8160 A. 

Bis~2~{Z‘ethylbenzthiazole)-h-methylheptamethincyanine iodide was similarly prepared but with (IV). 
The crude dye (76% yield) was recrystallised from methyl alcohol (425 c.c. per g.) and gave a 43% yield 
of light green crystals with a gold reflex (Found : I, 22-8. C^cHg^NjISg requires I, 22*76%) ; m. p. 
206® (decomp.). Sensitisation extended from 7000 to 9000 a. with the maximum at 8300. 

Bis‘‘2^(3-ethylbenzikiazoUypp'-dimeihylheptainethin^anine iodide was similarly prepared from 
2-methylbenzthiazole ethiodide (2*94 g.) and (II). The product was ground with water (20 c.c.), and 
twice with acetone (20 c.c. X 2), boiled out twice with methyl alcohol (60 c.c. X 2), and recrystallised 
from methyl alcohol (1350 c.c.), the yield of green crystals then being 10% (0*27 g.) (Found : I, 22*6. 
CgjHjjgNjlS, requires I, 22*2%) ; m. p- 208® (decomp.). The sensitising maximum was at 8360 A. 

Bis-2-('3t'ethylbenzthiazole)-ph-dimethylheptamethincyanine Iodide . — Starting from 2-methylbenz- 
thiazole ethiodide (12-2 g.) and crude (V), the crude yield was only 2% (0*2 g.). After boiling out with 
absolute alcohol (6 c.c.) anid recrystallisation from methyl alcohol (16 c.c.), it was less than 1% (0*08 g.) 
[Found (micro-analysis by Weiler and Strauss) : I. 22*6. Ca7H2gN2lS2 requires I, 22*2%]. The bright 
green crystals had m. p. 165° (decomp.). Photographic sensitisation was from 7200 to 8600 with the 
maximum at 8200 a. 

Bfs-2-(6 : 5-dimethoxy-2’ethylhenzthiazoleypp'-dimethylheptamethincyanine Iodide . — 6 : 6-Dimethoxy- 
2-methylbenzthiazole ethiodide (6*84 g. ; 2 mols.), (II) (2*5 g. ; 1 mol.), and absolute alcohol (40 c.c.) 
were stirred mechanically at 80®. A solution of piperidine (1-8 c.c. ; 2*2 mols.) in alcohol (up to 12 c.c.) 
was added in 12 portions (I c.c. per minute) and stirring was for 12 minutes. After cooling, the solid 
was filtered off, washed once with alcohol, twice with warm water (20 c.c. x 2), and repeatedly with 
acetone. The residue (0*27 g. ; 6% yield) was recrystallised from met^l alcohol (600 c.c.), and the 
yield was 2% (Found ; I, 18*3. C3iH3704N2lS2 requires 1, 18*3%). The green crystals had m. p. 
210® (decomp.). 

Bis-2-{2-ethyl-5 : 7-benzbenzthiazole)-pS'-dimethylheptamethincyanine Iodide , — This was prepared from 
2-raethyl-6 : 7-benzbenztliia2ole ethiodide (6*82 g.) and (II), with piperidine in ice-cold alcohol. The 
washed solid was boiled out with methyl alcohol (lOO c.c.) and recrystallised from it (1000 c.c.), being 
obtained in 8% yield (0-51 g.) (Found : I, 19*2. CjaHjaNjISj requires 1, 18*9%). The bronze crystals 
had m. p. 187° (decomp.). The sensitising maximum was at 8800 a. In the corresponding preparation 
carried out with 2-inethyl-4 : 5-beazbenz&iazole ethiodide, the yield of tricarbocyanine was only 1%. 

Bis-2-(Z'ethyh5 : l-benzbenzthiazoleyh’^methylheptamethincyanine Iodide , — This was similarly prepared 
from 2-methyl-6 ; 7-ben2benzthiazole ethiodide (3*66 g.) and (IV). The washed solid (1*02 g.) was 
boiled out with methyl alcohol (20 c.c.) and reciystaliised from it (1100 c.c.). An 18% yield (0*6 g.) was 
obtained (Found : I, 19*16. Calc, for C34H34N3IS3 : I, 19*3%). The bronze crystals had m. p. 187° 
(decomp.) (see B.P. 394,537/1931, example 8). 

Bis-2-{Z~ethylbenz$elenazoleypp'-dimethylhepiamethincyanine Iodide. — 2-Methylbenzselenazole ethio- 
dide (6*63 g.) was similarly allowed to react with (II). The washed solid was boiled out with methyl 
alcohol (70 c.c.), and recrystallised from it (1750 c.c.). The yield (0*97 g.) was 18% (Found : I, 19*3. 
CiTHa^NjISca requires I, 19*4%). The ^een crystals had m. p. 214 — 217° (decomp.), the exact 
temperature depending on the rate of heating. The sensitising maximum was at 8450 a. 

Bis-2-{Z-ethylbenzselenazoleyy-methylheptameihincyanine iodide was similarly prepared from 2-methyl- 
benzsclenazole ethiodide (7*71 g.) and (III). The washed product (3*17 g.) was boiled out with methyl 
alcohol (60 c.c.) and recrystallised from it (1000 c.c.), the yield being 18% (1*26 g.) (Found : I, 19*5. 
^a6i^»7^alS®2 requires I, 19*45%). The green crystals melted at 214° (decomp.). The sensitising 
maximum way at 8350 a. 

Bis~2-(Z~ethylbenzselenazole)-h-methylhepiamethincyanine iodide was similarly prepared from 
2-methylbenzselenazole ethiodide (3*62 g.) and (IV). The washed solid (1*66 g.) was boiled out with 
methyl alcohol (30 c.c.) and recrystallised from it (1400 c.c,), being obtained in 30% yield (0*96 g.) 
(Found : I, 19*66. C33H37N3lSe3 requires I, 19*6%). It formed light green crystals with a golden 
reflex ; m. p. 213° (decomp.) . Sensitisation was from 7000 to 9000 a. with a maximum at 8400. 

Bi5-‘2-‘{Z-ethyl-A*-’thiazoline)~h’‘fnethylheptamethincyanine Iodide (VII). — ^Tbis was prepared from 
2-methylthia2oline ethiodide (5*14 g.) and (IV). The washed dye (3*86 g.) was recrystallised u^om methyl 
alcohol (26 c.c.), and the yield was 69% (2*66 g.) (Found : I, 27*6. C^Hj^NjISt requires I, 27*46%). 
It formed bluish-black crystals with a metallic lustre; m, p. 134® (decomp.). Sensitisation was from 
6100 to 7500 A., with the maximum at 7100. 

Bis-2-(Z-ethyl‘A*-thiazoline)-p5-dimethylh0ptamethincyanine Iodide , — In a similar preparation carried 
out with (V). the yield of washed dye was only 6% and after recrystallisation from methyl alcohol 
(40 cx. per g.) was 2% [Found (micro-analysis by Weiler aifd Strauss) : I, 26*8. requires 



[ 1047 ] Some Alkoxy- and Alkylenedioxy di-amines, etc. 963 

I, 26*66%]. The hluish-grey crystals had m. p. 166® (decomp.). The dye sensitised from 6000 to 7300 
with the maximum at 6900 a. 

We are indebted to Miss M. D. Gauntlett for the absorption measurements, and for the sensitising 
tests to Drs. B. H. Carroll, E. P. Davey, and E. B. Knott. 

Kodak Ltd., Wealdstone, Harrow, Middlesex. [Received, Ocioher 29th, 1946.] 


182 . Some Alkoxy- and Alkylenedioxydi-amines and Alkoxy- and 
Alkylenedioxydi-guanidines. 

By A. T. Fuller and Harold King. . 

The aim of the investigation was the preparation of a series of alkoxy- and alkylenedioxydi- 
amines (0-alkyl- and OO'-alkylene-hydroxylamines) and the corresponding alkoxy- and alkyl- 
enedioxydi-guanidines with a view to their being tested for antiprotozoal and antibacterial 
activity. Several representatives of all these types have been successfully made, starting from 
hydroxyurethane. Other methods of approach have been partly successful. Incidentally, 
two representatives of the hitherto undescribed class of 0-alkoxydiguanides have been isolated.* 
All these substances have been tested on a range of bacteria in vitro. 


King, Lourie, and Yorke {Lancet, 1937, ii, 1360; Ann. Trop. Med. Parasit., 1938, 32, 177) 
discovered that diamidines (I), diguanidines (II), and diisothioureas (HI) had a pronounced 
trypanocidal action, some of the members where « = 10 or more being lethal to trypanosomes 
in vitro at a dilution of 1 in 250,000,000 




c(;nh)-nh, 

C(:nh)-nh, 

(I-) 




.nh-c(:nh)-nh2 

'NH-c(:nh)-nh2 
(II.) 




s-c(:nh)-nh 

s-c(:nh)-nh 

(III.) 


2 

a 


Fuller (Biochem. 1942, 36, 548) examined the action of many of these bases, as salts, on 
a range of bacteria and found that their bacteriostatic titres were lower than their trypanocidal 
titres, but even so the activity was very pronounced in some of the higher members. 

It seemed to us that in further exploration of the parent types the preparation of a series 
of alkoxyamines (IV), iST-alkoxyguanidines (V), alkylenedioxydiamines (VI), and alkylene- 
dioxydiguanidines (VII) might be worth undertaking. 


(IV.) CHg-LCHaln-O-NHa 

ch3*[CH2]„*o-nh-c(:nh)-nh2 

(V.) 


(VI.) 


O-NH, 


NH- 




o*nh*c(:nh)*nh 

o-nh*c(:nh)*nh 

(VII.) 


2 
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Direct alkylation of hydroxylamine leads to N-substitution, so for the preparation of 
0-substituted hydroxylamines, the amino-group must be partly or wholly protected. A number 
of ways of accomplishing this are described in the literature, but without preliminary exploration 
of these methods it was by no means certain which method would lend itself to the object we 
had in view. 

Alkylation of oximes by methyl iodide or methyl sulphate leads, both with the aliphatic 
ketoximes (Dunstan and Goulding, /., 1901, 79, 628) and with the aromatic ketoximes (Semper 
and Lichtenstadt, Ber., 1918, 51, 928) to production of 0- and iV-methyl ethers. Borek and 
Clarke (/. Amer. Chem. Soc., 1936, 58, 2020) were, however, able to use acetoxime for the 
preparation of carboxymethoxyamine, NHg’O'CHa-COgH in 60% yield. On these lines a trial 
was made of the use of benzophenone oxime, which reacted in alcoholic solution with ethylene 
bromide and sodium ethoxide to give a single homogeneous ethylenedibenzophenone oxime of the 
probable constitution (VIII). The poor yield and slight dubiety about the structure led to the 
abandonment of this method of approach. 


>0*N:CPha .0-NH2,HBr 

(VIII.) [CHj/ [CHJa<( (IX.) 

XO-NXPha \0-NH2,HBr 

Luxmoore (/., 1895, 67, 1018) claimed to have prepared ethylenedioxydiamine dihydro- 
bromide (IX) by the direct action of ethylene dibromide on hydroxylamine, but Werner and 


♦ Curd and Rose (/., 1946, 736) have, however, recently described the preparation of a member of 
this group of substances. * 
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G«meseus (Bef., 1896, 29, 1161) pointed out that Luxmoore's claim was inconsistent with the 
behaviour of hydroxylamine towards alkyl halides. These investigators were, however, able 
to prepare the corresponding dihydrochloride from the benzamidoxime ethylene ether (X, 
« 2) of Falck {Bev,, 1886, 19, 1481) which, on treatment with nitrite in the presence of hy^o- 

chloric acid, gave benzenyl chloride oxime ethylene ether (XI). The latter with sodium 
ethoxide furnished the ethylene ether of an ethylbenzhydroxamic acid (XII) which, without 


/0-N:CPh-NHg 

\0-N:CPh-NHj 

(X.) 


o-n:< 


-O'NXClPh 


:cciPh 


[CHj/ 


0*N:CPh*0Et 


:CPh*OEt 


(XL) 


(XII.) 


characterisation was hydrolysed to ethylenedioxydiamine. As this method seemed applicable 
to aJkylenedioxydiamines, ethylene dibromide, 1 : G-dibromohexane, and 1 : 12-dibromo- 
dodecane have been condensed with benzamidoxime to give ethylenedi-OO'-benzamidoxime 
dihydrochloride, 1 : he xaniethylenedi-OO' •‘benzamidoxime (X, n = 6), and dodecamethylenedU 
OO' -benzamidoxime (X, n = 12), respectively. In a similar way heptyl bromide was converted 
into O-heptylbenzamidoxime but all attempts to convert the latter or 1 : 6-hexamethylenedi- 
benzamidoxime into the chloride oximes failed completely. 

The success of Werner and Ciemeseus in obtaining ethylenedioxydiamine, in unstated yield, 
depended essentially on a method for the preparation of the readily hydrolysable ethylene ether 
of ethylbenzhydroxamic acid (XII). To explore the possibility of a short route to allied 
compounds the direct butylation of benzhydroxamic acid was examined. When potassium 
beiizhydroxamatc was boiled with butyl bromide in alcohol in presence of potassium carbonate, 
equal weights of a non-acidic fraction and of an acidic fraction were obtained. The former, 
on fractional distillation, gave OO'-dibutyl benzhydroximatc (XIII) as its main component and 


CeH*-C-OBii 


C.H,-C-OH 

a * 11 


N*OBu 

(XIII.) 


NOBu 

(XIV.) 


EtO-CO-N< 

(XV.) 


aniline, as a minor component, produced during the reaction by a Lessen rearrangement; 
(XIII) on hydrolysis with aqueous-alcoholic hydrogen chloride gave mainly ethyl benzoate 
and butoxyamine hydrochloride. 

The acidic fraction on distillation proved to be O' -butyl henzhydroxamate (XIV) which on 
hydrolysis with hydrobromic acid gave butoxyamine hydrohromide and benzoic acid. 

Whilst the foregoing method might prove suitable for tlie preparation of the alkoxyamines 
it would clearly lead to complications with alkylene dihalidcs. 

Most of the above methods of approach to the synthesis of 0-alkyl- and OO'-alkylenedi- 
hydroxylamines have involved compounds of oxime type 'where the nitrogen atom is doubly 
linked to carbon. Lauder W. Jones and his pupils (cf. Jones and Neuffer, /. Amer, Chem. Soc,, 
1914, 36, 2202) have successfully used hydroxyurethane, OH'NH'COgEt for the preparation 
of the simplest O-alk^dhydroxylamines. In our hands this method has proved capable of 
extension to the higher O-alkylhydroxylamines and to the OO'-alkylenedihydroxylamines. In 
the cases of the lower homologues up to heptyl no evidence was found for significant propor- 
tions of iV-alkyl derivatives but from the products of the reaction between nonyl bromide and 
hydroxyurethane, nonoxy urethane and nonoxynonylurethane (XV) were obtained by fractional 
distillation. Similarly, alliylene dibromides have been found to give alkylenedioxydiurethanes 
except that with trimethylene and tetramethylene dibromides cyclisation took place with 
production of derivatives of wooxazolidine and tetrahydroisooxazine (King, /., 1942, 432). 
For the hydrolysis of the urethanes, alkali and acid have been used successfully, but there is 
always some fission of ammonia. 

All the hydroxy lainincs have been converted into alkoxyguanidines and alkylenedioxy- 
diguanidines by use of 5-methyh'5othiourea or cyanamide. Where cyanamide has been 
employed in excess, two representatives of the hitherto unknown 0-alkoxydiguanides have been 
isolated as exemplified by butoxydiguanide nitrate and hexoxydiguanide nitrate. The former 
was also prepared by the action of dicyanodiamide on butoxyamine hydrochloride in boiling 
butyl alcohol. The parent substance hydroxydiguanide also seems to be unknown. 

Finally, the complete methylation of heptoxyamine was attempted in methyl alcohol in 
the presence of potassium carbonate. The products were tetramethylammonium iodide and 
2-«-heptylidene-«-heptaldehyde, identified as its dinitrophenylhydrazone : 

C^H^ONH, — N(CH,)4l -f- CH3-[CHJf CH:C(CH0)-[CH,]4-CH3 
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This reaction is fundamentally the same as that observed by Meisenheimer {Annalm, 1913, 
897, 273 ; cf. Jones and Major, J, Amer, Chem. Soc,, 1927, 49, 1529), who found that evaporation 
of alcoholic solutions of ethoxy- and propoxy-trimethylammonium hydroxide led to production 
of acetaldehyde and propaldehyde respectively. 


Antibacterial Activity, 

The methods used were similar to those previously described (Fuller, loc, ciU), The results 
are summarised in the following table : the figures of inhibitory concentrations are those which 
prevented visible growth in 20 hours at 37® and are expressed as mg. per 100 c.c. (parts per 
100,000). The sign > indicates that the drug was not active at the highest concentration 
tested. 



In blood. 



In broth. 




Strep. 

Strep. 

Staph. 

Cl. 

E. 

b\ 

pyogenes. 

A Ikoxyamines {0-A Ikylhydroxylamines ) . 

pyogenes. 

aureus^ 

welchii. 

coli. 

proteus. 

CH 3 - 

120 

20 

75 

150 

100 

300 

C 4 H 0 - 

500 

20 

100 

150 

100 

500 

CeHi,- 

100 

5 

200 

60 

200 

500 

C 7 H 16 - 

200 

5 

100 

50 

200 

200 



200 

2 

10 

10 

>20 

>20 

>5 1 

A Ikylenedioxydiamines {00'- A Ikylenehydroxylamines ) . 

>5 

>5 

>5 

>5 

-Cellia- 

50 

50 

200 

100 

100 

220 

— CioHgo— 

100 

1 

100 

8 

>200 

>200 

A Ikoxy guanidines. 

•C 4 H, 

100 

10 

1000 

60 

1000 

>1000 

-CeHi3 

5 

5 

100 

20 

100 

200 

-C,H„ 

20 

2 

25 

5 

50 

100 



20 

1 

2 

1*5 

5 

10 

-~Ci 2 Hai 8 

>10 

0*2 

0*8 

1 

2 

5 

A Ikylenedioxy diguanidines. 



50 

10 

200 

200 

>1000 

>1000 

-CjqHjo- 

20 

0*8 

10 

2 

20 

100 


As is usual with basic drugs, these drugs are more active against the Gram-positive than the 
Gram-negative bacteria [E. coli and B. proteus). In a homologous series it is usual for activity 
to increase with chain length up to a point above which the activity decreases. The alkoxy- 
guanidines, which are stronger bases than the O-alkylhydroxylamines, do not appear to have 
reached their maximum activity at C 12 , while the O-alkylhydroxylamines show signs of having 
done so. This power of a more strongly basic group to support activity in a longer chain has 
been noted before (Fuller, ibid.). 

The basicity of the compounds increases with the chain length. They are, however, such 
weak bases (the pH of their salts varies from pH 3 to pH 5*6) that none would be appreciably 
ionized at pH 7*5, so the observed differences of activity are probably not due to differences 
in their degrees of ionization. 

The O-alkylhydroxylamines turned the colour of blood to brown or black, but the change 
was less marked with the alkoxyguanidines. Blood greatly reduced the activity of the drugs 
with increasing effect as the series was ascended, until the higher members retained 1% or less 
of the activity shown in broth. 

Experimental. 

Hydroxyur ethane. — Hydroxylamine hydrochloride (27*8 g. ; 1 mol.) was added to a solution of 
ai^ydrous sodium carbonate (62*4 g. ; 1*5 mols.) in water (184 c.c.). The vigorously stirred solution, 
with salt in suspension, was ^owly treated with ethyl chloroformate (42-4 g.), the temperature being 
kept approximately at that of the room. The final solution was acidified and extracted with ether 
in a continuous extractor. The yield of hydroxyurethane, dried over sodium sulphate, was about 
94%. This method is based on Hantzsch's process {Ber., 1894, 27, 1256) and is more convenient than 
that of Jones {Amer. Chem. /., 1898, 20, 39). 

Butoxyurethane and Butoxyamine Hydrochloride . — Hydroxyurethane (10-6 g.) and butyl iodide 
(18*4 g.) were added to ethyl alcohol (30 c.c.) containing dissolved potassium hydroxide ( 6*6 g., 85% 
pure) and the mixture boiled for 6 hours. The alcohol was removed, and the crude butoxyurethane 
recovered by ether ex^action; yield 11*66 g. This urethane was boiled for one hour with potassium 
hydroxide (10*2 g. ; 4 mols.) in water (32*^c.c.). A solid potassium salt separated first but this quickly 
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disappeared and was followed by separation of an oily layer. The latter was taken up in ether, and the 
ethereal extract treated with slight excess of 3N-hydrochloric acid. This acid solution was eva^rated 
to dryness, and the crystalline residue dissolved in boiling ethyl acetate. Butoxyamine hydrochloride, 
m. p. 166—157°, separated in glistening leaflets (6-3 g.) identical with the product obtained from the 
butylation of benzhydroxamic acid (see below). 

Butoxy guanidine Nitrate, — Butoxyamine hydrochloride (9*3 g.) and cyanamide (6*3 g.) were boiled 
in absolute alcohol (50 c.c.) for six hours. The alcohol was removed, water added, and the required 
nitrate (9-8 g.) precipitated by adding excess of solid ammonium nitrate. It was twice crystallised 
from 1*6 vols. of water and separated in well-formed tablets, m. p. 77 — 78° (Found : C, 31*1 ; H, 7*6. 
CftHjjON^HNOa requires C, 30-9; H, 7*3%). On fractionation of the mother-liquors a by-product 
Avas obtained in small quantity which separated from water in nodules but from alcohol in clusters of 
feathery needles, m. p. 116 — 117°, This proved to be hutoxydiguanide nitrate (Found: C, 30*9; H, 
6'3; N, 34'8. CaHijONft.HNOj requires C, 30-6; H, 6-8; N, 35*6%). A specimen was synthesised 
for comparison by boiling butoxyamine hydrochloride and dicyanodiamide in butyl-alcoholic solution 
and conversion into the nitrate. On admixture of the above by-product with this substance there was 
no depression of m. p. 

Hexoxyurcthanc. — Potassium hydroxide (16*8 g.) in boiling absolute alcohol (168 c.c.) was treated 
with a mixture of hydroxyurethane (31*6 g.) and hexyl bromide (49-6 g.), and the resulting solution 
boiled for 6 hours. After removal of potassium bromide by filtration the alcohol was distilled off, the 
residue dissolved in water, and the hexoxyurethane extracted by ether and fractionally distilled ; b. p. 
147--148710 mm. ; yield 36-6 g. (Found : N, 7*3. C^Hi^OsN requires N, 7*4%). 

Acid hydrolysis. The foregoing urethane (18 g.) was boiled for two hours with constant-boiling 
hydrobromic acid solution (40 c.c.). On cooling, an oily layer separated which soon crystallised. It 
was collected, well pressed, and then washed with a little light petroleum to remove an oil ; yield 7*9 g. 
On crystallisation of the dried solid from ethyl acetate, hexoxy amine hydrobromide separated in pearly 
flakes, m. p. 141° (Found ; C, 36-7; H, 8-2. C,H,50N,HBr requires C, 36*4; H, 8-2%). The hydro- 
bromic acid mother-liquor after extraction with ether to remove non-basic material, mainly hexyl 
bromide, was basified and again extracted with ether. In this way a small quantity (2 g.) of the base 

(Found: C, 61*7; H, 130; N, 11-9. CeHi^ON requires C, 61-6; 

Alkaline hydrolysis. The urethane (36*4 g.) was boiled with potassium hydroxide (43 g. ; 4 mols.) 
in water (216 c.c.) for 3‘5 hours. The oily layer was taken up in ether, and the ethereal extracts 
combined and extracted with 2N-hydrochloric acid (150 c.c.). The acid extract was evaporated to 
dryness with absolute alcohol, dissolved in a small volume of dry ethyl acetate, and kept at 0°. 

Hexoxyamine hydrochloride separated in pearly scales, and a further quantity was obtained from the 
mother-liquor by addition of dry ether, total yield 20*4 g. The ethereal extract (above) was evaporated 
and gave unchanged ureriiane (5*8 g.). The hydrochloride is sparingly soluble in boiling ethyl acetate 
and melts at 150^151° (Found i C, 46-9; H, 10-6. C,Hi,ON,HCl requires C, 46*9; H, 10-5%). 

N^''<oxyguamdinc Nitrate. — (1) From methylhothiourea. Hexoxyamine (3*5 g. ; 1 mol.) in alcohol 
(20 c.c.) was treated with methyltsothiourea sulphate (4-2 g.), and the solution boiled gently for 1 hour 

^ evaporated to a small volume; on keeping, it deposited methylfsothiourea sulphate (0*7 g.). 

residue obtained on evaporation to dryness was dissolved in water, and excess of ammonium nitrate 
added. < rude hexoxy guanidine nitrate (4-7 g.) gradually crystallised. It separated from water on 
^rystall^tron Jn tablets, m. p. 72—73° (Found : C, 38-2 ; H, 8-5 ; N, 24-8. C,H„ON,.HNO, requires 

'Hexoxyamine hydrochloride (7-68 g.) and cyanamide (4-4 g.; 2 mols.) wore 
for 6 hours. The solvent was removed, water added, and then excess of 



61°, Avas obtained, crystallising in flattened prisms 
requires C, 81-6; H, 12*3%). 


in nfiixo >1 ^ 1 j /K "Equimolecular quantities (m/1o6o) of cholestenone and hexoxyamine 
three timt's f rnm i i ® crystalline oxime which separated was recrystallised 

u Separated m plates, m. p. 70° (Found ; C, 81-4 ; H, 11-8. 

requires v^, el -y , H, 11*9%). 

In a simihiT way O-hcxylcholestanone oxime, m. p. 6 
from alcohol (Found : C, 81-9; H, 12-2, CjjHs^ON : 

h 1 the'lower'homologVeVthe yield of product, 

b. p 158 /20 mm., being 47% (^'ouud : N, 6*8, 6*9. C,,H,,03N requires N, 7-0% ^ 

hoi^loeuiThe WM prepared by acid hydrolysis as described for its lower 

cTvstallfsation fmm . from 38-4 g. of heptoxyurethane being 34*6 g. On 

cr^tahisdtiou from it separated in plates, m. p. 143° (Found: C, 39*7; H, 8*8. 

etherWveheiitvI^rmSdeVi.^ ^ mother-liquors on extraction with 

alkaline ether extraetinn 170—180 /749 mm. ; and after the mother-liquors had been made 

iTs salt prepared in Lger quantity from 

irs sdir ana naa d. p. 170 /761 mm. (Found; C, 64*7: H 13-2 C H ON T#»nnir*»c r na.i • w i^.io/> 

c.c.) 'in methyl 

the reidut trehS Potas®*™ carbonate (4- 1 g.) for 3 hours. The solvent was removed, 

tim residue treated with a little water and ether and filtered from some well-formed orisms (0*7 e ^ 

pmv^Trhe"tS,e^vlim™ unmelted at LMce 

^ Thi (Pmrate. m. p. 312° undepressed by an authentic specimen), 

the reactions of an on distillation left an oil with a strong sweet o^our with 

of an aldehyde. It readily gave a dtmtrophenylhydrazone, red needles (0*1 g.). m. p. 129° 
from alcohol This on analysis proved to ^ derived iroL 2-n-heptylidene.n-h^^ldehyde (founS 
C, 61*6, H, 7'8, N, 14-5. C2oH,o04N4 requires C, 61*6; H, 7*8; nT 14*4%). 
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Heptoxyguanidine Nitrate, — This salt was prepared in a similar way to the lower homologue, the 
yield of crude nitrate from 3*9 g. of heptoxyamine being 4 g. It crystallised from water in prisms, m. p. 
ir (Found : C, 41*6; H, 8*6; N, 24-1. C8HigON8,HN08 requires C, 40-7; H, 8*5; N, 23-7%). 

Heptoxy-Z : ^dinitrobenzamide. — Heptoxyamine (1-31 g.) in pyridine (6 c.c.) was heated with 3 : 6- 
dinitrobenzoyl chloride (1 mol.) at 100° for 30 minutes. On cooling and adding excess of hydrochloric 
acid, the product crystallised (2*6 g.). It was purified by grinding with sodium bicarbonate solution 
and could then be crystallised from ether as pale yellow needles, m. p. 83 — 84° (Found : C, 62- 1, 62*1 ; 
H, 0'O, 6-9; N, 12-7. Ci4Hi,0,N, requires C, 61*7; H, 6-8; N, 12-9%). 

Nonoxyurethane, — The crude alkylated urethane prepared in the usu^ manner from hydroxyurethane 
(8*4 g.) and nonyl bromide (16*6 g.) was fractionally distilled and gave nonoxyurethane (8*4 g.), b. p. 
179°/20 mm. (Found : N, 6*1. CjjHjsOjN requires N, 6*1%), and a higher-boiling fraction of nonoxy- 
nonylurethane (3*0 g.), b. p. 189°/2 mm. (Found : N, 3*9. C21H48O8N requires N, 3*9%). 

Nonoxyamine Hydrobromide. — The urethane (8*4 g.) was boiled with constant-boiling hydrobromic 
acid (26 c.c.) for 2 hours. On cooling, the oily layer which separated gradually crystallised. It was 
collected, washed with a little 48% hydrobromic acid, and finally with a few drops of ether ; yield 6*3 g. 
It was crystallised from ethyl acetate (20 c.c.) and separated in flakes, m. p. 138° ; yield 4*1 g. (Found : 
C, 44*2; H, 9*4. C9HaiON,HBr requires C, 44*9; H, 9*2%). The hydrobromic acid mother-liquor 
on extraction with ether gave nonyl bromide (3*0 g.), b. p. 215 — 220°/766 mm. 

Nonoxyamine Hydrochloride. — The urethane (33*2 g.) was boiled with 16% hydrochloric acid (100 
c.c.) for 24 hours. The hydrochloride separated in needles (10*6 g.), m. p. 146—149° (Found : C, 66*2; 
H, 11*3: Cl, 18*4. C8H8 iON,HC 1 requires C, 65*6; H, 11*5; Cl, 18*2%). 

Nonoxy guanidine Nitrate. — Nonoxyamine hydrochloride (3*9 g.) was dissolved in N-sodium hydroxide 
(20 c.c.), and methylisothiourea sulphate (2*78 g.) in alcohol (16 c.c.) added. After boiling gently for 
1 hour, the solution was evaporated to dryness, the residue dissolved in absolute alcohol, and the sodium 
chloride removed. The solution was again evaporated to dryness, the residue dissolved in water, and 
ammonium nitrate added in excess. The nitrate was collected (4*8 g.) and crystallised from water, 
separating in needles, m. p. 61 — 62° (Found : N, 20*9. CioHasONa.HNOj requires N, 21*2%). 

Dodecoxyur ethane. — From lauryl bromide (37 g.) the crude urethane (39*0 g.) was obtained in the 
usual way. As it could not be distilled without some decomposition, it was hydrolysed without further 
purification. 

Dodecoxyamine Hydrobromide. — ^The urethane (20 g.) was boiled with constant-boiling hydrobromic 
acid (40 c.c.) for 3 hours; on cooling, the oily upper layer crystallised. It was collected by filtration, 
well pressed, and then washed with ether to remove adhering oil. The hydrobromide (9*1 g.) was 
recrystallised from ethyl acetate, separating in pearly plates, m. p. 133° (Found: C, 51*0; H, 9*9. 
CiaH870N,HBr requires C, 51*0; H, 10*0%). The hydrobromic acid filtrate was extracted with ether, 
and the extract on fractional distillation gave lauryl bromide (9*9 g.), b. p. 138 — 144°/18 mm. 

Dodecoxyguanidine Nitrate. — The preceding hydrobromide (5*64 g.) was dissolved in N-sodium 
hydroxide solution (20 c.c.) and methylisothiourea sulphate (2*78 g.) in alcohol (16 c.c.) added. The 
reaction mixture was worked up as described for the corresponding nonyl derivative. The yield of 
crude nitrate was 4*1 g., and on crystallisation from water (100 c.c.) it separated in leaflets, m. p. 79° 
(Found: C, 50*9; H, 9*6; N, 18*0. Ci8H280N8,HN03 requires C,60*9; H, 9*9; N, 18*3%). 

1 : Q-Hexamethylenedioxydiur ethane. — Hexamethylene dibromide (24*4 g.), hydroxyurethane (21 g.), 
and potassium hydroxide (11-2 g.) were boiled together in absolute alcohol (100 c.c.) for 6 hours. The 
alcohol was removed and an ethereal extract made of the residue when diluted by water. Removal of 
the ether left the crude urethane (28*7 g.), which could not be distilled at 1 mm. without decomposition. 

1 : ^-Hexamethylenedioxy diamine Dihydrochloride. — The preceding urethane was boiled for 2*6 hours 
with potassium hydroxide (40 g.) in water (80 c.c.), during which period there was some evolution of 
ammonia. The oily layer was taken up in ether and distilled, the fraction, b. p. 90 — 120°/1 mm. (9*8 
g.), being collected and redistilled, b. p. 112°/1 mm. (7*5 g.). It was treated with the calculated amount 
of N -hydrochloric acid, and the dihydrochloride was recrystallised twice from spirit. It separated in 
tiny leaflets, m. p. 220° (Found : C, 32*7; H, 8*1. CeHio02N2,2HCl requires C, 32*6; H, 8*2%). 

Attempts to hydrolyse the urethane with constant- boiling hydrobromic acid or 16% hydrochloric 
acid gave very poor yields of base. For instance, the diurethane (14 g.) was boiled for 1*5 hours with 
10% hydrochloric acid (60 c.c.) and gave a basic fraction (0*7 g.). A portion of this was converted into 
the dipicrolonate by mixing the calculated amounts of the components in alcohol. It was very sparingly 
soluble in boiling absolute alcohol and crystallised in minute needles, m. p. 229° (Found : C, 45*9 ; H, 
4*7. CeHi808N8,2CioH806N4 requires C, 46*4; H, 4*8%). 

1 : %-Hexamethylenedioxydiguanidine Dinitrate. — ^The preceding dihydrochloride (2*21 g.) was boiled 
in alcohol (20 c.c.) with cyanamide (1*68 g.) for 6 hours. The solvent was removed, and a small volume 
of water added, followed by excess of ammonium nitrate. An oil separated which eventually crystallised. 
It was collected, dried, and recrystallised from absolute alcohol or water, separating in pointed prisms, 
m. p. 123° (efferv.). The behaviour of the solid on heating in a capillary is variable : no melting takes 
place and the point of effervescence may occur at any temperature between 121° and 125° (Found : 
C, 27*2; H, 5*9; N, 30*7. C8H8o08Ne,2HN08 requires C, 26*8 ; H, 6*2; N, 31*3%). 

1 : l(^-Decamethylenedioxy diurethane. — Dibromodecane (16 g.) and hydroxyurethane (10*6 g.) were 
boiled in absolute alcohol (60 c.c.) containing potassium hydroxide (6*6 g.) for 6 hours. The alcohol 
was removed by distillation and replaced by water, and the diurethane extracted with ether. On 
removal of the ether, the residue (15*9 g.) crystallised on cooling to 0°. A portion was crystallised from 
ether-light petroleum and gave the urethane, m. p. 63 — 65° (Found : C, 65*6; H, 9*3. CijHjjOjNi 
requires C, 66*1; H, 9*3%). Attempts to hydrolyse the main bulk of diurethane by acid were 
unsuccessful. 

1 : lO-Decamethylenedioxydiamine Dihydrochloride. — ^The crude urethane from 15*0 g. of dibromo- 
decane was boiled for 1 hour with potassium hydroxide (20*2 g.) in water (40*6 c.c.). A potassium salt 
separated at first but was soon replaced by an oily layer. During the hydrolysis some ammonia was 
given ofi. The oil was taken up in ether, the ether removed, and tfie residue distilled; yield 3*9 g.. 
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b. p. 144 — 14571 mm. The undistiUed residue could be again hydrolysed to give a further quantity 
of base. The pure distilled base which readily solidified was converted into the dihydrockloride which 
could be crystallised from alcohol but preferably from 3N-hydrochloric acid, separating in tiny needles, 
m. p. 220"" (Found : C, 43*1 ; H, 9-2. CjoH240gN,,2HCl requires C, 43*3; H, v*4%). 

1 : lO-Vecameihylenedioxydiguanidine Dinitrate. — ^The preceding dihydrocliloride (1*4 g.) was boiled 
in alcoholic solution (10 c.c.) with cyanamide (0*84 g.) for 6 hours. The alcohol was removed, and the 
residue dissolved in water and treated with ammonium nitrate. The required dinitrate (2*2 g.) readily 
separated as a crystalline solid which was recrystalhsed from spirit (5 c.c.) and separated in rosettes of 
compact crystals, rn. p. ISS'" (offer v.). The point of effervescence, like that observed for the correspond- 
ing he xam ethylene derivative, is very variable, values as high as 147'* being observed (Found : C, 36*1 ; 
H. 7*2; N, 26-5. Cij,H*g02N*.2HNO, requires C, 34*8; H, 7*3; N, 27*0%). 

Butylation of Benzhy dr oxamic Acid. — Potassium benzhydroxamate (46*7 g.), spirit (226 c.c,), butyl 
bromide (411 g.), and excess of potassium carbonate were boiled for 16 hours, the alcohol removed by 
distillation, and the residue diluted with water and ether and filtered from unchanged potassium benz- 
hydroxamate (5*6 g.). The combined ethereal extracts were treated with 7 successive portions of 2 n- 
sc^iurn hydroxide (98 c.c. in all) to remove acidic substances. The residual ethereal solution on evapor- 
ation left non-acidic .substances (A, 23*6 g.). The alkaline extract on acidification and extraction with 
ether gave an acidic fraction {B, 23*9 g.). 

... ..... . . ^ fraction (16*2 g.), b. p. 176— 

176 — 180®/13 mm. (Found : 

_____ ^ The dibutyl derivative was 

boiled with a mixture of absolute alcohol (100 c.c.) and hydrochloric acid (26 c.c., d 1*16) for 4 hours. 
The resultant solution was diluted with 2 vols. of water and extracted with ether. Washing of the latter 
with aqueous sodium bicarbonate removed benzoic acid (0*72 g.), and fractional distillation gave ethyl 
benzoate (8-35 g.), b. p. 213°, with no higher fraction. The main hydrochloric acid mother-Squor was 
evaporated to drynes.s under reduced pressure, finally with alcohol, and a small crop of ammonium 
chloride removed. On re-evaporation to dryness and solution in dry ether, butoxyamine hydrochloride 
separated as leaflets, m. p. 164°, undepressed by an authentic specimen (Found : Cl, 28*6. Calc. : Cl, 
28*2%). 

The acidic fraction (/i), on distillation at 16 mm., had b. p. 182° and was much more viscous than the 
dibutyl compound ; yield 17*0 g. Analysis showed it to be O' -butyl benzhydroxamate (Found : C, 68*1 ; 
11, 8*0; N, 7*6. CiiHmOgN requires C, 68*4; H, 7*8; N, 7*2%). It was hydrolysed by boiling with 
constant-boiling hydrobromic acid for 6*6 hours. The solution was diluted with an equal volume of 
water, and ether extraction removed benzoic acid in quantitative yield. The hydrobromic acid solution 
was evaporated to small volume under reduced pressure with two additions of water, and the butoxyamine 
hydrohromide collected. It was ciystalUsed from ethyl acetate and separated in pearly leaflets, 

m. p. 169 160 (Found : Br, 47*2. C 4 HiiON,HBr requires Br, 47*0%). It was converted in aqueous 

solution by treatment w’lth silver chloride into butoxyamine hydrochloride which, unlike the hydro- 
bromide, i.s very sparingly soluble in boiling ethyl acetate. It crystallised in pearly leaflets, m. p. 

(l^ound : Q 28-4. Calc. : Cl, 28*2%). Neuffer and Hoffman (/. Amer. Chem. Soc., 1926, 
47, 1686) gave ra. p. 152—163°. 

. — Sodium (9*2 g.) was dissolved in absolute alcohol (160 c.c.) and, after 
n-u hydrobromide (43*4 g.) and heptyl bromide (35*8 g.), was boiled for 6 hours, 

removed, and the residue treated with water and ether. The ethereal extract on dis- 
tiUation left a crystalline solid (42*7 g.) which distilled at 192°/11 mm. O-Heptylbenzamidoxime crystal- 

P- (Found : C. 71*9; H. 9*5. C, 4 HggON* requires C. 71*6; H. 

^ t 'i'i. to convert this amidoxime into benzenyl chloride oxime 0-heptyl ether by the action 

of in hydrochloric acid solution were unsuccessful. The amidoxime forms a sparingly soluble, 

^ ♦ hydrochloride which is not attacked by the nitrite, and an attempt to circumvent this by carrying 
out the reaction in glacial acetic acid with amyl nitrite and hydrochloric acid was also unsuccessful. 

EthyUnedt-O-henzamidoxime Dihydrochloride.^'Ethyleu^ bromide (4*7 g.), benzamidoxime (6*8 g.), 
TK^ C.C., wluch had reacted with sodium, 1-2 g.) were® boiled together for 4 hours. 

f>f u ^ distillatiou, and the residue dissolved in water and made alkaline by addition 

hydroxide solution. The solid which separated was dissolved in 3N-hydro- 
chlonc acid readily crystallised in needles; yield 1*1 g., m. p. 234—235° (Found : C, 61*8; H, 5*7. 

i aV J ’ iP’ ^'^%)* . hydrochloric acid mother-liquor on basification 
niinf/ri Hv ^ t cthylenedibenzamidoxime base. No yields for this reaction are 

quoted by Falck (B^., 1886 19, 1485) or by Werner and Gemeseus (ibid., 1896, 29, 1162). 
r r ^ — Sodium (4*6 g.) was dissolved in al>solute alcohol (100 

added* hydrobromide (21*7 g.), dissolved in warm absolute alcohol (20 c.c.), was 

for ^«^»"aethylene bromide (12*15 g.) was then added, and the solution 

betizaMiidnxrintJt 5®®^oved, and the residue treated with water. Hexamethylenedi- 

^ ^ 01 which soon Solidified (14*7 g.). When crystallised from 70% alcohol 

?eaui^ C S?7 H P* «7.2; H, 7*6; N, 16*6. Ch,40.N4 

l)4senyUUorid;oxiJe werenofsuc^^^ ^ substance into hexamethylenedi-O- 

(8*2 g.) was dissolvcd in absolutc alcohol 
wfP ^ dodecamethylene bromide (16*36 g.) added. The solution 

hvdroxfde removed by distiUation, and the residue made alkaUne with N-sodium 

sej^ated rapidly crystaUised; yield 18 g. The crude oxime was 
crystallised from this solvent. It separated in broad 
snort needles, m. p. 106 — 108° (Found: C, 71*4* H. 8*6 CHON r 71-2 • H 8*7o/l 

With 3N.hydrochloric acid it forms an oily hydrod^^ requires C, 712, H, 87/o). 

s*) and ethylene bromide (4*7 g.) 

were added to sodium ethoxide solution prepared from absolute alcohol (26 c.c.) and sodium (1*16 g.). 
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On boiling, sodium bromide rapidly separated ; heating was continued for 6 hours. When cold, the 
sodium bromide and admixed needles were collected and the former removed by water, leaving the 
oxime (1»7 g.), which crystallised from absolute alcohol (60 c.c.) in pearly leaflets, m. p. 123 — 124® (Found ; 
C. 80*3; H, 6*4; N, 6*4. requires C, 80*0; H, 6*6; N, 6*7%). There was no evidence 

for the presence of any isomeric ether, ■flie alcoholic mother-liquors giving only unchanged benzophenone 
oxime. 

Preparation of Benzamidoxime Hydrobromide. Isolation of 2 : 4‘Viphenyl-l : 3 : 5-oxadiazole. — 
Phenyl cyanide (103 g.), hydroxylamme hydrochloride (69-5 g.), and anhydrous sodium carbonate 
(53 g.) were treated with water (150 c.c.), and ethyl alcohol added until the solution was homogeneous. 
The solution was boiled for 18 hours, the alcohol removed by distillation, and the aqueous residue 
extracted with ether. The ethereal extract was shaken with 24% aqueous hydrobromic acid (400 c.c.), 
and the latter on concentration gave a 76% yield of benzamidoxime hydrobromidc, crystallising in prisms, 
m, p. 183° (Found : C, 39-0; H, 4-7. C^HgONj.HBr requires C, 38-7 ; H, 4*2%). The ethereal solution 
on fractional distillation gave phenyl cyanide (9*5 g.) and a non-volatile crystalline residue (2*36 g.). 
The latter on ciystallisation from methyl alcohol separated in long silky needles, m. p. 107°, which proved 
to be 2 : 4-diphenyl-l : 3 : 6-oxadiazole (Found: C, 75*4; H, 4*8. Calc, for CigHioON* : C, 75*7; 
H, 4*5%). The final hydrobromic acid mother-liquor contained benzamide (4*0 g.). 

Wolf (Ber,, 1898, 81, 2111) gives m. p. 168° for benzamidoxime hydrochloride. In our hands this salt 
crystallised from alcohol and ether in stout prisms, m. p, 203° (Found: C, 48*9; H, 6*3; Cl, 20*6. 
Calc, for C7H80N2,HC1 : C, 48*7; H, 6*3; Cl, 20*6%). 

Our thanks are due to Mr. E. V. Wright for able assistance in the experimental work. 

National Institute for Medical Research, 

Hampstead, N.W.3. [Received, October \%th, 


183 . Z-Deoxy-l-xylose. 

By S. Mukherjee and A. R. Todd. 

In the course of experiments initiated in search of new synthetic routes to 2-deoxyribose 
derivatives, 2 : Z-anhydro-p-methyl-\-ribopyranoside, prepared from )3-methyl-f-arabopyranoside, 
has been treated with sodium thiomcthoxide and the product refluxed in alcohol with Raney 
nickel. The product was Z-deoxy-p-methyt-hxylopyranoside containing at most only traces 
of a 2-deoxypentoside. Acid hydrolysis gave Z-deoxyA-xylose as a S5mip, characterised as its 
■p-nitrophenylosazone, and yielding on oxidation l-erythro-l : 3 : 4- trihydroxy valeric acid 
isolated as its phenylhydrazide, Hydrogenolysis of the same anhydro-glycoside gave mainly 
3-deoxy-)3-methyl-/-xylop3n:anoside, apparently accompanied by a small amount of a 2- 
deoxypentoside, since the product showed a small uptake of oxidant on titration with periodate. 

2 : Z-Anhydro-a-methylA-ribopyranoside treated in similar fashion with sodium thiomcthoxide, 
followed by refluxing in alcohol with Raney nickel, also gave a product whose major constituent 
was 3-deoxy-a-methyl-/-xylopyranoside, since the syrupy sugar obtained from it by hydrolysis 
yielded 3-deoxy-f-xylose ^-nitrophenylosazone on warming with /7-nitrophenylhydrazine. 

The work described in this paper was undertaken in connection with studies on the synthesis 
of purine and pyrimidine nucleosides in progress in this laboratory, and which required for 
extension to the deoxyribonucleosides considerable quantities of 2-deoxy-if-ribose. 2-Deoxy- 
/-ribose has been prepared from /-arabinOvSe (Levene and Mori, J. Biol. Chem., 1929, 83, 803; 
Levene, Mikeska, and Mori, ibid., 1930, 85, 785) using the standard glycal route first developed 
by Fischer [Ber., 1914, 47, 196), but the exploration of other routes which might give better 
yields of 2-deoxyribose derivatives seemed desirable. The use of 2 : 3-anhydro-sugar derivatives 
as intermediates in the synthesis of deoxy-hexoses has recently been described by Prins, Reich- 
stein, and their co-workers who have prepared in this way various derivatives of 3-deoxy-if- 
glucose (Prins, Helv. Chim. Acta, 1946, 29 , 1), 2-deoxy-J-allose (Jeanloz, Prins, and Reichstein, 
ibid., p. 371), cymarose (Prins, ibid., p. 378) and 3-deoxy-/-mannose (Bollinger and Prins, ibid., 
p. 1061). F^ollowing a discussion with the Swiss workers it was agreed that we should seek to 
apply similar methods in the pentose series in the hope that they would lead to a preparative 
method for 2-deoxyribose derivatives. For convenience we first carried out the proposed 
sequ^ce of reactions starting with I-arabinose, which was expected to yield finally either 

2- deoxy-l-ribose or 3-deoxy-f-xylose or possibly a mixture of both. In fact, it was found that 

3- deoxy-I-xylose was formed as the main product; no 2-deoxy-/-ribose derivative could be 
isolated, although there was some evidence that traces of 2-deoxy-derivatives were formed. 

p-Methyl-/-arabop]yranoside (I) condensed with acetone to give an acetone derivative whose 
foxmulation as 3 : 4Asopropylidene ^-methyUl-^arahopyranoside (II) follows from the transform- 
ations described below. Treatment of (II) with ^-toluenesulphonyl chloride in pyridine yielded 
2-p-fasyl 3 : 4Asopropylidene f^-methyUX-arahopyranoside (III) hydrolysed to 2‘-p-tosyl ^•methyU 
\-ardbopyranoside (IV). The location of the tosyl group in (IV)# and hence the structures 
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aUotted to (II) and (III), are confirmed by the fact that on titration of (IV) with periodate 
1 mol. of oxidant is consumed. Cold methanolic sodium methoxide converted (IV) into a 
crystalline anhydro-compound formulated from its mode of preparation as 2 : 
methyUl-rihopyranoside (V) which, warmed with methanolic sodium thiomethoxide, yielded a 
syrupy sulphur-containing glycoside. Assuming a /m«s-opening of the ethylene oxide ring 
of (V) with inversion at the carbon atom to which the sulphur attaches itself this product might 
have been Z-methylthio ^-methyUl-xylopyranoside (VI), 2-methylthio p-methyl-/-arabopyranoside, 
or a mixture of both. Although from the experience of Jeanloz, Prins, and Reichstein (loc, 
cii.) in the rf-allose series production of the 2-methylthio-product in reasonable amount might 
have been expected, subsequent reactions show that our product consisted almost entirely of 
(VI), the 2-methylthio-compound being present at most in traces. The syrupy methylthio- 
compound was refluxed in alcoholic solution with Raney nickel, prepared according to Mozingo 
et al. (J, Amer. Chem, Soc., 1943, 65, 1013) ; it then yielded a sulphur-free glycoside which was 
stable to periodate, the uptake of oxidant on titration being within the limits of experimental 
error. This product we regard as Z-deoxy-^^methyhl-xylopyranoside (VII). The possibility 
that it was contaminated by a trace of 2-deoxy-p-methyl-/-riboside cannot be excluded since 
it could not be crystallised and it gave a feeble green colouration in the Keller-Kiliani test 
commonly regarded as specific for 2-deoxy-sugars. Acid hydrolysis of (VII) yielded the free 
^•‘deoxyArXylo^e (VIII) as a syrup yielding a crystalline ^-nitYophenylosazone, The structure 
allotted to (VIII) was confirmed by oxidation with bromine water, lactonisation of the acid 
]>roduced, and conversion into a crystalline phenylhydrazide, which agreed in m. p., analysis, 
and, within the limits of error, optical rotation with /(4*)-erj//Aro-l : 3 : 4-trihydroxyvaleric 
acid phenylhydrazide (IX) prepared by Nef {Annalen, 1910, 376, 48), who on the basis of its 
dextrorotation described it as the d-erythro-compowad. 
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As an alternative route the ethylene oxide ring in (V) was opened by hydrogenolysis under 
pressure using a nickel catalyst. The syrupy product produced was again mainly (VII) but 
there was more evidence of the presence of an appreciable amount of a 2-deoxy-pentose derivative, 
since the green colour produced in the Keller— Kiliani test, although weak, was stronger than in 
the case of the product obtained via the methylthio-glycoside, and on periodate titration O’ 17 
mol, of oxidant was consumed. On acid hydrolysis followed by treatment of the S5rrupy free 
sugar with /»-nitrophenylhydrazine, however, only the ^-nitrophenylosazone of 3-deoxy-/- 
xylose could be isolated. No further attempts were made to isolate any 2-deoxy-pentose 
present, since it was evident that even if they were successful the method would hardly be of 
preparative value. 

In the preparation of ^-methyl-Z-arabopyranoside a considerable amount of a syrupy 
mixture of the a- and the p-isomer was left after removal of the crystalline ^-compound. This 
syrup was condensed with acetone and the product tosylated. After separation of a quantity 
of the crystalline 2-^-tosyl 3 : 4-fsopropylidene p-methyl-Z-arabopyranoside the residual syrup 
was subjected to mild hydrolysis: from the resulting syrup 2-p-fosy/ a-methyUl-arahopyranoside 
was isolated. By methods exactly analogous to those used above in the p-series this compound 
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was converted into 2 : Z-anhydro-tjL-methyUl-ribopyranoside, the latter reacted with sodium 
thiomethoxide, and the product treated with Raney nickel. The resulting syrup gave analytical 
values corresponding to a deoxy-methylpentoside, and from the fact that it consumed ca, 0*3 
mol. /mol. of periodate on titration it appeared to be a mixture of (VII) with a smaller amount 
of a 2-deoxy-compound ; on hydrolysis and treatment of the product with ^-nitrophenyl- 
hydrazine only 3-deoxy-/-xylose ^-nitrophenylosazone was isolated. This was rather surprising 
in view of the periodate titration value mentioned above, but it is possible that this value may 
give an exaggerated estimate of the content of 2-deoxy-pentoside in the mixture. 

The results obtained indicate that the projected route to 2-deoxyribose from arabinose via 
the 2 : 3-anhydroarabinosides is unlikely to be of any practical interest if, indeed, it can be 
realised. The route, however, does form a fairly convenient method for the preparation of 
3-deoxy-/-xylose and its derivatives, since the overall yield from methyl-/-arabopyranoside is 
very satisfactory. Other possible routes to 2-deoxyribose derivatives are under investigation 
and will be reported upon in due course. 


Experimental. 

P-MethyUl-arahopyranoside . — Following the procedure of Hudson (/. Amer. Chem. Soc., 1925, 47, 
267) we obtained from /-arabinose (100 g.) pure ]8-methyl-/-arabopyranoside (32 g.), together with a 
syrupy mixture of the a- and the )3-isomer {ca. 75 g.). 

3 ; 4<soPropylidene p-M ethyl A-arabopyranoside . — To an ice-cold suspension of finely powdered 
/3-methyl-/-arabopyranoside (32 g.) in dry acetone (750 c.c.), phosphoric oxide (26 g.) was gradually 
added with stirring. The temperature was kept below 5° and stirring continued until the starting 
material dissolved {ca. 3 hours), then set aside overnight in the refrigerator. The supernatant liquid 
was decanted from the mixture of phosphoric acid, etc., which had settled to the bottom of the flask, 
and neutralised by gradually adding concentrated aqueous potassium hydroxide. The mixture was 
filtered and the filtrate concentrated under reduced pressure (bath temp. 36°). The syrupy product 
was distilled at 80— -90° (bath temp.)/6 X 10-* mm. giving the isopropylidene derivative as a colourless 
syrup (29 g. ; 72*5%). [a]^' -f- 175*7° ±0-6° {c, 5*2 in chlorof<^) (Found: C, 63*3; H. 7*7. C^HjeO^ 

requires C, 52*9 ; H, 7*8%). The same product was obtained ^though in much lower yield by carrying 
out the condensation of ^-methyl-/-arabopyranoside with acetone in presence of anhydrous copper 
sulphate and sulphuric acid. 

2-p-Tosyl 3 : \-isoPropylidene p-MethyUl-arahopyranoside . — ^/>-Tosyl chloride (28*5 g.) was added to 
a solution of 3 : 4-/5opropylidene ^-methyl-/-arabopyranoside (27*3 g.) in dry pyridine (136 c.c.) and 
the mixture warmed at 40° for 24 hrs. A small amount of water (1 c.c.) was added, and the solution 
set aside at 0° for 30 minutes. More water {ca. 100 c.c.) and chloroform {ca. 250 c.c.) were added and the 
mixture was shaken. The chloroform layer was separated, and the aqueous layer extracted several 
times with small quantities of chloroform. The combined chloroform extracts were washed successively 
with ice-cold dilute sulphuric acid, sodium hydroxide, and water, dried (Na2S04), and evaporated under 
reduced pressure. The residue recrystallised from alcohol gave colourless rod-shaped prisms (37*5 g.), 
m. p. 133°, [a]Jf -1-187*3°±2° (c, 1*55 in chloroform) (Found: C, 63*8; H, 6*1; S, 8*6. CieH^aO^S 
requires C, 53*6; H, 6*2; S, 8*9%). 

2-p-Tosyl B-Methyl-l-arabopyranoside . — A solution of 2-p~tosyl 3 : 4t~isopropylidene ^-methyl-l- 
arabopyranoside (34 g.) in a mixture of methanol (1400 c.c.) and dilute sulphuric acid (280 c.c. of n) 
was heated at 40° for 4 hours; a further quantity of sulphuric acid (280 c.c. of n) was then added and 
the solution maintained at 40° for a further 4 hours, then cooled and neutralised by shaking with pre- 
cipitated barium carbonate. Filtration followed by removal of solvents under reduced pressure (bath 
temp. 40°) gave a syrup which was taken up in ether; the solution was dried (Na2S04) and evaporated. 
The residue solidified on removal of the last traces of solvent in a vacuum. The product (30 g.) could 
be purified by precipitation from ethereal solution with pentane ; it then had m. p. ca. 43°, but was ver^^ 
hygroscopic. [a]f?’ -t-116°d:l° (c, 3*47 in chloroform) (Found: C, 49*1; H, 5*9. C13H18O7S requires 

C, 49*0; H, 5*7%). 

2 : Z-Anhydro-p~mefhyl-l-ribopyranoside. — Ice-cold methanolic sodium methoxide (75 c.c. of a solu- 
tion prepared by dissolving 6 g. sodium in 100 c.c. methanol) was added to a solution of 2-ip-tosyl 
p-methyl-harabopyranoside (28*2 g.) in chloroform (350 c.c.) at 0°, and the mixture set aside in the 
refrigerator for 3 days with occasional shaking, then left at room temperature for a further 24 hours and 
neutralised with N-sulphuric acid. The chloroform layer was separated and the aqueous layer extracted 
with chloroform, and the combined chloroform extracts were dried (Na2S04) and evaporated under 
slightly reduced pressure (bath temp. 40°). The anhy dr o-gly coside was obtained as a colourless syrup 
(11*4 g.), which on being kept in a desiccator over phosphoric oxide slowly set to a mass of needles 
which were so hygroscopic that a satisfactory m. p. determination could not be made, [a]}?' -f-35*7° 

{c, 2*7 in chloroform) (Found : C, 49*3; H, 6*9. C0H1OO4 requires C, 49*3; H, 6-9%). 

Z-Methylthio p-Methyl-l-xylopyranoside. — 2 : 3-Anhydro-j8-methyl-/-ribopyranoside (5 g.) was dis- 
solved in methanolic sodium thiomethoxide (37*5 c.c. containing T87 g. of sodium and 6 g. of methyl- 
thiol) and the solution refluxed for 2 hours, then cooled, exactly neutralised with N-sulphuric acid, and 
evaporated to dryness under reduced pressure (bath temp. 40°). The residue was extracted with chloro- 
form, and the extract dried (Na2S04) and evaporated. The brownish syrup (6*9 g.) could be purified 
by chromatography on active alumina in benzene solution ; a small amount of material passed through 
the column, ana elution of the adsorbed material with methanol gave the product (0*8 g. from 1 g.) as a 
faintly yellow syrup (Found : C, 43*2; H, 7*2. C7H 14048 requires C, 43*3; H, 7*3%). 

Z-Deoxy-ft-methyl-Vxylopyranoside, — (1) Prom Z-methylthio p-methyl-l-ribopyranoside. The crude 
methylthio-compound (6 g.) was dissolved in a mixture of alcohol (300 c.c.) and water (70 c.c.), and 




Raney nickel (160 g, prepaied according to Moango »t al., lot. cU.) add^. The mixture was heated 
under reflux for 2 hours and filtered, the nickel being thoroughly washed witt alcohol, the combined 
titrate and washings were evaporated under reduced pressure. The residue was dissolv^ in water 
(35 C.C.), the solution thrice extracted with chloroform, and the aqueous phase evaporated under reduced 
pressure (bath temp. 40°) to a syrup, which was dissolved in acetone (30 c.c.) and mtered from inc^gsunc 
material^ and the acetone again evaporated under reduced pressure. The residue so obtained distilled 
at ilO® (bath temp.)/4 x 1(H mm. as a colourless hygroscopic syrup (3-6 g.). [a]}? 4-142*2^^5® (c, 2*25 

in chloroform) (Found: C, 48-0; H, 8-5. CgHi204 requires C, 48*6; H, 8*2%). The product was 
virtually unaffected by sodium raetaperiodate (0-2163 g. consumed 0-02 c.c. of m - periodate in 24 hours; 
0-07 c.c. in 48 hours) but it gave a feeble green coloration in the Keller-Kiliani test. 

(2) From 2 : Z-anhydro-^-meikylA-ribopyranoside. Raney nickel (4 g.) was added to the anhydro- 
compound (3-3 g.) dissolved in alcohol (60 c.c.) and tlie mixture hydrogenated at 110®/100 atm. during 
24 hours. Catalyst was removed by filtration and the filtrate evaporated under reduced pressure, 
yielding a colourless syrup which distilled at 100 — 105® (bath tcmp.j/KH mm. The product (2*2 g.) 
had [all?* 4-143M 4® {c, 2-868 in chloroform) (Found : C, 48-7; II, 8-3; OMe, 19-9. CgH 1,0* requires 
C, 48-6; H, 8*2; OMe, 20 9). It gave a weak colour m the Keller-Kiliani test, and on titration with 
periodate it took up 0-17 mol. of reagent in 48 hours, suggesting that it may have been contaminated 
with some of the corresponding 2-deoxy-ribosidc. 

3-Deoxv-i'Xylo>ie . — The S)nriipy glucoside obtained by method (1) above (0-3868 g.) was heated to 
100® with dilute sulphuric arid (25 c.c. of 0-5n) until a constant rotation was attained (75 minutes). 


Specific rotations : after 60 minutes, -f-8-4°, after 75 minutes, ~l-7*9®i;l*5° (constant). The solution 
was neutralised with freshly precipitated barium carbonate, filtered, and evaporated under reduced 
pressure. 'J'he rc.sidual syrup was evaporated once under reduced pressure with methanol and dis- 
solved in absolute alcohol. Inorganic matter was precipitated by addition of ether and the solution 
evaporated under reduced pressure yielding the sugar as a colourless syrup which immediately reduced 
Fehling's solution but could not be crystallised (Found : C, 44-4; H, 7*7. CgHjoO* requires C, 44*8; 
H, 7‘6%). Calculated from the final rotation of the hydrolysis solution the sugar had -f8*7° d- 1‘fi*** 

A similar product was obtained by hydrolysing a sample of 3-deoxy-^-methyl-/-xylopyranoside 
prepared by method (2) above; the specific rotation became constant after 90 minutes at -f 9®. 

3-Deoxy-l-xyIose p-Nitrophenylosazone . — This was prepared by heating 3-deoxy-/-X3dose (230 mg. 
prepared vta the methyltliio-compound) in water (6 c.c.) with p-nitrophenylhydrazine (600 mg.) in 
glacial acetic acid (1 c.c.) for 1 hour on Wt steam-bath, and rccrystallised from alcohol ; dark red micro- 
crystalhiiepowder,m.p. 254-256® (Found: C, 61-2; H, 4-8; N, 20-9. Cj,Hi80eNe requires C, 50*7; 
H, 4-5; N, 20-9%). Similar treatment of a sample of the sugar prepared by the procedure involving 
hydrogeiiolysis of the anhydro-compound gave the same product , no other product could be isolated, 
although the m. p. of tlie crude osazone was somewhat lower. 

1-erythro-l : 3 : 4- I'ri hydroxyvaleric Acid Phenylhy dr azide.— Bromine (0-25 c.c.) was added to a solu- 
tion of 3-dcoxy-/-xylose (470 mg.) in water (6 c.c.) and the mixture shaken in a closed vessel for 48 hours 
in the dark. Unchanged bromine was then removed under reduced pressure in a stream of air, the 
solution neutralised with freshly precipitated silver carbonate, and excess of silver removed with hydrogen 
sulphide. 'Lhe solution obtained by filtering through charcoal was evapoiatcd under reduced pressure 
and the residue evaporated oikx with methanol. The syrup (370 mg.) so obtained was lactonised by 
distillation at 120® (bath temp.)/3 x 10-* mm. and the syrupy lactone (114 mg.) heated for 30 minutes 
at 100® with phenylhydrazine (100 c.mm.). After 3 hours a senii-crystalline mass had separated; 
other was added and the colourless crystalline precipitate filtered off. Kecrystallised from alcohol the 
hydrazide formed colourless needles, m. p. 149^ [a]g’ 4-4-5®i fr (c, 0-4 in alcohol) (Found : N, 11*7. 


hydrazide formed colourless needles, m. p, 149®, [a]y 

Calc, for : N, 11-7%). Nef {loc. ctt.) records for d-crythro-l : 3 : 4-trihydroxyvaleric acid 

phenylhydrazide, in. p. 160° and [a]??* -f 9-4°. 

2-p-7 osyl a- Mcthyl-l-arabopyranostde . — The S3rrupy residue remaining after removing the crystalline 
^-methyl-/-arabopyranoside from the glycosidisation mixture from 100 g. of /-arabinose was condensed 
with acetone (1700 c.c.) in presence of phosphoric oxide (60 g.) as described above for the pure jS-com- 
pound. The jiroduct (40 g.), a mixture of the a- and the j3-isomer of 3 ; 4-i5<7propylidene methyl-/- 
arabopyranoside, distilled at 100—110® (bath temp.)/l0~“ mm. (Found : C. 52-8; H, 8-0. Calc, for 
C, 52-9; H, 7-8%). 

The above a-^-mixture (40 g.) was dissolved in pyridine (200 c.c.) and tosylated as described under 
the ^-compound. The product, a colourless syrup, ^^as disstfived in a minimum amount of alcohol and 
set aside overnight in the refrigerator. Pure 2-j^-tosyl 3 : 4-isopropylidenc )5-methyl-/-arabopyranoside 
(17*6 g.) separated, m. p. and mixed m, p. 133®. The alcoholic mother liquor gave on evaporation a 
(^2 8*) which wjis hydrolysed for 8 hours with methanol (1600 c.c.) and dilute sulphuric acid 
(6^ c.c. of n). Ihe hydrolysis solution was neutralised with precipitated barium carbonate, filtered, 
and evaporated under^ reduced pressure giving a syrup containing some crystalline material. This 
t^oduct was dissolv'cd in ether, dried (Na£S04), concentrated to ca. 250 c.c., and set aside overnight in 
^-p-Posy/ a-methyPl-arabopyranoside separated as colourless needles (5*3 g.), m. p. 
129—130®, [ajf?* —16*4® - 0*4® (t, 4*88 in chloroform) (Found : C, 48-8; H, 5-7; S, 10*2. 
requires C, 49-0; II, 5-7; S, 10*1%). On titration with sodium metaperiodate 1*1 mols. of oxidant 
were taken up. 


2 : Z-Ankydro-a-metkyUl-ribopyranoside . — Prepared from 2-/)-tosyl a-methyl-/-arabinoside (3*8 g.) 
in a manner siimlar to that described above for the /5-isomer, the anhydro’-compound (1*7 g.) was obtained 
as a syrup which crystallised on being kept for a few days in a desiccator and then had m. p. ca. 73® 
tube); [a]if -1451®i.3® (r, 1*9 in chloroform) (Found: C, 49*2; H, 6*9. CeHio04 requires 
C, 49*3; H, 6*9%). 

When the anhydro-compound (1*7 g.) was treated with methanolic sodium thiomethoxide and the 
product reffuxed in alcohol with Haney nickel as d^cribed for the j5-isomer, a hygroscopic syrup (1 g.) 
was obtained which distilled at 100—106® (bath temp.)/10-» mm. and had [alif — 14l‘8®il® ic, 2*48 in 
chloroform) (Found: C, 48*0; H, 8*0. Calc, for C4HUO4 : C, 48*6; H, 8*2%). It gave a weak green 
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Keller-Kiliani reaction and on titration with periodate took up ca. 0-8 moL/mol That ft contained 
3-deoxy-a-inethyl-/-xylopyTanoside as its major constituent was proved by hydrolysis with O-dN-sulphuric 
acid (specific rotations : after 20 minutes in the cold, —116°; after 30 minutes’ heating, —3*4°; after 
46 minutes' heating, +4*6° constant) when a syrupy sugar was obtained (Found : C, 44-4; H, 7-7. 
Calc, for C8 Hio 04 : C, 44*8; H, 7-5%). Warmed with p-nitrophenylhydrazine the sugar yielded 
3-deoxy-/-xylose^nitrophenylosazone, m. p. 254° undepressed in admixture with an authentic specimen 
(m. p, 254 — 256°) prepared above from the ^-methylglycoside ; no other crystalline material was isolated. 


University Chemical Laboratory, Cambridge. 
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184 . An Experimental Study of the Alkylation of Aromatic Amines 
using ( 1 ) Aluminium Alkoxides and ( 2 ) Alumina with Alcohols. 

By J. Campbell Earl and Noel G. Hills. 

The alkylation of aniline salts and complexes by means of aluminium alkoxides has been 
explored, and the influence of various anions and cations present on the rate of alkylation 
roughly examined. The vapour-phase methylation of methylaniline with methanol in the 
presence of alumina has also been studied in some detail, together with the effect on the rate of 
N-alkylation and on the tendency towards nuclear alkylation of the addition to the catalyst of 
various metallic salts. 

The demand for N-alkylated amines for war purposes led the authors to a review of alternative 
methods of alkylation which might be preferable in some respects to those at present used 
industrially. Some of the experimental results obtained with two such methods are described 
here. Not enough evidence is available to indicate whether the two processes under consideration 
differ fundamentally from one another or whether either or both of them involve the same react- 
ing entities as the other known alkylation processes. It would therefore be premature to 
introduce a theoretical discussion at this stage. The catalytic action of alumina presents many 
points of interest which have often been discussed in the literature. Further information will 
no doubt be gained from a strictly quantitative study of the vapour-phase alkylation process. 
Requirements of such a study include rigid temperature control and a constant rate of passage 
of the reaction mixture over the catalyst. The considerable mechanical difficulties involved 
in meeting these requirements are gradually being overcome and it is hoped that the experimental 
results eventually obtained will be precise enough to justify theoretical treatment. Meanwhile, 
many of the facts brought to light during our preliminary studies seem to be of sufficient interest 
to descril)e here. 

(1) Alkylation of Aniline Salts and Complexes with Aluminium Alkoxides. — Lazier and Adkins 
(/. Amer. Chem. Soc., 1924, 46, 741) described the successful alkylation of aniline by heating 
it with the requisite aluminium alkoxide in a sealed tube at 260 — 350°. It is possible, however, 
to alkylate salts of aniline or aniline-metallic salt complexes under atmospheric pressure with 
aluminium alkoxides at considerably lower temperatures than those needed for aniline itself. 
The following table summarises a series of experiments in which various aniline salts were mixed 
with four times the amount of aluminium ethoxide required for complete diethylation and 
heated under a reflux condenser for several hours. The ease of alkylation of the iodide is 


Salt. Temp. Time, hours. Primary base in product, %. 

Ph-NHgCl 184° 5 91*8 

Ph-NHgBr 184 5 46-7 

Ph-NH*I 184 5 2-4 * 

Ph-NHjBr 198 6J 6-3 

(Ph*NH8)3P04 198 5| 91-3 

(Ph-NH8)aS04 240 5 30 0 


♦ Tertiary base 18*6%. 

remarkable but is in agreement with a recorded observation that the direct action between 
alcohols and aniline is catalysed by iodides (Brit. Pat, 146,743). 

Complexes of aniline with metallic salts can also be ethylated by a similar procedure, but the 
reaction does not take place as readily as with the anilinium salts : 


Complex. Temp. Time, hours. Primary base in product, %. 

CdS04,2Ph-NH8 240° 5 69-8 

ZnS04,2Ph«NH2 240 5 80*3 

ZnCl4,2Ph-NH, 240 6 56*2 

ZnBr*,2PH-NH. 240 6 41-8 

NiCl8,2Ph*NHa 240 6 90-3 
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It is evident that both cations and anions have an influence on the rate of alkylation. 

The addition of sodium halides to reaction mixtures containing anilinium halides generally 
increased the rate of alkylation : 


Anilinium salt. 

Added salt. 

Temp. 

Time, hours. 

Primary base in product, %. 

Ph-NHaCl 

.. NaCl (1 mol.) 

184° 

6 

44- 1 

Ph-NH^Cl 

.. NaCl (2 mols.) 

184 

5 

27-4 

Ph‘NH3Br 

NaBr (1 mol.) 

183 

5 

43-6 

Ph-NHjBr 

,. NaBr (1-6 mols.) 

184 

6 

34-3 


Some experiments on the w-butylation of aniline hydrochloride were made in which the 
different sodium halides were used as catalysts : 

Composition of basic product : 

Na halide per mol. of Ph-NHjCl. Temp. Time, hours. Primary, %. Secondary, %. Tertiary, %. 


NaCl (J mol.) 198° 16 65-1 34-9 — 

NaBr (1 mol.) 198 10 43-3 48-7 8-0 

Nal (1 mol.) 198 10 3-3 64 0 32-7 


The following routine was adopted for isolating and examining the products from all experiments. 
The reaction mixture was mixed with a concentrated solution of sodium hydroxide and steam-distilled 
until no further oil came over. The distillate was extracted thoroughly with ether, and the ethereal 
solution dried with sodium sulphate. After removal of the ether the bases were distilled. If the distil* 
lation temperature indicated that no high-boiling fraction was present, the absence of important 
amounts of tertiary amine was assumed and no attempt was made to estimate it. Aniline in the product 
was determined by taking advantage of the fact that it forms a stable complex CdCl 2 ,Ph*NlIj precipitated 
when it is shaken with a saturated aqueous solution of cadmium chloride. The secondary and tertiary 
bases do not form water-stable complexes with cadmium chloride. For the actual estimation about 
1 g. of the mixed bases was weighed in a 25-ml. graduated flask and 20 ml. of light petroleum (b. p. 
40^60°) added with just sufficient 1 : 4-dioxan to form a homogeneous solution. The volume was then 
made up to 26 ml. with more light petroleum. Then 2 ml. of this solution, or more if the aniline content 
was low, were run into a small separating funnel and shaken with 3 ml. of saturated cadmium chloride 
solution. The white complex salt was immediately precipitated together with some cadmium chloride. 
Generally, most of the precipitate adhered to the wall of the funnel. The liquid was run off through a 
fritted-glass filter, and the precipitate remaining, partly in the funnel and partly on the filter, was washed 
with a little light petroleum. The precipitate was then dissolved in 10% hydrochloric acid and titrated 
with standard bromide -bromate solution and thiosulphate, and the result calculated as aniline. 
When the preliminary distillation showed the presence of much tertiary amine the above procedure 
was supplemented by an acetylation of the total bases with a known weight of acetic anhydride and 
determination of the amount unused after half an hour by decomposition with water and titration with 
alkali. 

(2) The Vapour-phase M ethylation of '^-Methylaniline by Methanol in the Presence of an 
Alumina Catalyst. — ^Mailhe and de Godon (Compt. rend., 1918, 166, 467, 664; 1920, 171, 1164; 
1921, 172, 1417) successfully alkylated aromatic amines by passing the mixed vapour of the 
amine and the requisite alcohol over a heated alumina catalyst. The reaction was further 
studied by Schujkin, Balandin, and others (/. Gen. Chem. Russ., 1934, 4, 1444; J. Physical 
Chem., 1935, 39, 1192), especially in respect of the effect of other oxides in admixture with the 
catalyst. In general, the other oxides diminished the activity of the catalyst, but were 
sometimes beneficial in inhibiting side reactions. 

The large-scale manufacture of alkylated anilines by vapour-phase catalytic methods was 
successfully practised during the war. With suitably chosen catalysts, much lower temperatures 
than those specified by the above-mentioned workers (350 — 400°) were effective in bringing 
about a high degree of alkylation. It was, therefore, of interest to study the reaction more 
closely and especially to search for promoters which would increase the activity of the catalyst. 
To enable large numbers of experiments to be performed in reasonable time, their scale was kept 
as small as possible. The methods used for the analysis of the products were chosen for their 
rapidity and reproducibility rather than for their absolute accuracy. The experiments here 
described w'ere exploratory and only roughly quantitative and were intended to give the pre- 
liminary information needed for planning more strictly quantitative work on the reaction. 
However, they themselves led to definite and interesting conclusions, which justify their 
description at this stage. 

The apparatus used was simple. The liquid mixture of alcohol and amine (with any miscible 
promoting agent, if used) was placed in a feed chamber terminating in a capillary which projected 
well into the catalyst tube. A finely adjustable pressure of nitrogen was maintained above ^e reaction 
mixture to regulate its speed of introduction, end a by-pass also admitted a regulated stream of nitrogen 
into the catalyst tube. The tube itself was 36 cm. long and 13 mm. in diameter and terminated in a beak 
to facilitate the collection of the products in a small flask. The temperature of the catalyst was, 
observed by means of a thermometer immersed in it. The tube was heated in an electric furnace. 
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To avoid unnecessary complications in the analysis of the products, attention was concentrated on the 
second stage of the methylation of aniline, namely, the conversion of JV-methyl- into iV^iST-dimethyl- 
aniline. Accompanying this reaction there is also some nuclear alkylation, the amount of which varies 
considerably according to the catalyst and experimental conditions used. The principal nuclear alkyh 
ation product to be expected is iST-methyl-^-toluidine because it is known that in the large-scale methyl- 
ation and ethylation of aniline the nuclear by-products consist mainly of iV-methyl-^-toluidine and 
JVI^-diethylaniline respectively [private communication from F. Kaufler and (Miss) J. Fildes]. A 
rapid, approximate method of determining the amounts of iV-methylaniline, lV-methyl-/)-toluidine, and 
JVhr-dimethylaniline in the presence of one another depends on a combination of acetylation and 
refractive-index measurement. The secondary bases can be determined by quantitative acetylation, 
and the sum of iV-methyl-/>-toluidine and NJV-dimethylaniline by measurement of the refractivity of the 
mixed bases. The refractive indices of the three bases are : i\7-methylaniline, 1-6714; JVJV-di- 
methylaniline, 1*6687; IV-methyl-^-toluidine, 1-5582. 

The catalytic activity of alumina, it is well known, varies greatly with the method of preparation. 
For these experiments, with a few exceptions specifically mentioned, the catalyst was made by 
decomposing aluminium w-butoxide with water, and drying and heating the product at 400° for 2 hours. 
It was then broken up and sifted, the fraction passing a 10-mesh and retained by a 20-mesh sieve being 
used. The weight of catalyst used for each experiment was 3 g., occupying approximately 10 c.c. 

When the effect of a promoter in the catalyst itself was being examined, a quantity equivalent to 
0-5 g. of sodium iodide was dissolved in methanol or aqueous methanol and mixed with 3 g. of the alumina, 
the solvent being then removed by heating on a water-bath. 

For each of the experiments tabulated below, a reaction mixture containing 2 g. of iV-methylaniline 
and 0-6 g. of methanol was introduced during 3J hours into the catalyst tube, heated at 260° unless other- 
wise specifically mentioned. 

In view of the accelerating effect of iodides in the alkylation of aniline salts by aluminium alkoxides 
mentioned above, a series of experiments were made using iodine or iodides in the reaction mixture. 
The percentage of acetylatable bases in the product was determined and calculated as monomethylaniline. 
The same charge of catalyst was used for the whole series of 11 experiments. 


Amt. of iodine or Acetylatable bases expressed Amt. of iodine or Acetylatable bases expressed 

? J J _ _ J J _ » _ _ TkT-r T-r-il •» K r\J • 1 ? J ^ ^ J J J XTT T TA-L H T _ O/ 


iodide added. 

as NHPhMe, %. 

iodide added. 

as NHPhMe, %. 

(None) 

73-0 

None 

59-0 

0-5% CH3I 

67-6 

None 

64-0 

0-9% CHjI 

67-2 

None 

700 

1-0% NHjPhMel 

46-6 

i%i 

66-5 

1*5% NHaPhMel 

None 

46-5 

62-0 

49-3 

These results show that iodine and iodides have a strongly accelerating effect on the reaction 
and that the effect is retained by the catalyst for some time. 

When iV^-methylanilinium chloride is added to the reaction mixture there is not a marked 

increase in iV-alkylation but a certain amount of nuclear alkylation takes place. The catalyst 

in this group of experiments was that used on 
aniline. 

NHPhMe in product, %, 

the manufacturing scale for the methylation of 

Acetylatable bases, %, Diff. due to nuclear 

NHjPhMeCl added, %. 

from refractivity. 

calc, as NHPhMe. 

alkylation. 

None 

43 

42 

- 1 

None 

42 

43 

1 

None 

45 

49 

4 

5% 

38 

43 

5 

None 

25 

40 

15 

None 

31 

43 

12 

None 

38 

44 

6 

None 

38 

45 

7 

2i% 

38 

44 

6 

2i% 

2f% 

39 

41 

2 

38 

53 

15 

None 

38 

47 

9 

None 

37 

43 

0 

None 

43 

42 

-1 


It is clear from the above two series of experiments that a lag must be expected when a 
promoter is introduced with the reaction mixture, the promoted catalyst not showing its full 
activity for some time. The second series also shows what degree of accuracy is to be expected 
from the method described for estimation of nuclear alkylation. 

A third series of experiments shows the effect of adding to the catalyst itself various salts 
which might be expected to have some effect in increasing the activity of the catalyst or in 
promoting nuclear alkylation, Each group of four experiments, three at 260° and one at 290°, 
was done with one charge of catalyst, a fresh charge being then introduced for the next 
group. 
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Knott : Reactions of 


Acetyl- 

NHPhMe, atable Diff. 

%, from bases, (nuclear 



Salt 

— 

refrac- 

%» as 

alkyl- 

Temp. 

added. 

tivity. 

NHPhMe, 

ation) 

250° 

None 

34-2 

38-0 

3*8 

260 

None 

38-9 

45*3 

6*4 

250 

None 

41-2 

41*9 

0*7 

290 

None 

10-4 

19-4 

3*0 

250 

NaCl 

32-7 

27-6 

- 5*1 

250 

NaCl 

32-7 

31-8 

- 0-9 

250 

NaCl 

33-5 

351 

1*6 

290 

NaCl 

150 

300 

150 

250 

NaBr 

10-4 

10-2 

~ 0*2 

250 

NaBr 

118 

21-2 

9*4 

250 

NaBr 

10-3 

21-4 

IM 

290 

NaBr 

()-6 

68-4 

57*8 

250 

Nal 

17*7 

15*6 

~ 21 

250 

Nal 

17*7 

17*9 

0*2 

250 

Nal 

13*3 

11-7 

- P6 

290 

.Naf 

4-5 

65- 1 

60-6 

250 

NiCdg 

13-4 

16*7 

3*3 

250 

NiCIa 

16*6 

22*2 

6*6 

260 

NiCla 

22-6 

26*3 

3*8 

290 

NiCla 

14-0 

66*0 

42*0 

250 

CuCL 

11*2 

43*3 

32*1 


Temp. 

Salt 

added. 

NHPhMe, 

from 

refrac- 

tivity. 

Acetyl- 

atable 

bases, 

%. as 
NHPhMe. 

Diff. 

(nuclear 

alkyl- 

ation). 

250° 

CoCIa 

10*3 

13*1 

2*8 

250 

CoCla 

9*9 

190 

9*1 

260 

CoCla 

7*5 

23*6 

16*1 

290 

CoClj 

17*9 

70*9 

53*0 

250 

MnClj 

10*4 

IM 

0*7 

250 

MnCla 

6*8 

20*4 

13*6 

250 

MnCla 

9*0 

25*2 

16*2 

290 

MnCla 

0*0 

60*6 

60*6 

250 

ZnClg 

19*5 

21*9 

2*4 

250 

ZnClg 

18*0 

— 

— 

250 

ZnCla 

10*4 

35*6 

26*1 

290 

ZnCla 

6*8 

7M 

64*3 

250 

CdCla 

9*8 

13*0 

3*2 

260 

CdCla 

3*5 

23*8 

20*3 

260 

CdClj 

0*6 

41*3 

40*8 

290 

CdClg 

42*0 

71-4 , 

29*4 

250 

FeCla 

4*5 

26*0 

20*6 

260 

FcCla 

16*0 

43*7 

28*7 

260 

FeCla 

16*4 

40*5 

24*1 

290 

FeCla 

16*6 

68*2 

42*6 

250 

SnCl, 

9*0 

21*8 

22*8 


Although the figures in the above table show certain obvious irregularities, and minor 
variations in the values in cols. 3 and 5 cannot be regarded as having any real significance, yet 
there are major trends which lead to useful conclusions. All the salts used, except sodium 
chloride, increased the activity of the catalyst at 250*^. Raising the temperature from 250® to 
290® increased the rate of allcylation with pure alumina and when sodium halides, manganese 
chloride, or zinc chloride was present ; but cobalt and cadmium chlorides definitely depressed 
the rate of alkylation at the higher temperature. Whilst with pure alumina there is no significant 
amount of nuclear alkylation even at 290®, yet most of the added salts promoted nuclear alkylation 
at that temperature and sometimes at 250° also. 

The practical experience gained with the simple apparatus showed clearly that for a 
quantitative study of the kinetics of the alkylation reaction it would require much modification. 
This work has been undertaken and will be described in a later paper. 


The authors’ thanks are due for the award of a Commonwealth Government Scholarship to one of them 
(N. G. H.). 

The University, Sydney, N.S.W. [Received, October llth, 1946.] 


185. Reactions of Alkylisoformanilides. Part III. With Phenols. 

By Edward B. Knott. 

Ethylii'oformanilide will react with polycyclic j)lienols containing a free, active o- or 
^“position to form hydroxyanils. Phenol does not react, but various substituted monocyclic 
phenols showed slight activity. The reagent may be formed in situ by using mixtures of ethyl 
orthoformatc and aniline or diphenylformamidine. Replacement of the aniline by other 
aromatic amines leads to analogues. The reaction may be used as a qualitative test for reactive 
phenols since all the anils are highly coloured. 

In Parts I and II (/., 1945, 686 : J., 1946, 120) of this series the activity of alkylfsoformanilides 
towards substances containing reactive or ionisable hydrogen has been described. It was of 
interest to determine the reactivity of these reagents towards polycyclic phenols, since the 
latter contain both ionisable and reactive hydrogen atoms. 

Although phenol did not react with ethylisoformanilide at temperatures up to 220°, the 
naphthols showed considerable reactivity even in boiling ethanol, and particularly at 
temperatures above 100°. The product from p-naphthol, an intensely yellow compound, was 
homogeneous, and was 2-hydroxy- 1-naphthaldehyde anil (I) . The orange solid from «-naphthol 
appeared to be a mixture of anils. The naphthols function therefore like substances containing 
a reactive methyl or methylene group, and the reaction is not dissimilar to the coupling with 
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diazonium salts. A variety of phenols were then heated with the reagent, the formation of 
colour being taken as an indication of reaction. Amongst the monocyclic phenols, the cresols 
and poly hydroxy benzenes all gave yellow colours but no products were isolated. Polycyclic 
phenols with active o- or ^-positions gave colours varying from yellow to red. Substances of 
this type not containing an active hydrogen in the o- or ^-position, such as l-bromo-2-naphthol, 


CHINPh CHINPh OH 



8-hydroxyquinoline, 4'-hydroxy-2 : 3'-dimethylnaphtha-l' : 2' : 4 : 5-thiazole, or 2-acetyl- 1- 
naphthol, did not give any colour. Two other anils were isolated, viz., -hy dr oxy -2-methyl- 
naphtha-V : 2' ; 4 : h-thiazole-^' -aldehyde anil (II) and ^-hy dr oxy-\^-anthr aldehyde anil (III). 
The latter gave an intense red solution in aqueous sodium hydroxide. Its solution in acetic 
acid developed a similar intense red colour on the addition of concentrated hydrochloric acid, 
the colour fading rapidly as hydrolysis to the aldehyde occurred. The aldehyde differed in 
m. p. from that given in F.P. 648,069 for the product obtained from 9-hydroxyanthracene 
formomethylanilide and phosphorus oxychloride; but since in no case was reaction observed 
where both o- and ^-positions were blocked, it is most likely that the aldehyde group in the 
present substance was introduced into the 10-position. Somewhat lower yields of anil may be 
obtained by the formation of the reagent in situ. This can be achieved (cf. Claisen, Annalen, 
1895, 287, 365) by fusing the phenol with mixtures of aniline or diphenylformamidine and ethyl 
orthoformate. Other aromatic amines may replace the aniline to give analogues. 


Substance. Colour. 

Phenol None 

m-Cresol Yellow 

0 - and ^-Cresol Faint yellow 

Resorcinol YelJow 

Adrenalin Red 

0- Hydroxybenzylidene acetone Yellow 

2 : 6-Dihydroxydiphenyl Orange-yellow 

j3-Naphthol Yellow 

a-Naphthol Orange 

1 : 5-Dihydroxynaphthalene ,, 

1 -Bromo- 2-hydroxy-naphthalene N one 

1- Hydroxy-2-acetylnaphthalene ,, 

l-Hydroxy-4-phenylnaphthalene Yellow 

1- Hydroxy-4-furylnaphthalene-3-carboxylic acid ,, 

9-Hydroxyanthracene Orange-red 

4-Hydroxy-7-phenylcoumarone-6-carboxylic acid Yellow 

8-Hydroxy quinoline N one 

2- Araino-6-hydroxypyridine sulphate Orange 

Aesculin , , 

2-Hydroxy-3 : 4-benzfluorene Red 

4'-Hydroxy-2-methylnaphtha-l' : 2' ; 4 : 5-thiazole Orange-red 

2-Acetamido-4'-hydroxynaphtha-l' : 2' : 4 : 5-selenazole Red 

4'-Hydroxy-2 : 3'-dimethylnaphtha-l' : 2' : 4 : 5-thiazole None 

4'-Hydroxy-2-methylphenanthra-l' : 2' : 4 : 6-thiazole Red 

l'-Hydroxy-2-methylphenanthra-4' : 3' : 4 : 5-thiazole ,, 

4'-Hydroxy-2-methylthionaphtheno-7' : 6' : 4 : 5-thiazole Orange 


The reaction may be used as a sensitive test for many phenols since the reaction products are 
highly coloured. The table indicates the colours obtained on boiling a small quantity of the 
phenol with an excess of reagent in a test-tube over a free flame. 

Experimental. 

(Microanalyses are by Drs. Weiler and Strauss, Oxford; m. p.’s uncorrected.) 

2-HydYOxy-\-fnaphthaldehyde Anil (I). — (a) j8-Naphthol (14*4 g.; OT mol.) and ethyh'5oformanilide 
(14-9 g. ; 0*1 mol.) were fused at 160° for 30 minutes, by which time the evolution of ethyl alcohol had 
ceased. Methyl alcohol (5 c.c.) was added to the melt. The yellow solid (17-0 g., 81%) crystallised as 
glossy needles, m. p. 92°, with an intense green fluorescence to ultra-violet light, when the methyl alcoholic 
solution was chilled, or shiny plates, m. p. 92°, with no fluorescence in ultra-violet light, if the same 
solution were allowed to cool (Found: C, 82*3; H, 5*4; N, 5-76. Calc, for C17H13ON : C, 82*55; H, 
6*3; N, 5*65%). 

3s 
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Note. 


(b) jS-Naphthol (2-88 g. ; 0 02 mol.), diphenylformamidine (2 92 g. ; 0*02 mol.), and ethyl 

orthoformate (2*96 g. ; 0 02 mol.) were fused at 150® for 60 minutes. After cooling, light petroleum was 
added and the whole shaken until the melt had solidified. From methyl alcohol (10 c.c.), 2*26 g. (46%) 
of the anil were obtained. If the ethyl orthoformate is omitted a yellow colour develops but the yield of 
anil is very low. 

2-HydYoxy-\-naphthaldehyde ethoxy anil, — j5-Naphthol (5*96 g. ; 004 mol.), ethyl orthoformate (6*92 

g. ; 0 04 mol.), and /^-anisidine (4*92 g. ; 0*04 mol.) were fused at 146® for 60 minutes. The melt gave a 
crystalline solid on addition of methyl alcohol. From the same solvent it formed bright yellow needles, 
m. p. Ill®, in 65% yield (Found : N, 6-1. CigHuOgN requires N, 5*05%). 

^-Hydroxy-Mhanthraldehydc Anil (III). — 9-Hydroxyanthracene (3*84 g. ; 0*02 mol.) and ethylise- 
formanilide (3 g. ; 0-02 mol.) were fused at 180® for 60 minutes. Ethyl alcohol (10 c.c.) was added to the 
red melt, and the orange-red crystalline solid (4-9 g., 82-5%) was collected and washed with alcohol. It 
formed garnet red crystals, m. p. 204®, from acetic acid (Found : N, 4-95. CgiHjjON requires N, 4*7%). 
^-Hydroxyanthracene-Mhaldehyde. The anil (2 g.) was dissolved in boiling acetic acid (20 c.c.), and 
concentrated hydrochloric acid (4 c.c.) added. The intense red colour so formed slowly faded as the 
aldehyde crystallised. It formed flat, creamy needles, m. p. 230"^ onwards, from benzene (Found : C, 
81-3; H.4-4. C^allioO^ requires C, 81-05 ; H. 4-55%). 

4t' -H ydroxy~2-methylnaphtha~y : 2' : 4 : ^-thiazole-^' -aldehyde A nil (IT). — 4'-Hydroxy-2-methylnaphtha- 
1' : 2' ’. 4 : o-thia/.ole (10*75 g. ; 0*05 mol.) and cthylisoformanilide (14*9 g. ; 0*1 mol.) were fused at 170° 
for 60 minutes. On cooling, the orange melt solidified. It was ground with alcohol and well washed with 
the same solvent. It formed orange needles (13*2 g. — 86% yield), m. p. 228®, from benzene (Found : 
N, 8-5 ; S, 9*8. Cj 9 Hi 4 |OFl 2 ^ requires N, 8-8; S, 9-76%). The aldehyde was obtained by dissolving the 
anil (2 g.) in dioxan (30 c.c.), adding concentrated hydrochloric acid (10 c.c.) and water (10 c.c.), and 
heating for 30 minutes on the steam-bath. The solid was dissolved in an excess of 2N-sodium carbonate, 
filtered from little unhydrolysed anil, and the yellow solution acidified. From ethyl alcohol it formed 
yellow-green needles, m. p. 160® (Found : S, 13*1. CiaH/IgKS requires S, 13*2%). 

Kon.vK Limited, Wealpstone, Middlesex. . [Received, September 1946.] 
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Infra-red Spectrum and Strucimal Diagnosis : Substituted Carbazoles, By R. E. Richards. 

This note describes an example, not only of the value to the organic chemist of infra-red measurements in 
structural diagnosis, but also of an experimental method developed in this laboratory for measuring the 
spectra of very small amounts of material, A sample was received for examination which had been 
formed by degradation of a substance of which the structure was not completely known. The specimen 
was a crystalline solid, only 1*5 mg. being available, and was suspected to be a mixture of carbazole and 
one or more of its methyl detivatives. It was required to determine which methyl derivatives were present 
and approximately in what proportions. 

The experimental method had been mentioned by early workers (see also Thompson, 1944, 191), 
but had not been widely used until it was developed in this laboratory in connection with recent studies 
on penicillin. 


The specimen is ground to a very fine powder in a small glass or agate mortar. A suitable glass mortar 
can easily be made by rounding off a short piece of narrow glass tubing, and a piece of well-fitting glass 

rod with rounded «nd is nepH • n einall 1 • - .L-L 



J ^ „ 1 . t , . . , "J wx uxxc ijnnct-icu. IclUiiXLlOU, 

obtained. Tne paraffin has strong absorption bands at about 720, 1375, 
1460, 28u0, 29*-6 cm. , but in all other regions of the spectrum it shows no appreciable absorption 
except m very thick layers. When the spectrum has been measured, a large proportion of the sample 
can be recovered by extraction with a suitable solvent or by washing away the paraffin with a solvent 
which does not dissolve tlie specimen. ^ ^ 

This method is often preferable to the alternative procedure of measuring the spectrum in solution • 
It IS very simple, quick, and requires little of the sample. If it is desired to study such a small quantity 
of a specimen m solution, arrangements must be made to recover it from the solution in the absorption 
cell, and this r^mres a rather elaborate technique. This may, however, be essential, since more than one 
solvent must be used in order to cover the whole range of the infra-red spectrum, no single solvent being 
available which is completely transparent over the whole spectral range 1—14 u Such difficulties 
imply that m many cases the measurements in solution are impossible. In some circumstances it is 
useful to study the whole range of the spectrum of the solid as above, then to recover the sample and to 
study some particularly interesting region in a suitable solvent which is transparent in that particular 
range. ^ 

■ The jpectrometer used in this problem was a single-beam recording instrument, using a rock-salt 
prism (Whiffen and Thompson, 1945, 268), , 6 «• 

Results.-^rhe figure shows the spectrum, over the range 730—930 cm.-i, of the unknown mixture 
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together with the spectra of pure samples of carbazole and 1-, 2-, 3-, and 4-inethylcarbazoles, obtained 
by the same method. Key bands are emphasised by the vertical lines. The presence of carbazole in the 
mixture is confirmed by the complete correspondence between the bands in the pure specimen and 
similar bands in the mixture. The complete absence of bands at either 790 or 782 cm.”‘ indicates the 
absence of 1- and 4-methylcarbazoles, whereas the band in the mixture at 808 cm.“^ exactly corresponds 
to the strong key band of S-methylcarbazole at this frequency — its weaker band at 886 cm.”^ is lost between 
the strong bands of carbazole itself at 866 and 916 cm.~^. The strong key bands of 2>methylcarbazole 
lie rather close to those of 3-methylcarbazole and make it impossible to establish the complete absence 
of the former, although if it is present, it can only be in very small amounts, for not a trace of the band at 
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767 cm.“^ appears in the mixture, and the band at 808 cm.”“^ is not broadened noticeably towards 813 cm.“^. 
It was therefore concluded that the unknown mixture contained mostly carbazole and 3-methylcarbazole. 
Comparison of the original spectrum with mixtures made from the pure materials shows that the unknown 
mixture contained between 5% and 12% of 3-methylcarbazole. A closer estimate of the relative 
proportions was not justifiable owing to the unknown differences in thickness and homogeneity of the 
different solid samples studied, but if larger amounts of material were available, solutions could be made 
up and compared with solutions of either the pure components or known match mixtures, so as to obtain 
a far more exact quantitative estimate. 

I should like to thank Mr. K. H. Pausacker, who prepared the pure materials used in this investigation, 
and the Department of Scientific and Industrial Research for a maintenance grant. — The Physical 
Chemistry Laboratory, South Parks Road, Oxford. [Received, October 24th, 1946.] 
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980 Baxter, Guichard, HdnigschnUdt, and Whytlaw-Gray : 

TwdfOi Report of Oie Committee on Atomic Weights of ^e InterruiUonal 

Union of Chemistry. 

By G. P. Baxter (Chairman), M. Gxjichard, O. Honigschmid. and R. Whytlaw-Gray. 

Owing to delays in communication it was impossible for the Committee to publish a report in 
1942. The following report therefore covers the two-yejv period from September 30, 1940, to 
September 30, 1942. No changes have been made in the table, although the new values for 
samarium and ytterbium appear to be more reliable than those given in the table. 

Carlow.— -Murphy and Nier (Physical Rev., 1941, 59, 771) have determined with a mass 
spectrometer the abundance ratio of i*C to 1®C in carbon from different sources to fall between 
88*8 and 93 1, corresponding to the values 12*0117 and 12*0112 for the atomic weight of carbon. 
Both values support the existing chemical evidence that the atomic weight of carbon is very 
close to 12*01. 

Oxygen. — Murphy (ibid., p. 320) with a mass spectrometer finds the abundance ratio of 
to that of to be 600 i 16 to 1. This confirms the value of Smythe, 603 ± 10, and the 
conversion factor 1*000275. 

Fluorine. — Hutchison and Johnston (/. Amer. Chem. Soc., 1941, 63, 1680) have computed 
the atomic weight of fluorine from density and AT-ray data of lithium fluoride and calcite, using 
the equation 

LiF = ^ 

X 9oalclte J 

where ^calcite denotes the volume of a calcite cleavage rhombohedron for which the distance 
between opposite faces is unity and R denotes the ratio between the true grating spaces for 
lithium fluoride and calcite. 

The following data (20°) : 

dur 2-64030 g./c.c. Ca 40-076 

rfoaioiut 2-71030 g./c.c. Li 6-939 

1*09694 C 12-010 

R 0*663046 

yield 18*994 for fluorine. If the atomic weight of calcium found by Honigschmid and Kempter, 
40*085, is used, fluorine becomes 18*996. 

Zinc . — Honigschmid and v. Mack (Z. anorg. Chem., 1941, 246, 363) have compared zinc 
chloride with silver. The zinc chloride was prepared by the action of hydrogen chloride on 
metal which had been purified by distillation in high vacuum and had been found by Gerlach 
by optical spectroscopy to be free from all metallic impurities. Further purification by two 
distillations in hydrogen chloride followed. Comparison of weighed quantities of the chloride 
with eciuivalent weights of silver was made by the conventional nephelometric method and the 
resulting silver chloride also was weighed. Weights are corrected to vacuum. 


The Atomic Weight of Zinc, 


Preliminary Series. 


Wt. of 

ZnCl„ g. 

wt. of 
Ag, g. 

ZnCls : 2Ag. 

At. wt. 
of Zn. 

wt. of 
AgCl, g. 

ZnCl, : 2AgCl. 

At. wt. 
of Zn. 

2-26845 

3-59116 

0-631676 

66-377 

4-77125 

0-476411 

66-383 

2-62763 

4-16980 

0-631672 

65-376 

6-62705 

0-476413 

66-374 

4-62252 

7-31790 

0-631673 

66-376 

9-72300 

0-476421 

66-377 

1-94421 

3-07788 

0-631672 

66-376 

4-08936 

0-476431 

65-380 

3-81948 

6-04656 

0-631679 

65-377 

8-03341 

0-475449 

66-385 

1-78161 

2-82023 

0-631600 

66-379 

3-74741 

•0476398 

66-370 

1-94043 

3-07193 

0-631666 

65-374 

4-08179 

0-476387 

65-367 

2-31880 

3-67098 

0-631667 

66-372 

4-87719 

0-476430 

66-382 

Average 


0-631673 

65-376 

— 

0:476422 

66-377 

2-08378 

3-29876 

0-631692 

Final Series. 
66-380 

4-38304 

0-475419 

65-376 

2-39497 

3-79141 

0-631684 

66-378 

5-03743 

0-476436 

65-391 

3-26467 

5-15229 

0-631675 

66-376 





2-33816 

3-70161 

0-631678 

66-377 

4-91803 

0-476426 

65-378 

2-23678 

3-63961 

0-631664 

66-874 

4-70270 

0-476426 

66-378 

2-64724 

4-03246 

0-631686 

66-379 

5-36790 

0-475418 

66-376 

2-32850 

3-68614 

0-631691 

66-380 

4-89779 

0-476418 

66-376 

2-03634 

3-22369 

0-631680 

66-377 

4-28307 

0-476439 

66-382 

Average 

0*631681 

66-378 

— 

0-475426 

65-378 
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The average of all the experiments, 65*377, confirms the present value in the International 
Table, 66*38, but is 0*06 unit higher than that calculated from mass spectroscopic data, 66*33. 

Molybdenum . — In the tenth report of the Committee the mean mass number as computed by 
Aston, 06*03, was stated to be in error. This statement is incorrect, and was due to an oversight 
of the fact that the summation of the percentages of the isotopes as given by Aston is 99*9 
instead of 100. With the packing fraction — 6*0 x lO*^ and the conversion factor 1*000276 the 
atomic weight of molybdenum obtained from Aston’s mean mass number is 96*96. A more 
recent determination of the abimdance ratios by Valley (Physical Rev., 1940, 67, 946) yields 
96*00 and 96*92 as the mean mass number and atomic weight respectively, while Honigschmid 
and Wittner by analysis of the pentachloride found 96*96. 

Samarium . — Honigschmid and Hirschbold- Wittner (Z. physikal. Chem., 1941, 189, A, 38) 
have analysed anhydrous samarium trichloride. The samarium material had been purified by 
Feit and shown by Noddack by A'-ray analysis to be of atomic weight purity. Further 
purification consisted of double precipitation of the oxalate followed by ignition to oxide in 
each case and crystallisation of the chloride from solution saturated with hydrogen chloride at 
ice temperature. The chloride was dehydrated by heating in a current of dry hydrogen chloride 
at gradually increasing temperatures, finally at 460®. Fusion was avoided since it was found 
experimentally that dissociation occurs at temperatures above the melting point. After being 
weighed, the chloride was dissolved and compared with a nearly equivalent weight of pure silver 
by the usual nephelometric method and the silver chloride was collected and weighed. Weights 
are corrected to vacuum. 

The Atomic Weight of Samarium. 

SmCla fused in HCl. 


Wt. of 

Wt. of 


At. wt. 

Wt. of 


At. wt. 

SmCls, g. 

Ag. g. 

SmClj : 3Ag. 

of Sm. 

AgCl, g. 

SmClj : 3AgCl. 

of Sm. 

3*27893 

4*13279 

0*79339 

150*403 

6*49102 

0*69716 

150*408 



SinCl3 

dried at 450® 

in HCl. 



3*08886 





— 

6*17381 

0*69702 

160*364 

2*96740 

3*74054 

0*79331 

150*376 

4*96976 

0*69709 

150*386 

3*87834 

4*88888 

0*79330 

160*372 

6*49574 

0*69706 

150*371 

3*37089 

4*24914 

0*79331 

160*376 

5*64562 

0*69708 

160*380 

4*40134 

6*64798 

0*79332 

150*380 

7*37129 

0*59709 

160*386 

Average 


.. 0*79331 

160*376 

— 

0*69708 

160*375 


The average of all determinations, 160*38, is 0*05 unit lower than the present international 
value, 160*43, which depends on analyses of fused chloride by Stewart and James (/. Amer. 
Chem. Soc., 1917, 39, 2606) and Owens, Balke and Kremers (ibid., 1920, 42, 616). Although no 
change in the table is made at the present time, the new higher value seems to be a more reliable 
one. 

Gadolinium . — Wahl (Soc. Sci, Fennica, Commentationes Phys.-Math., 1941, II, 8, 1) finds 
the isotopic constitution of gadolinium to be as follows : 


Mass 162 154 156 166 167 168 160 

Per cent 0*2 2-86 16*61 20*69 16*42 23*46 20*87 


These figures lead to the atomic weight 167*18 if the packing fraction ~ 1*6 x 10-^ 
is employed. 

Ytterbium . — Honigschmid and Hirschbold-Wittner (Z. anorg. Chem., 1941, 248, 72) have 
compared anhydrous ytterbium trichloride with silver. The starting material had been 
prepared by v. Bruckl by repeated electrolytic reduction and when subjected to A-ray analysis 
by Noddack was found to contain no other rare earths except lutecium, and this element only 
to the extent of 0*04%. The effect of this impurity would be to raise the atomic weight by only 
0*001 unit. After repeated precipitation as hydroxide and oxalate, with intermediate ignition 
to oxide, the chloride was prepared and crystallised from a solution saturated with hydrogen 
chloride at 0®. Dehydration in preparation for weighing was effected by heating in a current 
of dry hydrogen chloride at gradually increasing temperatures up to 460®. Fusion was avoided 
since Hdnigschmid had already found dissociation of the salt to occur above the melting point. 
Comparison with silver was effected in the usual way with the help of a nephelometer and the 
resulting silver chloride was collected and weighed. Weights are corrected to vacuum. 
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The Atomic Weight of Ytimfbium. 


Wtof 

Yba„ g. 

Wt.of 
Ag-, g. 

Yba, : 3Ag. 

At. wt 
ofYb. 

Wt.of 
AgCl, g. 

YbCl, : SAgQ. 

At. wt. 

OfYb. 

3-87107 





5-94071 

0*649934 

178-108 

3*82762 





5*88965 

0*649889 

178-089 

4*12899 

4*78127 

0*863676 

178-117 

6-35269 

0*649959 

173*119 

2*68325 

2-99167 

0*863510 

173*095 

3-97473 

0-649918 

173*101 

2*66672 

3-08799 

0*863678 

173*117 

4-10299 

0-649946 

173-113 

2*58988 

2*99916 

0*863635 

173104 

3*98478 

0*649943 

178-112 

2*06819 

2*39519 

0*863476 

173*085 

— 

— 

— 

2*42097 

2*80349 

0*863556 

173*100 

3-72496 

0*649934 

173*108 

2*08411 

2*41356 

0-863500 

173*092 

3*20680 

0*649904 

173*096 

1*72464 

1*99732 

0*863477 

173*086 

2*66378 

0*649881 

173*085 

3*12912 

3*62361 

0*863537 

173*089 

4*81490 

0*649883 

173*086 

3*92599 

4*54636 

0*863546 

173*107 

6-04062 

0*649932 

173*107 

4-98554 

5*77369 

0-863493 

173-090 

7-67161 

0*649877 

173*083 

Average 


0*863526 

173*098 

— 

0*649916 

173*100 


The average, 173T0, is 0'06 unit higher than that found by Honigschmid and Striebel (Z. 
anorg. Chem., 1933, 212 , 386) with less pure material isolated by Prandtl. The new, higher 
value is evidently to be preferred although Wahl (Naturwiss., 1941, 29 , 636) by determination oi 
isotopic abundances obtains the lower figure. 


Mass 168 170 171 172 173 173 174 176 

Percent 0 06 4-21 14 26 21-49 17-02 17-02 29-68 13-38 



[ 1947 ] ThifteetUh Report of the Committee on Atomic Weights, etc. 983 

Thirteenth Report of the Committee on Atomic Weights of the Intemaiional 

Union of Chemistry.^ 

By G. P. Baxter (Chairman), M. Guichard, and R. Whytlaw-Gray. 

In the very regrettable death of Professor Otto Honigschmid the International Committee on 
Atomic Weights has ’suffered a great loss. Professor Honigschmid not only very activeh* 
promoted the work of the Committee but was himself responsible for a large portion of recent 
experiniental work in this held. 

Owing largely to difl&culties of communication no report of the International Committee on 
Atomic Weights has been published for some time. The twelfth report was published only in 
Germany and France but essentially the same material appeared as the Report of the Committee 
on Atomic Weights of the American Chemical Society * at about the same time as the German 
Report.® Since no changes in the Table of Atomic Weights have been made since the Eleventh 
Report of the International Committee was published in 1941 until this year, this situation can 
have caused no serious difficulty. In the Table of Atomic Weights at the end of this report 
changes have been made in the cases of sulphur and copper. Attention is called to the fact that 
the atomic weight of common lead as determined from isotopic composition varies with the 
source over a range of 0*03 — 0*04 unit. At the present time it seems unwise to try to include 
values for the new elements Nos. 93 — 96, neptunium, plutonium, curium and americium. 

Beryllium, — Johannsen {Naturwiss., 1943, 31, 692) synthesised beryllium chloride from 
beryllium oxide and carbon in a stream of chlorine and purified the product by sublimation 
without melting, first in chlorine, then in nitrogen, and finally in vacuum. The product was 
collected in sealed glass bulbs and was analysed in the usual way both by comparison with silver 
and by weighing the silver chloride, with the same resulting atomic weight 9*013 for beryllium. 
This result is somewhat lower than that found earlier by Honigschmid and Birkenbach by 
analysis of the chloride, 9*018, and agrees closely "with the mass spectroscopic value 9*0126. 

Carbon and Nitrogen. — Casado (Thesis, University of Santiago, 1943) has redetermined 
experimentally the densities of oxygen, nitrous oxide, and methyl oxide at pressures of one 
atmosphere and below, as well as the deviations from Boyle's law at low pressures. Corrections 
of weights to the vacuum standard, for the contraction of the globes at pressures below one 
atmosphere, and for gravity were made. The average values from a large number of 
determinations are given in the following table. 

Oxygen. Nitrous oxide. Methyl oxide. 


1 + A 1*00089 1*00710 1*02574 

di 1*428905 1*97747 2 108Q9 

di 1*42844 1*97308 2*08987 

di — — 2*08194 

di 1*42799 1*96848 2*07330 


If the densities plotted against the pressures are assumed to follow a straight line calculated 
by the method of least squares, the limiting densities and molecular weights are found to be as 
follows : 

Limiting densities. Mol. wt. 


Oxygen 1*42760 32*000 

Nitrous oxide ‘ 1*96380 44*019 

Methyl oxide 2*0561 46*088 


From the molecular weights of nitrous oxide and methyl oxide the atomic weights of nitrogen 
and carbon may be calculated to be 14*009 and 12*020. If the values of 1 -j- X are used together 
with the densities at one atmosphere the following results are obtained. 


di. 1 -f A. d. M. 

Oxygen 1*428905 1*00089 1*42763 32*000 

Nitrous oxide 1*97747 1*00710 1*96362 44*012 

Methyl oxide 2*10809 1*02674 2*06518 46*066 


from which the atomic weights N = 14*006 and C = 12*009 result. 

Fluorine mnd Calcium, — In a series of papers, following the first by C. A. Hutchison and 
Johnston (/. Amer, Chem, Sac,, 1941, 68, 1580), the method of calculating the atomic weights of 

^ Authors of papers bearing on the subject are requested to send copies to each of the three members 
of the Committee at the earliest possible moment : Frof. G. P. Baxter, Coolidge Laboratory, Harvard 
University, Cambridge, Mass., U.S.A. ; Prof. M. Guichard, Faculty des Sciences, Sorbonne, Paris, 
France ; ftrof. R. Whytlaw-Gray, University of Leeds, Leeds, England. 

® /. Amer. Chem. Soc„ 1943, 65. 1443. 

» Ber„ 1948, 76, 35 : Bull, Soc, chirn,, 1944, 11, 214. * 



SB4 Baxter^ Guichard, md WhyUaw-Grtey : 

ftuoiine and calcittm from density and J^-ray data has been continued by Johnston and D. A. 
Hutchison (Physical Rev., 1943, 62, 32), C. A. Hutchison {/. Physics, 1942, 10, 489), 

H. A. Hutchison (Physical Rev., 1944, 66 , 144), and D. A. Hutchison (J. Chem. Physics, 1945, 
13, 383). The atomic weights and densities used in the calculations of the last paper are as 



Atomic weights. 


Densities (20®). 

c 

12-0104 

C 

3-51640 

Li 

6-9390 

LiF 

2-64030 

Na 

22-9970 

NaCl 

2-16360 

c\ 

35-4570 

KCl 

1-98826 

K 

39-0960 

CaCOa 

2-64030 


The most reliable results as given in the last of the papers cited are as follows : 


Calcium. 


Keference substances. 

Assumed atomic weights. 

Atomic wt. of Ca. 

Calcite, NaCl 

Calcite, KCl 

Calcite, C (diamond) 

Calcite, LiF 

Na, Cl, C 

K, Cl, C 

C 

K, Cl, Li, C, Na 

40-0851 

40-0851 

40-0844 

40-0850 


Average 

40-0849 


Fluorine. 


Reference substances. 

Assumed atomic weights. 

Atomic wt. of F. 

LiF, KCl 

LiF, NaCl 

LiF, C (diamond) 

LiF, CaCO, 

K, Cl, Li 

Na, Cl, Li 

Li, C 

Na, Cl, C, Li, K 

18-9967 

18-9967 

18-9967 

18-9967 


Average 

18-9967 


The extraordinary concordance of the above results is of course dependent upon the values 
assumed in the calculation. If, for instance, the atomic weight of sodium is 22 ‘994, the most 
recent value determined by Johnson, all molecular weights depending on that of sodium chloride 
will be lowered by 0 005%, and if the atomic weight of potassium is 39*098 instead of the one 
used, values depending on potassium chloride will be raised by 0*003%. The effect of this upon 
the atomic weight of calcium in the first two instances in the above table would be — 0*005 and 
-f 0'002 unit. Because of the small molecular weight of lithium fluoride these uncertainties 
would affect the atomic weight of fluorine by only 0*001 unit. At the present time these results 
are to be considered as confirmatory rather than definitive. 

Potassium, Aluminium, Magnesium and Sodium. — Batuecas, Casado, and Alonso (Rev. Real 
Acad. Cienc. Madrid, 1944, 88, 349), using the method of Hutchison and Johnston (J. Amer. 
Chem. Soc., 1941, 63, 1680), have calculated the atomic weights of potassium, magnesium, 
aluminium, and sodium. Calcium and carbon are assumed to have the atomic weights 40*080 
and 12*010. They find 

K = 39091 Mg = 24-317 

A1 = 26-963 __ / 22-961 

122-989 

Silicon . — Ney and McQueen (Physical Rev., 1946, 69, 41) and Williams and Yuster (ibid., p. 
556) have obtained the following results for the isotopic proportions of silicon : 

Isotope 28 29 30 

Ney and McQueen 92-24 4*69 3*07 

Williams and Yuster 92-27 4-68 3-05 

If the packing fractions — 4*86 X 10^, — 4*64 x 10"** and — 6*79 x 10"* are used the 
calculated atomic weight is 28*087. This value lies midway between that found by Baxter, 
Weatherill, and Scripture, 28*063, by comparing the halides with silver, and those obtained by 
Hdnigschmid and Steinheil. 28*106, by the same method, and by Weatherill, 28"103, from the 
ratio of the tetrachloride to the dioxide. 

Sulphur . — Hdnigschmid (Ber., 1942, 75, 1814) has redetermined the ratio between silver and 
sulphur from the synthesis of silver sulphide, by essentially the method used by Hdnigschmid 
and Sachtleben (Z. anorg. Chem., 1931^ 196» 207), and with essentially the same result. Weighed 
qaantities of fused buttodos of pure silver were heated in a current of nitrogen and the vapour of 
purified sulphur, then in pure nitrogen at 250 — 300*^. Below 300^ the variations in the weight 
of sulphide ware slight. Above 300® both the weight and the appearance of the sulphide were 
attended with variations. Vacuum corrections were applied. 
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It is unfortunate that owing to decomposition above 300® the silver sulphide could not be 
fused in order to make certain of complete conversion, but the fact that repeated heating of the 
silver sulphide in sulphur vapour at the lower temperature failed to effect appreciable alteration 
t^ds to favour the view that the above difficulty was not serious. 

In the following table the weights of sulphide are the averages of the concordant observations 
when the sulphide was heated at various temperatures between 250® and 300°. 


Wt. of Ag in 

No. of heatings 

Av. wt. of AgjS 



vacuum, g. 

with S. 

in vacuum, g. 

Ag,S : Ag. 

At. wt. of S, 

22*63165 

2 

25*99501 

1*148618 

32*0668 

23*36829 

4 

26*82982 

1*148621 

32*0665 

22*64273 

1 

25*89313 

1*148621 

32*0671 

21*83830 

2 

25*08394 

1*148621 

32*0665 

21*47088 

2 

24*66194 

1*148623 

32*0669 

20*98104 

4 

24*09928 

1*148622 

32*0663 

17*36371 

6 

19*93282 

1*148620 

32*0663 

16*84347 

16 

19*34675 

1*148620 

32*0663 



Average 

1*148620 

32*0666 


Richards and Jones {/. Amer. Chem. Soc., 1907, 29, 826) from the ratio of silver sulphate to 
silver chloride found 32*069, while Scheuer (Sitzungsber. Akad. Wiss* Wien, 1914, 123, Ila, 
1004) from the ratios 2Ag : SOg : Ag 2 S 04 : 2AgCl obtained the value 32*067. On the basis of 
the above two investigations by Honigschmid, especially in view of the extraordinary 
concordance of the one reported here, there seems little doubt that the atomic weight of sulphur 
is very close to 32*066 if silver is taken as 107*880, and this value has been adopted for the table 
in place of the less precise one, 32*06. 

Potassium . — Paul and Pahl (Naturwiss., 1944, 32, 226) have determined the relative 
abundance of and in common potassium to be 13*96 i 0*1. With the packing fraction 
— 6*1 X ICt-* and the conversion factor 1*000275 the atomic weight of potassium is found to be 
39*099. This agrees closely with the average of the most recent determinations of this constant, 
39*097, ♦ In the same way a sample of potassium partially separated by ideal distillation by 
Hevesy and I^gstrup was found to have the atomic weight 39*01 1. Honigschmid and Goubeau, 
and Baxter and Alter both obtained the same value for this sample. 

Copper . — Honigschmid and Johannsen (Z. anorg. Chem., 1944, 252, 364; Naturwiss,, 1942, 
31, 548) have analysed cuprous chloride. Cupric sulphate was crystallised three times in the 
case of one sample, five times in the case of another. After electrodeposition on a platinum 
dish at 2 volts, the metal was dissolved in nitric acid and the nitrate crystallised and centrifugally 
drained. Decomposition to oxide in platinum followed. Spectroscopic examination by Dr. 
Schontag revealed no impurities. 

Conversion of the cupric oxide into cuprous chloride was carried out in the following 
operations : drying of the oxide in nitrogen at 200°, reduction in electrolytic hydrogen at 800°, 
conversion of the metal into cuprous chloride in nitrogen and chlorine mixtures, and 
resublimation of the cuprous chloride in nitrogen into a weighing tube, all in a quartz bottling 
apparatus. In the last two steps it was important to avoid a temperature above 600°. 

Analysis followed, by solution in ammonia, oxidation to the cupric state with oxygen, 
acidification with nitric acid and comparison with silver in the conventional way. 

Vacuum corrections were applied. In the following table two analyses believed by the 
authors to have been made with defective material are omitted. 


wt of CuQ 

in vacuum. 

Wt. of Ag 
in vacuum. 

Atomic Weight of Copper. 

At. wt. Wt. of AgCl 

CuCl : Ag. of Cu. in vacuum. 

CuCl : AgCl. 

At. wt. 
of Cu. 

5*62293 

6*12732 

0*917682 

63*542 

8*14097 

0*690696 

63*545 

6*27787 

6*76129 

0*917686 

63*543 

7*64158 

0*690678 

63*543 

6*08707 

6*63310 

0*917681 

63*542 

8*81308 

0*690686 

63*544 

4*84196 

5*27638 

0*917666 

63*541 

7*01062 

0*690659 

63*540 

5-93141 

6*46362 

0*917661 

63*540 

8*68810 

0-690666 

63-639 

6*74879 

6*26460 

0*917663 

63*541 

8*32345 

0*690674 

63*642 

6*83204 

6*36517 

0*917684 

63*543 

8*44382 

0*690687 

63*544 

6*54868 

7*13604 

0*917677 

63*542 

9*48162 

0*690660 

63*540 

6*21862 

6*77663 

0*917670 

63*541 

9*00373 

0*690672 

63*542 

6*03869 

6*58024 

0*917686 

63*543 

8*74323 

0*690659 

63*540 

Average 

0*917676 

63*542 

•— 

0*690673 

63*542 


* 30*096, Baxter and Alter, J. Amer. Chem. Soc., 1933, 55, 3270 ; 30*096, Hdnigschmid and Sachtleben, 
Z, anorg. Chem., 1933, 813, 366 ; 39*100, Johnson, /. Physical Chem., 1936, 89, 781 ; 39*098, Baxter and 
Harrington, J. Amer. Chem. Soc., 1940, 62, 1836 ; 39*096, Me Alpine andBird, ibid., 1941, 68, 2960. 
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BasUet, Gmckari, and Whytlaw-Gray : 

The outcome of this work, 63*542, is appreciably lower than that of Richards and his 
collaborators, 63*67, on which the International value has depended for some time, but is in 
close agreement with that obtained by Ruer (Z. anorg. Chetn., 1924, 137, 101), 63*64, by reduction 
of cupric oxide, and with a recent isotopic analysis of copper by Ewald (Z. Physik, 1944, 122, 
487) which gives the value 63*63. 

Selenium. — Honigschmid and Gomhardt (Nalufwiss.t 1944, 82, 68) prepared pure selenium 
oxychloride by distillation in high vacuum in a glass still and collected the product in sealed 
glass bulbs. Analysis by comparison with silver chloride gave 78*961, while determintion of 
the silver chloride produced 78*963 for the atomic weight of selenium. This investigation 
confirms the present International value which depends on the earlier synthesis of silver 
selenide by Honigschmid and Kapfenberger. The value calculated from the proportions of 
isotopes is 78*96 (Fliigge and Mattauch, Ber., 1943, 76, A, 1). 

Ruthenium, — Ewald (Z. Physik, 1944, 122, 491) has determined the isotopic proportions of 
ruthenium to be as follows : 


Isotopic weight 96 98 99 100 101 102 104 

Per cent 6-68 2-22 12-81 12-70 16-98 31-34 18-27 


With the packing fraction — 6*49 x 10^ and the conversion factor 1*000276 the atomic weight 
is calculated to be 101*04. Although Gleu and Rehm (Z, anorg. Chem., 1937, 285, 362) by 
analysis of the puypufe 0 ’>ch\ori 6 j^ obtained the value 101*08, the uncertainties in their 
determination make it unwise to make any change in the Atomic Weight Table at the present 
time. 

Silver, Bromine, and Potassium, — ^McAlpine and Bird (/. Amer, Chem. Soc., 1941, 63, 2960), 
by quantitative decomposition of potassium bromate, have found the ratio of potassium bromide 
to oxygen, and by comparison of the resulting potassium bromide with silver have found the 
ratio of these two substances. The results furnish a direct determination of the molecular 
weight of potassium bromide and an indirect determination of the atomic weight of silver. 

Silver and bromine were purified by methods standard in atomic weight work. Potassium 
bromate was prepared from high-grade potassium hydroxide and an excess of bromine. After 
the solution had been boiled to remove excess of bromine and possibly iodine, the bromate was 
many times recrystallised until essentially free from bromide and sodium. 

After prolonged drying in a vacuum the salt was further dried at 86 — 90° in the special 
weighed quartz decomposition flask, which was provided with a quartz filter disc to prevent loss 
of solid material, in a dry air stream, and was weighed. Very slow decomposition in a dry air 
stream followed, at gradually increasing temperatures up to 660°, until constant weight was 
obtained. During the decomposition the outgoing air stream was passed through a weighed 
phosphorus pentoxide tube to absorb residual water in the potassium bromate. In preliminary 
experiments it was found that decomposition of the bromate was complete and that the resulting 
bromide was neutral. 

In the following table the weight of potassium bromate has been corrected for the water 
content as determined in each experiment. Vacuum corrections have been applied. 


The Molecular Weight of Potassium Bromate, 


KBrOj, g. 

KBr, g. 

Ratio, 
KBr : O,. 

Mol. wt. 
of KBr. 

KBrO„ g. KBr. g. 

Ratio, 
KBr : Oj, 

Mol, wt. 
of KBr. 

10-67696 

7-60833 

2-47939 

119-011 

10-69361 7-62021 

2-47941 

119-012 

7-64279 

6-37493 

2-47937 

119-010 

10-36524 7-38620 

2-47939 

119-011 

7-44818 

6-30763 

2-47940 

119-011 

9-76351 6-95738 

2-47935 

119-009 

9-72672 

6-93065 

2-47947 

119-015 

9 78441 * 6-97233 

2-47942 

119-012 

9-62010 

8-60007 

6-85624 

6-06711 

2-47942 

2-47941 

119-012 

119-012 

Average 

. 2-47940 

119-011 


* 

Corrected in private communication from the authorst 



Further evidence that the potassium bromide resulting from the decomposition was normal 
and free from moisture was obtained by comparing this bromide with silver in the conventional 
way by the nephelometric method. Similar experiments were made with potassium bromide 
prepared from pure bromine and potassium oxalate, and fused in nitrogen. Weights are 
corrected for air buoyancy. 

If the established ratio of bromine to silver, 0*740786, is assumed, the atomic weights of 
bromine and potassium referred to silver ^ 107*879 are 79*915 and 39*096, respectively. All 
three values are in excellent agreement with those in the Table. 
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The Atomic Weight of Silver (KBr = 119*011). 


KBr.g. 

Ag, g. 

Ratio, 
KBr .* Ag. 

At. wt. 
of Ag.* 

KBr. g. 

Ag, g. 

Ratio, 
KBr : Ag. 

At. wt. 
of Ag.* 

5*37498 

4*87217 

1-103200 

KBr from 

107*878 

KBrOa. 

7-62092 

6*90813 

1-103181 

107*880 

5*30768 

4-81110 

1*103195 

107*878 

7-38622 

6*69631 

1-103193 

107-879 

6*93122 

6-28281 

1-103204 

107-878 

6-96738 

6-30663 

1-103185 

107*879 

6-86636 

6-21410 

1-103194 

107-879 

6-97265 

6-32040 

1*103197 

107-878 

6-06813 

5-49156 

1-103173 

107-881 

Average 

. 1-103191 

107*879 

6-08563 

4-60984 

1-103212 

KBr from 

107-877 

K,C,04. 

5-30793 

4-81142 

1*103194 

107-879 

4*94988 

4*48694 

1-103175 

107-880 

4-50218 

4-08093 

1-103224 

107-876 

6*64545 

6-11714 

1*103243 t 

107-874 

4*34549 

3-93902 

1-103191 

107-879 

5*38516 

4*88142 

1*103196 

107-878 

6*25160 

4*76034 

M03199 

107-878 

5-92139 

5-36765 

1-103183 

107-880 

5*06778 

4-59372 

1-103197 

107-878 

4-62604 

4-19245 

1*103183 

107*880 

Average 

1-103200 

107-878 


* Recalculated from authors* data. t 1*103200 in the authors' paper. 

Incidental to the investigation three syntheses of silver chloride from silver were made. 


Ag, g. 

6- 96264 

7- 03046 


i 

The Ratio of Silver to Silver Chloride. 

AgCl, g. Ag : AgCl. Ag, g. AgCl, g. Ag : AgCl 

9*23774 0-762623 6*63263 8-81249 0*762640 

9*34116 0*762631 Average 0-762631 


The previously established value of this ratio is 0*762632. 

Silver. — Paul {Naturwiss., 1943, 81, 419) has determined the proportions of the two isotopes 
of silver electrometrically with a mass spectroscope. The mean ratio from twelve determinations 

was found to be = 1*080 ± 0*006. If the packing fraction — 4*8 x 10^ is used the atomic 

weight of silver is found to be 107*880. 

Dysprosium. — Wahl {Suomen Kem. Tied., 1942, 51, 64; Chem. Abstracts, 1944, 38, 5142) 
finds the following isotopic proportions for dysprosium. 


Isotope 168 160 161 162 163 164 

Percent trace 0-1 21-1 26-6 24-8 27*3 


The mean mass number calculated from these percentages is 162*581, and with the packing 
fraction — 1*3 x 10^ and the conversion factor 1*000276 the atomic weight may be calculated 
to be 162*52. Owing apparently to the fact that the author's percentages total only 99*9, 
he calculates the incorrect value 162*42. Honigschmid found, by analysis of the chloride, 
162*46. 

Hafnium. — ^Mattauch and Ewald (Z. Physik, 1944, 122, 314) by photometric measurement of 
intensities in mass spectrographic plates have found the relative abundances of the hafnium 
isotopes to be as follows : 


Isotope 174 176 177 178 179 180 

Per cent 0-18 5-30 18*47 27*10 13-84 36*11 


The mean mass number calculated from these results is 178*64, and the atomic weight calculated 
with the packing fraction -f 0*2 x 10“* and the conversion factor 1*000276 is 178*60^:0*01. 
This result is appreciably lower than the atomic weight found by Honigschmid and Zintl {Ber., 
1925, 58 , 463) in the usual chemical way. With two samples containing 0*67 and 0*16% of 
zirconium Honigschmid and Zintl's results after correction for the zirconium content were 178*64 
and 178*67. 

Lead. — Permyakov [Bull. Acad. Sci. U.R.R.S., Classe sci. chim., 1941, 681) has determined 
the atomic weight of lead from both Sadon galena and Khito-Ostrov uraninite by the conventional 
chloride-silver-silver chloride method. Weights are corrected to the vacuum standard. 



Thirteenih Refort of the Comm^ee on Atomic Weighis; etc. 


Sadon gaiena. 


mof 

Wt.of 

Ratio 

At. wt. 

wt. of 

Ratio 

At. wt. 

PbCl,. 

Ag. 

PbCl, : 2Ag. 

of Pb, 

Aga. 

Pba,:2AgCl. 

of Pb, 

3*9616 

3*0733 

1*28600 

207-20 

4*0835 

0*97010 

207*19 

2*2722 

1*7628 

1*28897 

207*19 

3-3423 

0*97008 

207*19 

31426 

2*4378 

1*28907 

207*21 

3*2394 

0*97009 

207*19 

Average 

1*28901 

207*20 

— 

0*97009 

207*19 



Khiio-Ostrov uraninite. 



1*6569 

1*2928 

1*28396 

206*11 

1*7176 

0*96646 

206*14 

2*3032 

1*7939 

1-28391 

206*10 

2*3834 

0*96635 

206*12 

2*2354 

1*7411 

1*28390 

206*10 

2*3132 

0*96637 

206*12 


Average 

1*28392 

206*10 

— 

0*96639 

206*13 

Radium. 

— ^Attention is 

again called 

to the fact that in the 

most recent 

and accur 


detennlnation of the atomic weight of radium, by Honigschmid and Sachtleben {Z, anorg, Chem,» 
1934, 221, 66), by conversion of radium bromide into radium chloride, no correction was made 
for the fact that weights of salt are too low since the temperature of the salts is always higher 
than that of the balance. The ratio involved is RaBrg : RaBrg — RaClj, in which the second 
term is far less affected than the first. In earlier work by Honigschmid a positive correction of 
0*01 unit was used. Although the mass spectrographic value is 226*06, identical with 
Honigschmid and Sachtleben’s uncorrected result, the application of the above rather uncertain 
correction produces a discrepancy of 0*01 unit. 


International Atomic Weights, 1947. 




Atomic 

Atomic 



Atomic 

Atomic 


Symbol. 

Number. 

Weight. 


Symbol. 

Number. 

Weight. 

Aluminium 

A1 

13 

26*97 

Neon 

Ne 

10 

20*183 

Antimony 

.. Sb 

51 

121*76 

Nickel 

Ni 

28 

68-e» 

Argon 

.. A 

18 

39*944 

Niobium (Colum- 




Arsenic 

As 

33 

74*91 

bium) 

Nb 

41 

92*91 

Barium 

Ba 

56 

137*36 

Nitrogen 

N 

7 

14*008 

Beryllium 

.. Be 

4 

9*02 

Osmium 

Os 

76 

190*2 

Bismuth 

Bi 

83 

209*00 

Oxygen 

O 

8 

16*0000 

Boron 

.. B 

5 

10*82 

Palladium 

Pd 

46 

106*7 

Bromine 

Br 

35 

79*916 

Phosphorus 

P 

16 

30*98 

Cadmium 

.. Cd 

48 

112*41 

Platinum ......... 

Pt 

78 

195*23 

Cassium 

.. Cs 

66 

132*91 

Potassium 

K 

19 

39*096 

Calcium 

.. Ca 

20 

40*08 

Praseodymium ... 

Pr 

69 

140*92 

Carbon 

.. C 

6 

12*010 

Protoactinium ... 

Pa 

91 

231 

Cerium 

.. Ce 

68 

140*13 

Radium 

Ra 

88 

226*06 

Chlorine 

Cl 

17 

35-4fi7 

Radon 

Rn 

86 

222 

Chromium 

.. Cr 

24 

62*01 

Rhenium 

Re 

76 

186*31 

Cobalt 

.. Co 

27 

68*94 

Rhodium 

Rh 

45 

102*91 

Copper 

Cu 

29 

63*64 

Rubidium 

Rb 

37 

86*48 

Dysprosium ... 

.. Dy 

66 

162*46 

Ruthenium 

Rn 

44 

101*7 

Erbium 

.. Er 

68 

167*2 

Samarium 

Sm 

62 

160*43 

Europium 

Eu 

63 

152*0 

Scandium 

Sc 

21 

46*10 

Fluorine 

.. F 

9 

19*00 

Selenium 

Se 

34 

78*96 

Gadolinium . . . 

Gd 

64 

166*9 

Silicon 

Si 

14 

28*06 

Gallium 

Ga 

31 

69*72 

Silver 

Ag 

47 

107*880 

Germanium ... 

.. Ge 

32 

72*60 

Sodium 

Na 

11 

22*997 

Gold 

.. Au 

79 

197*2 

Strontium 

Sr 

38 

87*63 

Hafnium 

Hf 

72 

178*6 

Sulphur 

S 

16 

32*066 

Helium 

He 

2 

4*003 

Tantalum 

Ta 

73 

180*88 

Holmium 

Ho 

67 

164*94 

Tellurium 

Te 

52 

127*61 

Hydrogen 

.. H 

1 

1*0080 

Terbium 

Tb 

65 

159*2 

Indium 

In 

49 

114*76 

Thallium 

T1 

81 

204-39 

Iodine 

.. I 

63 

126*92 

Thorium 

Th * 

90. 

232*12 

Iridium 

Ir 

77 

193*1 

Thulium 

Tm 

69 

169*4 

Iron 

Fe 

26 

56*85 

Tin 

Sn 

60 

118*70 

Krypton 

Kr 

36 

83*7 

Titanium 

Ti 

22 

47*90 

Lanthanum ... 

La 

67 

138*92 

Tungsten 

W 

74 

183*92 

Lead 

.. Pb 

82 

207*21 

Uranium 

U 

92 

238*07 

lithium 

.. Li 

3 

6*940 

Vanadium 

V 

23 

50*95 

Lutecium 

Lu 

71 

174*99 

Xenon 

Xe 

54 

131*3 

Magnesium ... 

Mg 

12 

24*32 

Ytterbium 

Yb 

70 

1734)4 

Manganese ...... 

Mn 

26 

54^3 

Yttrium 

Y 

39 

88*92 

Mercury 

Hg 

80 

200*61 

Zinc 

Zn 

30 

65*38 

Molybdenum ... 

.. Mo 

42 

96*96 

Zirconium 

Zr 

40 

91*22 

Neodymium ... 

Nd 

60 

144*27 
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OBITUARY NOTICE. 

ARTHUR LAPWORTH. 

1872—1941. 

Arthur Lapworth was bom on October 10th, 1872, at Galashiels; his father was Charles 
Lapworth (F.R,S., 1888, Royal Medallist, 1891), the eminent first Professor of Geology in the 
University of Birmingham, who was a pioneer in laying the foundations of stratigraphy. After 
early education at St. Andrews and at King Edward’s School, Birmingham, he graduated at 
Mason College and, as an 1861 Exhibitioner (1893 — 95), proceeded to the City and Guilds of 
London Institute, where the presiding genius was H. E. Armstrong. However, Lapworth 
came more directly under the care of F. S. Kipping, who was at that time in charge of the main 
organic laboratory. 

Professor Kipping writes : 

“ From the very first it was obvious that Lapworth had the experimental skill, as well as the 
powers of acute observation and sound deduction which would ensure his success in scientific 
work, and that his vivid imagination and high intellect would take him far in his profession. 
Any one who made Lapworth’s acquaintance could not fail to wish for closer ties, and although 
he was considerably my junior in age we soon became fast friends ; perhaps it would be truer to 
say that our relationship, even in those early days, was rather that of congenial brothers. He 
became a frequent visitor at our house in South Kensington, where he often met Pope, Forster, 
and other workers in Armstrong’s laboratories, and my wife soon shared with me the great 
pleasure of his friendship. During one vacation when he had made no holiday plans, we asked 
him to stay with us at Bridgwater : here it was that he met his future wife, Kathleen Holland, 
with whom during forty years he spent the rest of his life in peaceful and loving marital 
harmony.*^ 

To this may be added that Kathleen was the younger sister of Mrs. Kipping and of Mrs. W. H. 
Perkin ; thus Mrs. Holland was the mother-in-law of three distinguished chemists and Fellows of 
the Royal Society. 

His postgraduate course at the " Central” included crystallography under the late Sir 
Henry Miers and following this he worked with Armstrong on the sulphonation of ethers of 
P-naphthol and with Kipping on derivatives of camphor and camphene. So began two of his 
main interests in later research, the chemistry of camphor and the mechanism of aromatic 
substitution. His D.Sc. thesis,* submitted at the age of twenty- three, on the naphthalene topic 
was the occasion for a characteristic display of courageous independence. He refused to alter 
some sections of the theoretical treatment which his formidable professor had criticised. 

Lapworth’s first post (1896) was that of Demonstrator in Collie’s laboratory at the School of 
Pharmacy in Bloomsbury. One joint paper (/., 1897, 71, 838) on picoline derivatives from this 
period bears the Collie stamp. In 1900 he went to the Goldsmiths’ Company’s Institute at New 
Cross as Head of the Chemistry Department (1906, Goldsmiths’ College) and in 1909 became 
Senior Lecturer in Inorganic and Physical Chemistry and Schunck Fellow at the University of 
Manchester. Four years later he succeeded W. H. Perkin, jun., in the Chair of Organic Chemistry 
and in 1922 became Sir Samuel Hall Professor (primarily responsible for physical and inorganic 
chemistry) and Director of the Laboratories. The writer, first as a Junior Demonstrator and, 
after an interval of years, as Professor of Organic Chemistry, had the inestimable privilege of 
his friendship and collaboration. At lunch in the refectory and at many other times we exchanged 
ideas, often expressed on the back of envelopes by what Armstrong was pleased to call “ noughts 
and crosses ”. During this latter period Mrs, Lapworth acted as his secretary in the department. 

His last appointment demonstrates Lapworth’s remarkable breadth and versatility; very 
few men in the twentieth century would be thought competent to hold in succession chairs of 
organic and physical chemistry. He retired in 1936 and was appointed Professor Emeritus. 
He was elected F.R.S. in 1910, served on the Council (1927 — 29), received the Davy Medal in 
1931, and was an honorary LL.D. of Birmingham and of St. Andrews universities. These 
distinctions are mentioned with some uneasiness ; high as they are they afford no measure of 
the achievement of a man whose influence on chemical philosophy was outstanding. 

His modest disposition did not bring him into the limelight ; he was not a showman, tending 
rather to disparage his wares ; he made no dramatic discoveries such as to catch the public eye ; 

* Sulphonic acids of betamethoxy- and betaethoxy-naphthalene.” Thesis for D.Sc. (London)* 
April, 1896. 
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he Bcver dogged a dead horse and even left some promising live ones to fend for themselv^. He 
investigated in order to learn something, to educate himself, and not with the primary object of 
producing elegant and finished scientific memoirs, though he did indeed leave many such on 
record. Much of his work seems, therefore, incomj^ete, and his output of over a hundred papers 
was, judged by some standards, relatively small. Yet the power of his genius triumphed and it 
is now possible to see how his ideas, always many years ahead of those of his contempomries, 
played a leading part in the contribution which organic chemists have made to the revolution in 
chemical thought. The electronic theory of valency has made it possible to give a measure of 
precision to many of the suggestions he advanced on an electrochemical basis, but Lapworth*s 
preparation of the ground was essential. During many years little attention was paid to his 
views ; now they are the commonplaces of the textbooks. 

One of Lapworth’s first major interests was the constitution of camphor and the way he 
attacked the problem was very significant. There are quite a number of ordinary papers on the 
detailed chemistry of derivatives ; just the kind of thing that many workers in the field could, 
and did, produce. Certainly some of this material was of great importance and demonstrated 
his skill as an experimentalist, in particular his study of homocamphoric acid (/., 1899, 75, 986; 
1900, 77, 446, 1063) forged a vital link in the chain of evidence. In this investigation he showed 
that homocamphoric acid can be degraded to dehydrohomocamphoric acid and then to 
camphononic acid, which must be a cyc/opentane derivative because it could be synthesised by 
ketonisation of homocamphoronic acid. But his characteristic contribution was an idea — an 


C-H 


rCOjH 

‘\>CH-CH*-COaH 
Homocamphoric acid. 



Camphor. 


jeOaH 

'l>C:CH*CO,H 


C,H 


•CO,H 

>CO 


Dehydrohomocamphoric acid. Camphononic acid. 


rco.H 
C,hJ COaH 
lC0,H 

Homocamphoronic acid. 


interpretation of the chemistry of camphor which reconciled apparently conflicting data {Brit. 
A $$oc. Rep., Sec. B, Bradford, 1900) . In other words he saw through the mist and by recognising 
the occurrence of a remarkable molecular rearrangement in the formation of isolauronolic acid 
removed the chief stumbling block to the general acceptance of Bredt’s camphor formula. 



da.H,S04 


CHa-CH-COaH 
LauronoUc acid. 


CHa— CMea 

I fiMe 

CHa— C*CO,H 
^5oLauronolic acid. 


The postulated intramolecular change was compared by Lapworth with the pinacol-pinacolone 
rearrangement and a similar explanation was also applied to the change of a- to p-campholenic 
acid, which was another source of confusion. 

Homocamphoronic acid (III) itself and the stages of its production from aa-dibromocamphor 
(I) gave a great deal of trouble, as may well be understood when the direct formation of the acid 
by oxidation of (I) with nitric acid is considered (/., 1899, 75, 986). A carbon atom seems to 
get out of place. 

HNO, 

X 

CMcCO.H 

KM„0 H.C/W 

^ hA co,h 

CO,H 

(I) (II.) (HI.) 

It was shown, however, that Forster’s bromocamphorenic acid (II) is probably an 
intermediate product, and the very remarkable molecular rearrangement, (I) — (11), was 
suggested as the result of an extensive series of investigations (/., 1899, 75, 1134 ; 1900, 77, 309, 
446; 1902^ 81, 17). Lapworth carried these out in a systematic fashion by the careful study of 
the properties and reactions of the substances mentioned and, in addition, of camphonic acid, 
camphononic acid, and \’arious bromo*lactones. It does not seem to have occurred to him to 
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attempt the synthesis of homocamphoronic acld» although that is perhaps due to the fact that the 
structures became clear only towards the end of a prolonged study. 

The examples cited of the mobility of the camphor complex could be supplemented by many 
others and there is no doubt that the general acceptance of Bredt's formula owed as much to 
Lapworth^s searching analysis as to the eventual synthesis of camphoric acid. Much later he 
prepared homocamphor (/., 1920, 117, 743), but the connecting link with later activities was 
perhaps his work on cyanocamphor and homocamphoric acid (/., 1900, 77, 1063). He was led 
to consider the problem of the addition of hydrocyanic acid to carbon compounds more generally 
and especially to the ocp^unsaturated ketones and the ketones and aldehydes themselves (/., 
1903, 8S, 996; Proc., 1904, 20, 246; 1904, 85, 1206—1214, 1366; 1906, 89, 1819, 1869; 

1907, 91, 694, 977; 1910, 97, 11; Proc., 1911, 27, 240; 1911, 99, 1877; 1928, 2633; 1930, 

1976). The studies ranged from observations of the p-addition of cyano-groups to 
ap-unsaturated ketones such as mesityl oxide, benzylideneacetone, carvone, and pulegone 
to the later, careful examination of the conditions of formation and the stability of cyanohydrins. 
There is little doubt that reflection on the mechanism of these reactions played an important 
part in directing his attention to the principle of “ alternate polarities From the first he 
adopted ionic mechanisms, and a good illustration of his ideas is seen in the view he put forward 
of the course of the formation of benzoin from benzaldehyde (/., 1907, 91, 694). The production 
of a cyanohydrin was regarded by Lapworth as involving the direct attack of cyanidion on a 
carbonyl group : 

o- 

>C=0 +CN- — >c< 

CN 

This he made very probable by a study of the effect of catalytic agents on the velocity of the 
addition (/., 1903, 88, 996) and by showing that the cyanohydrins are complex acids of which he 
was able to prepare the salts (/., 1904, 85, 1206). Thus by the action of potassium cyanide on 
benzaldehyde and camphorquinone he obtained crystalline potassium salts of the cyanohydrins. 
This view was confirmed by much subsequent research by Lapworth himself, by Bredt, and by 
Goldschmidt. 

The second stage in the formation of a cyanohydrin is the decomposition of water, or an 
alcohol or acid, by the complex ion : 

>C< +H,0 — >C< +OH- 

CN CN 

He early recognised that these processes must be reversible and that normally an equilibrium 
will be set up. The theory explained very well why cyanohydrins are so advantageously 
prepared by the action of pure hydrocyanic acid on a ketone in the (necessary) presence of a 
small proportion of an alkaline catalyst, which may be potassium cyanide, or may even be 
derived from the glass container. 

To complete the scheme of the benzoin synthesis it was assumed that benzaldehyde undergoes 
an aldol-like synthesis with mandelonitrile, and that the cyanohydrin of benzoin is relatively 
unstable. This was probable on theoretical grounds, and from analogies, but it was also 
experimentally demonstrated. The complete scheme was (/., 1907, 91, 694) : 


C.Hj-CHO + CN' 5 !: C,Hs-CH(CN)-0' (i) 

C,H5-CH{CN)-0' + CeH|^-CH{CN)-OH (ii) 

C,Hj-CHO + C,Hs-CH(CN)-OH C,Hj-C{CN)-OH (iii) 

CgHs-CH-OH 

C,H,-C(CN)-OH C,H,*CO 

T T 4 - hcn (iv) 


It will be noticed that Lapworth postulated reversibility of each stage. The theory has stood 
the test of forty years and is generally accepted as correct : undoubtedly it represented a 
landmark in the progress of our understanding of the course of chemical change. 

Another outcome of the early camphor period was the use made of optical activity to study 
the phenomena of desmotropic, or tautomeric, change (/., 1902, 81, 1491, 1499, 1608 ; 1903, 83, 
114; 1904, 85 , 46 ; 1911, 99 , 1785). From the first Lapworth regarded these processes from 
the ionic point of view first advanced by Brfihl in 1899, but in a less explicit form. He, however. 
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greatly eactended the conception and supported it by many experimental researcltes carried on 
throughout his active career. 

Mechanisms were invariably adopted which stressed the fact that the ions, particularly 
hydrogen icms, must often be regarded as coming in from outside and also as leaving for an 
tinknown, and possibly remote, destination. Thus in keto-enol tautomerism catalysed by 


acids we have : 

“°>C=C<** Hi, + °'>C=C<** ...... (i) 

°>C=C<“ + Hi, — > °>C-CH,- (ii) 


where the two protons a and b are not the same. Although these views, and perhaps some others 
that he advocated, were not completely novel, Lapworth made a better combination of them than 
any other chemist. His consistency and theoretical insight made a great impression on his 
contemporaries and exercised a powerful influence on the development of organic chemical 
theory. At a later stage he became interested in the mechanism of esteriflcation and hydrolysis 
(Proc., 1908, 24. 100. 152, 153; /„ 1908, 98, 2163, 2187; Proc.. 1909, 26, 20; 1910, 97, 19; 

1911, 99, 917. 1417. 1427. 2242; 1912, 101, 2249; 1913. 103. 262; Proc., 1914. 30, 141; 
1915. 107. 857 ; 1922, 121, 76). Here again the emphasis was on hydrogen ion catalysis and the 
theory of acids and complex ions in various media. The researches were developed with the 
refinements of physico-chemical techniques and cannot usefully be summarised in the course of 
a short discussion. Many aspects of the work were unfinished and inconclusive but, taken as a 
whole, it must be admitted that this series of memoirs made an essential contribution to a subject 
which has excited great interest, and has of course been advanced by many other workers. 

Another penetrating suggestion made by Lapworth concerned the mechanism of the 
bromination of ketones ; the case chosen for study was acetone. The rate of bromination was 
found to be independent of the concentration of bromine and the process was catal3rsed by acids. 

Lapworth suggested that the rate-determining change is the formation of enol from the 
acetone and that this is immediately brominated. The reaction is therefore autocatalytic due 
to the accumulation of hydrogen bromide. This view is accepted to-day for the acid-catalysed 
reaction, but other ions than hydrogen ions play a part and the complexity of the system is 
illustrated by H, M. Dawson’s subsequent examination of the iodination of acetone. 
Anionotropic as well as prototropic reactions are in evidence. Considering the date (1913) of 
Lapworth 's work {Proc., 1913, 29, 283) the advance he made was remarkable. 

The conception of very rapid bromination of an enol was later utilised by K. H. Meyer for 
the analysis of mixtures of enols and ketones, for example, ethyl acetoacetate, under various 
circumstances, Lapworth often told the Mrriter that he ought to have made this ingenious but 
obvious application. It is, however, doubtful whether full enolisation occurs, and it is not 
necessary to postulate it. Thus Leuchs has shown that an optically active ketone, the enol of 
which must be optically inactive, can be brominated without loss of activity. This recalls the 
observation of Kuhn and Albrecht that optically active s^c.-nitrobutane yields an optically 
active sodium salt. Many other examples of Lapworth's concern with reaction mechanisms 
could be cited, including his early generalisations of the form of intramolecular changes (Proc., 
1896, 11, 49 ; 1898, 78, 445 ; Proc,, 1901, 17, 2 ; /.. 1901; 79. 1265) and an examination of the 

synthesis of acetoacetic ester (Proc., 1903, 19, 189). Moreover he made kinetic studies of many 
reactions other than those mentioned and his work on the rate of oximation and the properties 
of oximes (/., 1902, 81, 649 ; 1907, 91, 1133 ; 1908, 98, 85) may be given in illustration. 

Lapworth discovered many new reactions and transformations of which the following are 
among the more interesting. 

Possibly his investigations of the addition of hydrogen cyanide to unsaturated ketones 
suggested that the quality of reactivity of the carbon of a carbonyl group .can be transmitted to 
the p-carbon of an ap-unsaturated ketone. If so, he may have argued, a carbonyl might activate 
a methylene group through a double bond. At any rate, in 1900 he made an experiment that 
must have had some such theoretical background. 

He found (Proc., 1900, 16, 132) that ethyl crotonate condensed with ethyl oxalate in the 
presence of sodium ethoxide as follows : 

CO,Et-CO,Et -f CH8-CH:CH*CO,Et — >-CO,Et-CO*CH,-CH:CH-CX),Et 

The constitution of the product has since been confirmed ; this was necessary in view of the 
possibility of the double bond migration to the py-position, followed by oxylation in the 
a-podtion. An extension was made later (/., 1923, 188, 1326). 
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m 


Lapworth and Wechsler (J„ 1907, 91, 1919) noted an anomalous reaction of cyanodihydro* 
carvone with amyl nitrite in the presence of sodium ethoxide. , Further experiments revealed an 
interesting scission of ketones containing the group — CO — CH — under the same conditions. 
It may be assumed that a nitroso-derivative is first formed and that this adds the elements of 
alcohol to yield — CO-OEt + HON;0< (/,. 1908, 98, 30). 

Thus menthone (IV) yields (V) after hydrolysis of the product; pulegone (VI) gives (VII), 
the process involving the above-mentioned shift of a double bond. A simple model was 
provided (/., 1911, 99, 1882) by phenyl isopropyl ketone, Ph*CO*CHMe 2 , which was found to be 
converted by amyl nitrite in alcoholic sodium ethoxide into benzoic ester, Ph*CO,Et, and 
acetoxime, HON^CMeg. This reaction has been applied to cinchoninone and affords in this and 
other cases a useful resource for the ring-fission of ketones. 

CHMe 


CHMe 


H.C 

H*C, 




CHMe* 

(IV.) 


CHMe 


C=NOH 

CHMe, 

(V.) 


CHMe 


CH, 

H,C « 

fH, 

H.C C 

Jx> 

H,C. ( 

CO,Et 

1 




CMbj 
(VI.) 


H,C CO,Et 
^NOH 

/% 

Me CH, 
(VII.) 


Another degradation was discovered when bromine was allowed to act on ethyl benzeneazo- 
acetoacetate, CHg*CO*CH(N 2 Ph)*COgEt, when the acetyl group was eliminated and a so-called 
hydrizino-derivative, CBrjlN-NHPhj-COjEt, was produced (/., 1906, 87, 1854). When treated 
with alkalis, two molecules condensed to give ethyl diphenyldihydrotetrazinedicarboxylate, 


EtOjC-crN-NPh 

Ph-N-NXCOjEt 


These novel types of substances have not received much subsequent attention. 

An interesting paper on sulphonic esters (/., 1912, 101, 273) describes some new reactions 
based on the idea that esters and sulphonic esters tend to undergo scission at the dotted line : 

• • 

R*CO-H3 — R', R'SOj’O-S-R'. It was found that olefins add the elements of sulphurous acid 

with the production of sulphonic acids (/., 1925, 127, 307). In the simplest case ethylene reacts 
with sodium hydrogen sulphite with formation of ethanesulphonic acid, which was isolated as 
the barium salt : 

CHjXH, + NaHSO, — ^ CH,-CHa-SO,Na 

This reaction was rather unexpected; it underlines the abnormality of sulphur and recalls* 
Posner's experiments on the addition of mercaptans to unsaturated substances. 

At various times Lapworth paid considerable attention to improvements of preparative 
methods and to the prescription of satisfactory recipes. For example, he made really pure 
oleic acid (Biochem. /., 1926, 19, 7) and studied its quantitative oxidation to dihydroxystearic 
acid (7., 1925, 127, 1628, 1987). This is only one instance of his interest in the chemistry of the 
fats. He began work on sphingosine and cerebrone (/., 1913, 103, 1029) but never carried it far. 

Other illustrations of the improvement of methods are the reductions of emulsified 
nitro-compounds (/., 1921, 119, 766, 768; 1925, 127, 2970) whereby excellent yields of 
arylhydroxylamines were obtained, and contributions to Organic Syntheses (1927, 7, 20; 1928, 
8, 99) based on his earlier work with McRae (/., 1922, 121, 1699, 2741). The details are 
characteristically elegant. An aldehyde such as benzaldehyde is brought into reaction with 
sodium cyanoacetate, previously made in the usual way ; the addition of hydrocyanic acid and 
hydrolysis then afford a substituted succinic acid. 

An unusual development for Lapworth was a study of natural products, in this case the 
pungent principles of ginger (/., 1917, 111, 77) and capsicum (/., 1919, 116, 1109). It is curious 
that E. K. Nelson, and also H. Nomura, published work on gingerol almost simultaneously with 
that of Lapworth, Pearson, and Royle. The work of Lapworth and his collaborators was thC’ 
most comprehensive. The oleo-resin of Thresh, and of Garnett and Grier, methylated by 
means of methyl sulphate and alkali, yields a crystalline compound termed methylgingerol. 
This is decomposed by heat or alkali into methylzingerone, CijHieOs, and aldehydes, of which 
the chief is «-heptaldehyde. Methylzingerone was proved by analysis and 8)mthesis (/., 1917,. 
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111, 790) to be p-veratrylethyl methyl ketone (VIII) and the most plausible view of methyl- 
gingerol is expressed by the constitution (IX). 

Meg^^H.-CHj-CO-CH, MeOjQy:H,*CH,-CO-CH,-CH(OH)-[CHJ,'Me 

^ (VIII.) (IX.) 

Similarly the oleo- resin, l>efore methylation, gave zingerone, which was proved by 

synthesis to be (X). 

When, in the early Manchester days, one discussed synthetical projects with Lapworth, it 
was quite clear that he had some unusual way of deciding whether they would ** go ” or not. 
It turned out to be a scheme of alternating polarities in a chain of atoms, and the theory was 
published in 1920. Although somewhat hidden in the Memoirs of the Manchester Literary and 
Philosophical Society (Ixiv, No. 3, 1), the paper evoked much interest, and not a little criticism. 
In later publications the theoretical basis was broadened and the principle developed with a 


CHO 



CHXAc-COjEt 


lOMe 


reduction 


^ 

hydrolysis 


CHg-CHa-CO-CH, 

(^OMe 

(X.) 


conception of “ virtual valencies ” {]., 1922, 121, 416). Unfortunately this method of treatment 
was difficult to assimilate because of its form and, as the electronic interpretations, really 
equivalent to Lapworth’s, were gradually adopted generally, this memoir of 1922 was almost 
forgotten. 

Lapworth’s main contribution to modern theory was his classification of reagents and his 
earlier work on reaction mechanisms, which were closely in ter- related. 

Starting from the two ionic types, he termed groups and molecular centres that exhibit 
reactive properties analogous to anions, anionoid, and those behaving like cations, cationoid. 
These expressions have exactly the same meaning as Ingold's nucleophilic and electrophilic. 
They implied electron donors, and electron acceptors, respectively. In regard to a few 
misconceptions, which arose in discussions, let Lapworth speak for himself (citations from Mem, 
Manchester Lit, Phil, 5oc., loc, cit.). “ The writer originally fell into the habit of labelling the 
atoms in reactive molecules with + and — signs as the result of his applications of the ionic 
theory to the reactions of carbon compounds and especially to those of ketones and allied 
carbonyl compounds. ... It must be emphasised, however, that in attaching the -f and 
— signs to the oxygen and carbon atoms no hypothesis is invoked, nor is it necessary, or even 
desirable, to assume that electrical charges are developed on these two atoms (except perhaps at 
the actual instant of chemical change). The signs are applied, in the first instance, merely as 
expressing the relative polar characters which the atoms seem to display at the instant of the 
chemical change in question." He clearly distinguished his views from the earlier theories of 
Fry and Vorlander which, more precisely in the case of Fry, did postulate actual alternate 
electric charges. 

An example given was ; 


2CH,*ch:ch-ch6 — >-ch,-ch:ch-^h*ch,-ch:ch-ch6 " 

- + 

" It must now be evident from [corrected in reprints to in\ the cases already dealt with that the 
whole order of alternating latent polarities is determined by the oxygen atom or atoms. . . . 
The extension of the influence of the directing, or key-atom, over a long range seems to require 
for its fullest display the presence of double bonds, and usually in conjugated positions, 
consequently the principle must find ample scope in the aromatic series where conjugation is the 
rule." 

It was this aspect which was emphasised in the paper of 1922 (/., 1922, 121, 416) and the 
views there developed are, to all intents and purposes, identical with those advanced by the 
present writer starting from the conception of partial valencies. Both had some analogies with 
the systems of Thiele and of Flfirscheim and in son e applications gave identical results. There 
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was seen to be divergence, however, in other important respects and the origin of these became 
clear with the development of translations into the terms of the electronic theory of valenc}^ 
The working hypothesis of " labelling from a key-atom gave rise to some interesting 
experimental work and an early example is that of Lapworth and Shoesmith (/., 1922, 121, 1391) 
on the methoxybenzyl bromides. 

Thus the m- and ^-isomerides are labelled from oxygen as key-atom : 



The behaviour of these substances was found to harmonise with that predicted from the figures. 

- + - 

It was known that Br in, for example, O — C — Br is very readily replaced by OH and that Br in 
— + — + 

O— C — CH — Br is unusually readily replaced by H. ^-Methoxybenzyl bromide was much more 
easily hydrolysed to the related alcohol than was w-methoxybenzyl bromide, and in reductions 
to the tolyl methyl ethers, the w-isomeride was the more reactive. 

Nowadays the properties of the ^-derivative can be readily interpreted on a more precise 
electronic basis, but the m-derivative would be regarded as a benzyl bromide, lacking the special 
constitutive features of the _/?-type, and differing from benzyl bromide itself only as the result 
of the general electrical effect of the methoxy-group. In other words, it is the />-derivative that 
exhibits exceptional behaviour, and a comparison of benzyl bromide and m-methoxybenzyl 
bromide is required in order to estimate the significance of the contrast to w'hich Lapworth and 
Shoesmith drew attention. 

About this period (1922 — 26) an active controversy arose (cf. 1925, 127, 1742) ; this 
consumed much time and effort but need not be described in detail. Lapworth himself would be 
the last to desire these ephemeral writings to be resuscitated on account of their purely historical 
interest. It had at least one useful result in that the theory was more quickly moulded into its 
present form. 

The chief subsequent events have arisen from the applications of quantum mechanics to 
organic chemical problems. These have provided a new calculus for the electronic theory of 
valency but have not rendered the older qualitative approach obsolete. 

Lapworth \s last scientific paper (J ,, 1931, 1959) was most happily a collaborative effort with 
Professor C. K. Ingold. It was concerned with the problem of w-nitration of toluene. 
Competitive nitrations of toluene and benzene show that toluene is far more readily attacked 
than benzene. But in the nitration of toluene, only 4*4% of the w-derivative is produced. 
The question arises — does the methyl group activate the w-position, relative to the reactivity of 
benzene ? Careful experiments showed that this is indeed the case, the disparity of toluene and 
benzene reactivity being sufficient. 

There is little doubt that Lapworth would have continued to shed light on these and similar 
problems but unfortunately signs of his illness made their appearance early in the third decade 
of the century. He continued for some years to inspire his colleagues and collaborators by 
discussion and correspondence. Indeed it is true to say that throughout his life, though his 
publications are highly important, his generous help to others had an almost equal, if not 
greater, influence on the progress of science. 

The world-wide recognition of Lapworth's genius and his abiding scientific reputation increases 
with the passage of time. It is now seen that his insight into chemical mechanisms, and his 
insistence on the electrochemical point of view at the molecular level, forged a necessary link in 
the chain of theory which now connects the most diverse phenomena. 

In the laboratory one of his students, Dr. G. N. Burkhardt, gives the following picture. 

“ He was skilful in devising and using the simple methods which he always preferred and, with 
a home-made cigarette in one corner of his mouth, and his head on one side, he would attack a 
new substance with reagents and a set of test-tubes. Using traces of material and a number of 
uncommon devices, he would find as much in a few minutes as might take hours to establish on a 
larger scale with more elaborate technique. As a teacher, lecturing on three main branches of 
chemistry in succession, he concerned himself to an unusual degree with the exposition of ideas, 
methods, and general principles, so that his lectures were most stimulating and valuable to his 
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better students, though they could be the despair of those whose tastes or abilities required only 
the easy catalogue of facts/' 

In his dealings with his fellow men he was selfless, generous to a fault, and completely 
straightforward and sincere. His scientific work occasionally brought him into controversy 
with exponents of older views, but this was always conducted with great dignity and the most 
careful choice of words. Incidentally he possessed an enviable command of language especially 
noticed in his writing, and a pretty and sometimes caustic wit, entirely free from any suspicion 
of malice. As administrator of his department and laboratory he showed firmness and wisdom, 
but this w'as not his real mitier and it is a pity that a sense of duty compelled him to undertake 
responsibilities which turned out to last far too long. As already mentioned, the valuable help 
of Mrs. Lapworth lightened the load of routine for several years. The loyalty with which 
Lapworth was ser\’ed and the undying devotion of all those who collaborated with him whether 
in teaching or research are the best testimony to his professional work and the University of 
Manchester owes much to his encouragement of young men of promise and to his guidance of 
the School of Chemistry during critical years. 

A sensitive soul, always sparkling with vitality, all-embracing in his curiosity and interest, it 
is natural that he had many hobbies. 

His father was a pianist and his mother and sister were accomplished singers. He himself 
played the violin and ’cello and was a lover of music, with sound and individual taste and a wide 
knowledge of the classics. He had little use for the modern forms. At New Cross he took part, 
as viedinist, in chamber music and played in the College orchestra. When he came to Manchester 
Perkin asked him to share in liis famous musical parties but there were too many violinists and 
Lapworth learned the viola. For many years he served on the Council of the Royal Manchester 
College of Music. He was a good dancer, was fond of the theatre, of films, radio, and 
the gramophone, and, in my time, he was a voracious reader of thrillers. Carpentry and 
microscopy were just two of his pursuits, and outside his chemistry his main scientific interests 
were astronomy, geology, and botany. He was an authority on British mosses and made a fine 
collection of them. 

Holidays were spent in mountaineering and later in golfing and fishing. As a boy he started 
scrambling at St. Andrews and soon accompanied his father on geological expeditions to the 
mountains. At the age of eighteen he made a solitary ascent of the Petit Dent de Veisivi and 
later climbed IJiwedd and the Rosenlaui Engelhorner by several routes. 

Much affected by the loss of his friend Humphrey Owen Jones and his wife on the Aiguille 
Blanche de Peteret, he never climbed again. 

His fishing ground was chiefly the river Eden near Gosforth, and he was a member of the 
Yorkshire Anglers Club. Speaking of one of his friends he said : “ The keenest angler I know — 
what a pity that he never catches fish 

The outdoor life consorted well with his interest in nature, and it was K. J. P. Orton who 
introduced him to the study of birds. Orton, a recognised authority, was good with the 
field-glasses, but Lapworth’s trained and sen.sitive ear enabled him to surpass his teacher in the 
recognition of birds by song. Birding with the Ortons v^as the raison d'itre of many happy 
expeditions round Hayes Common, Keston. and in the Bangor district. Many years later the 
writer found in a St. Andrews “ den " that Lapworth liad not forgotten his craft. 

The breadth of interest and joy in life which Ivapworth showed in his recreations were 
characteristic of the man. In science, too, his temperament might have caused too wide a 
spread, but he was saved from this by self-discipline and by a dominant theoretical theme. 

Lapworth’s health, at least in later years, was never robust, and the exceptional strain of 
carrying the burden of the whole Department of Chemistry eventually broke it down. His long 
and distressing illness was borne with the greatest fortitude, but, until the very end, he never 
lost his interest and was able to enjoy the visits of his friends at intervals. 


R. Robinson. 
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,186. Photochemical Reactions in Sunlight. Part XII. Reactions 
vnth Phenanthraquinone, 9-Arylxanthens, and Diphenyl Triketone. 

By Alexander Schonberg and Ahmed Mustafa. 

(a) The photochemical addition of phenanthraquinone or retenequinone to various 
substances containing an olefinic linkage has been carried out. The olefmic compounds include 
diphenylketen and a number of olefins, (1) — (III), in which one carbon atom of the ethylenic 
linkage is a member of a five- or six-membered ring system. The photo-products obtained are 
represented by the formulae (V) — (VIII). 

(h) Reaction scheme (A), which shows the photo-formation of peroxides from 9-aryl- 
xanthens, was carried out in five cases. Some of the arylxanthens are new and were prepared 
according to scheme (B). 9-Benzylxanthen was stable in sunlight in the presence of oxygen. 

(c) The photo-reaction between phenanthraquinone and aromatic aldehydes was studied in 
three cases (see C) ; steric hindrance (ortho-effect) may explain the slow rate of the photo- 
reaction in the case of 2-methoxy-l-naphthaldehyde. 

(d) Diphenyl triketone in sunlight forms benzil. 


(a) Recently (/., 1944, 387; 1945, 551) we showed that phenanthraquinone reacted with 
certain unsaturated compounds to form derivatives of phenanthro-1 : 4-dioxen. We have now 
extended this reaction to 9-benzylidene-xanthen and -thioxanthen (I, a and b), methyleneanthrone 
(II), benzylidenephthalide (HI), 1 : 1-di-^-anisylpropylene (IVa), 1 ; 1-dixenylpropylene (IVi>), 
a5.-dixenylethylene (IVc), and diphenylketen. 


C:CHPh 

CrCHa 

C:CHl>h 

/ \ 

/ \ 

/ \ 

CeH4 C«H4 

CeH4 CeH4 

C.H, 0 

\o 

\ / 



CO 

(la, A = 0; 16, A=S.) 

(IIJ 

(111.) 


CRjICHR' 

(IVa, R = R' = CH3; 

IWb, R = :/>-Ph-CflH4. R' == CHs; 
lYc, R = /J-Ph-Cell*, R' H.) 


The -pYioio-product obtained from (la) has the structure (V), and those from (16), (II), and 
(III) are analogous. Those from (IV, a, 6, and c) are of type (VI), in which R and R' are as in 
the three formulae. Diphenylketen gives the compound (VII). The condensation product from 


/0“-CHPh 

C14H/ I 

C 

(V.) 




/ 


O— CHR' 


'^o— c:r. 


(VI.) 


CHMe, 


/O-CPh, 


(Vil.) 



9HPh 
/CHPh 

(Vlll.) 


retenequinone and stilbene is assigned the structure (Vlll). All these products are colourless 
except (VIII), which is light yellow. On pyrolysis, the compounds were resolved into their 
generators except that diphenylketen was not obtained from (VII), probably because of its 
thermolability. 

The photo-products from (HI) and diphenylketen were insoluble in aqueous sodium 
hydroxide, but were readily attacked when heated with aqueous-alcoholic sodium hydroxide, a 
behaviour according with the lactone structure assigned to them; the resulting solutions were 
orange-coloured. 

(6) To the list of triarylmethanes forming peroxides in air and sunlight by route (A) 
(Schonberg and Mustafa, /., 1945, 657), we now add ^-oL~naphthylthioxanthen, ^-rcv-tolylxanthen, 
and 9-/>-tolyl-, 9-^-anisyl-, and 9-a-naphthyl-xanthen. The fost two are new and were prepared 
as shown in (B) for the naphthyl compound : 


CeH* R 

2 


C.n, K K C,H, 
sunlight / \ I / \ 

A C>0'0*C A . 

\ / \ / 

CeH* CJI4 

(1X«, R = a-CioH^, A = S ; (Xa, R = a-C,oH„ A == S ; 

1X6, R = m-CgH^Me, A = O.) X6, R = A - O. 

C(,H4 I^loIl7(®-) 10117(a) 

/ X followed by // Zii and \ 
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Schonberg and Mustafa: 


Q-Benzylxanthen in benzene was unchanged when exposed to sunlight in presence of oxygen. 
It seems that an aryl group in position 9 in xanthyl is necessary for the formation of peroxides 
in sunlight by the action of oxygen. 

(c) Schonberg and Moubasher (/., 1939, 1430) described a number of photo-reactions between 
phenanthraquinone and aromatic aldehydes according to (C). We have carried out similar 
reactions with 2 : 4-dimethoxybenzaldehyde, 2-methoxy-l-naphthaldehyde; and cuminaldehyde ; 
the first two reactions are much slower than that between benzaldehyde and phenanthraquinone 
in sunlight : this may be due to steric hindrance (ortho-effect). 


CxiHgOg + R-CHO 


sunlight 


> 


/V 


\ 


o 


OH 


R 


[Xlfl, R=-2:4-(MeO)aC.H3: Xlb, R = 2-.(MeO)CioHe ; 
XIc, R 


(C) 


(fi?) Lately, two methods have been described for conversion of diphenyl triketone into benzil 
by processes in. the dark, namely, by the action (i) of aluminium chloride and (ii) of selenium 
(precipitated) in the presence of oxygen (Schonberg and Azzam, 1939, 1430; Schonberg and 
Moubasher, in the press). It has now been found that the conversion is also effected when 
a benzene solution of the triketone is exposed to sunlight, but no reaction takes place in the 
dark in the absence of catalysts. 

Experimental. 

All substances were in solution unless otherwise stated. The benzene used was free from toluene * 
and thiophen and had been dtied over sodium. The reaction mixtures were placed in a Schlenk txibe 
(Schlenlv and Thai, Ber., 1913, 46, 2655; comp. Houben, “ Die Methoden der Organischen Chemie 
2iid Edition, Vol. 4, p. 960) of Pyrex glass, and the air was then displaced by dry carbon dioxide and the 
tube sealed by fusion. 

The photo-foriuation of peroxides was carried out as above, but in the presence of dry air. 

Control experiments in the dark, but otherwise under identical conditions, showed no reaction. 

(a, i) Photo-reactions with Phenanthraquinone. — ^-Benzylidenexanihen. Phenanthraquinone (1 g.) 
and 9-benzylidenexanthen (la) (Docker, Ber., 1905, 38, 2493) (T3 g.) in benzene (50 c.c.) were exposed 
to sunlight for 4 months (February — June), the phenanthraquinone gradually dissolving completely. 
The benzene was evaporated olf in a vacuum, and the residual dark solid washed with cold acetone and 
crystallised from benzene-light petroleum (b. p. 30 — 60"). forming almost colourless crystals, m. p. 241® 
(red brown melt) (Found : C, 84-8; H, 4*9. C 34 H 22 O 3 requires C, 85*3; H, 4*6%). 1l\\^ product (V), 
when treated with sulphuric acid, gave an olive-green colour; it was soluble in hot benzene and ligroin 
(b. p. 100—150®). 

Thermal decomposition. The foregoing product was heated for J hour at about 270® (bath temp.) 
in a stream of dry carbon dioxide (the height of the decomposition tube being about 25 cm.) ; red-brown 
fumes were evolved, and an orange liquid collected on the walls of the tube. After 24 hours, this 
solidified to a mixture of orange and almost colourless ciystals ; extraction with hot light petroleum 
(b. p. 50 — 60°) left a residue of phenanthraquinone (identified, after recrystallisation from alcohol, by 
m. p., mixed m. p., and colour reaction with sulphuric acid). Tlie extract was concentrated, and the 
resulting crystals, recrystallisecl from ethyl alcohol, proved to be 9-benzylidenexanthen (la). 

^-Benzyiidenethioxanthen. Phenanthraquinone (1 g.) and 9-benzylidcnethioxanthen (16) (Decker, 
loc, cit.) (1*4 g.) in 30 c.c, of benzene were exposed to sunlight for 3 months (August- — November), the 
phenanthraquinone dissolving as before and the orange colour of the solution fading to pale yellow. 
The crystals tlxat separated were filtered off, washed several times with hot absolute ethyl alcohol, and 
recrystallised from benzene, forming colourle.ss crystals, m. p. 245° (orange melt) (Found : C, 82-6 ; 
H, 4*6; S, 5*9. requires C. 82*6 ; H, 4*4; S, 6*5%). Tha product (as V) gave a brown colour 

with sulphuric acid at room temperature ; it was difficultly soluble in cold ethyl alcohol, but soluble in 
hot benzene ; when heated as described above, it yielded its generators, which were separated as above, 

Methylcneunihrone. Phenanthraquinone (1 g.) and methylenean throne (II) (Clar, Ber., 1936, 69, 
1687) (1 g.) in 25 c.c. of benzene were exposed to sunlight for 40 days (February — April) ; the 
phenanthraquinone dissolved, and the resulting cryst<ils were filtered off and washed with cold benzene, 
followed by hot ethyl alcohol ; they recrystahised from chlorobenzene, forming almost colourless crystals, 
m, p. 165° (decomp. ; green melt), and gave a bluish-green colour with sulphuric acid. The product (as 
V) (Found : C. 84*1; H, 4-3. CgaHigOg requires C, 84*1; H, 4*4%) is difficultly soluble in hot ethyl 
alcohol, but soluble in benzene ; when heated as described above, it yielded its generators, separated as 
before. 

Benzylidenephthalide. Phenanthraquinone (1 g.) and benzylidenephthalide (III) {Org. Synth,, Coll. 
Vol. 2, p. 61) (1*1 g.) in benzene (25 c.c.) were exposed to sunlight for 20 days (May); the quinone 
dissolved, and the resulting crystals were filtered ok and washed with light petroleum (b. p. 60—60°). 
The product crystallised from xylene in colourless crystals, m. p. 310° (red-brown melt) (Found : C, 
80*3; H, 4*1. C 2 #Hi 804 requires C, 80*9; H, 4*2%). It gave no colour with sulphuric acid at room 

♦ Toluene in sunlight acts as a reducing agent; e.g., phenanthraquinone is transformed into 
9 : 10 -dihydroxyphenanthrene (Benrath and Meyer, J. pv, Chem., 1914, 89, 258). 
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temperature, but a violet colour at 100® ; it was dif&cultly soluble in cold ethyl alcohol and benzene, but 
soluble in hot xylene. Its behaviour with alkalis is described on p. 997. 

Thermal decomposition was carried out for ^ hour at about 330® (bath temp.) as described above. 
The resulting mixture was separated as before. 

1 : \-Di-i^-xenylpropylene. — Phenanthraquinone (1 g.) and the olefin (IVfe) (Pfeiffer and Schneider, 
/, pr, Chem,, 1931, 1»9, 129) were exposed to sunlight for 60 days (March — April). The benzene was 
evaporated off in a vacuum, and the residual dark oil extracted with hot ligroin (b. p. 100 — 150°). The 
extract, on slow evaporation in a vacuum, gave crystals, which recrystalhsed from ethyl alcohol in 
colourless crystals, m. p. 143® (orange melt) (Found : C, 88*9; H, 5-8. C41H80O2 requires C, 88-8; H, 

6*6%). 2 : 2-Dixenyl-^-methylphenanthro-^* : lO'-l : 4^-dioxen (as VI) when treated with sulphuric acid 

gave an olive-green colour after a few minutes at room temperature ; it was soluble in benzene and hot 
ethyl alcohol. 

The thermal decomposition was carried out as described above for J hour at about 270° (bath temp.) ; 
the mixture was separated as before. 

Diphenylketen. Phenanthraquinone (1 g.) and diphenylketen (Staudinger, Ber., 1911, 44, 1622) (2 
g.) in 30 c.c. of benzene were exposed to sunlight for 3 months (March — May), the phenanthraquinone 
dissolving as before and the solution becoming brown. The crystals that separated were filtered ofi , 
washed with cold benzene, and recrystallised from hot benzene, forming almost colourless crystals, m. p. 
227 — 230° (decomp.; orange melt) (Found: C, 83*5; H, 4-6. CggHigOj requires C, 83*6; H, 4*6%). 
The compound (VII) gave no immediate colour with sulphuric acid, but a dirty-green colour developed 
after some time ; it was difficultly soluble in ligroin (b. p. 90 — 100°) and ethyl alcohol, but soluble in hot 
benzene ; for its behaviour with alkali, see p. 997. 

Thermal decomposition (15 mins, at bath temp. ca. 300°) afforded drops of an orange oil which 
solidified after 24 hours and were identified as phenanthraquinone. 

oj&.-Dixenylethylene. Phenanthraquinone (1 g.) and the ethylene (IVc) (1*6 g.) (Pfeiffer and Schneider, 
loc. cit.) were exposed to sunlight for 3 months (March — June). The separated solid was collected, 
washed with cold ether and then with hot acetone, and recrystallised from benzene in colourless crystals, 
m. p. 234° (Found : C, 89*5; H, 5*3. C40H28O2 requires C, 8S-9 ; li, 5*2%). 2 : 2-Dixenylphenanthro- 

9' : lO'-l : 4:-dioxen (as VI), when treated with sulphuric acid, gave a red-brown colour at room 
temperature; it was soluble in hot benzene and difficultly soluble in ligroin (b. p. 90 — 100°). 

For separation of the products of thermal decomposition (15 minutes at bath temp. ca. 290°), hot 
ligroin (b. p. 90 — 100°), in which (IVr) is soluble, was used. 

1 : l-Di-p~anisylpropylene . Phenanthraquinone (1 g.) and the olefin (IVa) (Pfeiffer and Wizinger, 
Annalen, 1928, 461, 145) (1*1 g.) were exposed to sunlight for 3 months (March — June). The benzene 
was evaporated off in a vacuum and the brownish oily residue w^as extracted several times with ligroin 
(b. p. 70 — 80°). The extract, on slow evaporation, gave an almost colourless solid residue which 
recrystallised from benzene-light petroleum (b. p. 50 — 60°) in colourless crystals, m. p. 181° (orange- 
brown melt) (Found: C, 80*2; H, 5*6. C31H26O4 requires C, 80*5; H, 5*6%). 2 : 2’Di~p-anisyl~Z“ 

methylphenanthro-^' : lO'-l : ^-dioxen (as VI) when treated with sulphuric acid at room temperature gave 
a dark brown colour changing after a few minutes into olive-green ; it was soluble in hot 
benzene, difficultly soluble in cold ethyl alcohol. 

The products of thermal decomposition (bath temp. ca. 270”) were separated as in the preceding case. 

(a, ii) Phoio-reaciion between Retenequinone and Stilbene. — Ketenequinone (1 g.) and stilbene (0*7 g.) 
in 25 c.c. of benzene were exposed to sunlight for 21 days (March), the quinone then having dissolved. 
The benzene was evaporated off in a vacuum, and the solid residue was washed with cold light petroleum 
(b. p. 80 — 100°), and crystallised from ethyl alcohol, forming very light yellow crystals, m. p. 224 — 226° 
(deconip. ; red melt) (Found : C, 80*8; H, 6*5. Ca-^IIgBOg requires C, 86*5; 11, 6*3%). 6 : Q-Diphenyl- 

{l'-meihyl-7'~isopropylphenanthro)-9'' : lO'-l : 4:~dioxcn (VllI) gave no colour with sulphuric acid at room 
temperature, but a red colour at 100° and was soluble in hot benzene. At ca. 270° (bath temp.) it 
decomposed into retenequinone (identified, after recrystallisation from chloroform and ethyl alcohol, by 
mixed m. p. and colour reaction with sulphuric acid) and stilbene (recrystallised from ethyl alcohol and 
identified by m. p. and mixed m. p.). (This experiment was carried out with M. Z. Barakat.) 

(b) Action of Oxygen on Triarylmcthanes in Sunlight. — (1) Si-a'Naphthylxanthen. Keduction of 
9-a-naphthylxanthhydrol (Gomberg and Schoepfle, /. Amer. Chem. Soc., 1917, 89, 1668) was carried out 
as described by Ullmann and Engi (Ber., 1904, 37, 2371) for the phenyl compound, i.e., by means of zinc 
dust and acetic acid with platinum chloride as a catalyst. 9-a-Naphthylxanthen recrystallised from 
benzene-light petroleum (b. p. 30 — 50"), m. p. 184° (Found : C, 89*5 ; II, 5*1. Calc, for CgaHjgO : C, 89*6 ; 
H, 6*2%). Kovache (Ann. Chim., 1918, 10, 184) gives m. p. 184°, It was soluble in benzene and gave no 
colour with sulphuric acid. 

9-a-Naphthylxanthen was insolated for 5 days (February). The colourless crystals that separated 
were recrystallised from xylene; m. p. 228° (decomp.; dark melt) (Found : C, 85*3; H, 4*7. Calc, for 
C40H30O4 : C, 85*4 ; H, 4*7%). For the peroxide, Gomberg and Schoepfle (loc. cit.) gave ni. p. 228 — 230°. 
The peroxide was practically insoluble in light petroleum (b. p. 30 — 50°) or in cold benzene, but soluble 
in hot benzene or xylene, and gave a deep red solution with sulphuric acid. 

(2) 9~a-Naphthylthioxanthen. To a Grignard solution of a-naphthylmagnesium bromide (magnesium, 
1*2 g. ; a-bromonaphthalene, 10*4 g. ; dry ether, 60 c.c.), dry benzene (30 c.c.) was added, and the 
mixture treated gradually with powdered thioxanthone (Davis and Smiles, J., 1910, 97, 1296) (6 g.). 
The solution became yellow and a yellow precipitate formed ; the mixture was refluxed for one hour, 
set aside overnight, poured into ice-cold dilute hydrochloric acid, extracted with ether, the extract dried, 
and the ether-benzene mixture evaporated. The residue, washed with cold ethyl alcohol and 
recrystkllised from hot ethyl alcohol, had m. p. 191 — 192° (Found : C, 81*1 ; H, 4*3 ; S, 8*8. CgaHjeOS 
requires C, 81*2; H, 4*7; S, 9*4%). Q-a-Naphthylthioxanthkydrol was soluble in cold benzene, ether, 
and hot ethyl alcohol, and gave a red colour with sulphuric acid. It was reduced as in the preceding 
case, and the colourless 9-a-naphthylthioxanthen crystallised from benzene with one molecule of 
solvent of crystallisation, m. p. 77° (Found : C, 86*7; H, 5*5; S, 7*9. C23HiaS,CflHe requires C, 86*6; 
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H, 6*4; S, 7*9%). It was freely soluble in benzene, but difficultly soluble in ethyl alcohol; it gave no 
colour with sulphuric acid. 

This xanthen was insolated for 4 days (February). The colourless crystals that separated, 
recrystallised from benzene-light petroleum (b. p. 30 — 50®), had m. p. 176® (efferv.). ^-orNaphthyU 
thioxanthyl peroxide (Found: C, 8T1; H, 4-4; S, 8‘8. 04^11,50282 requires C, 81*4; H, 4*6; S, 9’4%) 
is slightly soluble in hot benzene and soluble in hot xylene and gives a violet colour with sulphuric acid. 

(3) Q-m-Tolylxanthen. ^-m-Tolylxanthhydrol, prepared substantially as for 9-a-naphthylthio- 
xanthhydrol but from w-tolylmagnesium bromide (magnesium, 1*2 g. ; rn-bromotoluene, 9 g. ; dry 
ether, 30 c.c. ; dry benzene, 30 c.c.) and xanthone (6 g.), separated from benzene in colourless crystals, 
m. p. 149® (Found: C, 82*8; H, 5*6. C,oHj,0, requires C, 83-3; H, 6*6%). It was soluble in hot 
benzene and difficultly soluble in light petroleum (b. p. 30 — 60®) and gave a red colour with sulphuric 
acid. 

Reduction of 9-m-tolylxanthhydrol was carried out as for the naphthyl analogue. The colourless 
^-m-tolylxanthen, crystallis6d from ethyl alcohol, had m. p. 98® (Found : C, 88*1; H, 6*6. C,oHi,0 
requires C, 88*2 ; H, 5*9%). It was difficultly soluble in cold ethyl alcohol, but soluble in hot ethyl 
alcohol or hot benzene ; it gave no colour with sulphuric acid. 

9-m-Tolylxanthen was insolated for 38 days (February — March), during which the benzene solution 
became yellow. The colourless crystals, obtained by evaporation of the benzene, followed by washing 
with absolute ethyl alcohol, were recrystallised from benzene-ethyl alcohol and had m. p. 206°. The 
peroxide (Found : C, 83*2; H, 6*4. C40HJ10O4 requires C, 83*6; H, 5*2%) was soluble in cold benzene, 
but insoluble in hot ethyl alcohol ; it gave a yellow colour with sulphuric acid. 

(4) ^-^-Tolylxanthen, Reduction of 9-j^-tolylxanthhydrol (Gomberg and Cone, Annalen, 1909, 870, 
164) was carried out as above. The colourless 9-^-tolylxanthen, crystallised from ethyl alcohol, had 
m, p. 116° (Found : C, 87*7; H, 6*9. Calc, for C2oHi,0 : C, 88*2; H, 6*9%) (Kovache, loc. cit., gives 
m. p. 116°). It gave no colour with sulphuric acid. 

9-/>-Tolylxanthen was insolated for 2 days (April). Colourless crystals, which began to separate 
after a few hours, were finally recrystallised from benzene; m,. p. 217 — 218® (decomp.) (Found : C, 83*3; 
H, 6*6. Calc, for C40H30O4 : C, 83*6 ; H, 6*3%). Gomberg and Cone (loc. cit., p. 166) give m. p. 212® (not 
sharp) for the peroxide. It dissolved with difficulty in light petroleum (b. p. 30 — 50°) and gave a 
brownish-red colour with sulphuric acid. 

(6) ^-p-Methoxyphenylxanthen. Reduction of 9-p-methoxyphenylxanthydrol (Gomberg and West, 
J. Amer. Chem. Soc., 1912, 34, 1528) was carried out as for the naphthyl analogue. The colourless 
xanthen, crystallised from ligroin (b. p, 70 — 80°), had m. p. 117° (Found : C, 82*9; H, 5'6. Calc, for 
CjoH^eOj : C, 83*3; H, 6*6%) (Kovache, loc. cit., gives m. p. 115°). It gave no colour with sulphuric 
acid. 

9-^-Methoxyphenylxanthen was insolated for 30 days (February — March). The colourless crystals 
that separated were recrystallised from xylene, m. p. 205° (decomp. ; dark brown melt) (Found : C, 
79*1; H, 5*2. Calc, for C40H30O4 : C, 79*2; H, 4*9%). Gomberg and West (loc. cit.) give m. p. 214° 
(decomp.) for ^-methoxyphenylxanthyl peroxide. It was soluble in boiling benzene and toluene, 
slightly soluble in cold benzene, and insoluble in light petroleum (b. p. 30 — 60°), and gave a red-brown 
colour with sulphuric acid. 

(6) 9-Bemylxanthen. 9-Benzylxanthen (Decker, loc, cit.) (2 g.) was insolated for four months (April — 
August) in the presence of air. On slow evaporation of the benzene solution, it was recovered practically 
unchanged. 

(c) Photochemical Reaction between Phenanthraquinone and Aromatic Aldehydes. — (i) 2 : ^-Dimethoxy- 
henzaldehyde. Phenanthraquinone (1 g.) and the aldehyde (0*8 g.) in benzene (30 c.c.) were exposed to 
sunlight for 10 days (August), The colourless crystals that separated were washed with small amounts 
of cold benzene and crystallised from benzene, from which the 2 : ^-dimethoxyphenylhydroxymethylene 
ether of 9 : lO-dihydroxyphenanthrene (XIa) separated in colourless needles, m, p. 223° (red brown melt) 
(Found : C, 73*4; H, 4*8. CaaHigOj requires C, 73*8; H, 4*8%). It was soluble in hot chloroform and 
benzene and difficultly soluble in hot ethyl alcohol ; it gave a green colour with sulphuric acid. 

(ii) Cuminaldehyde. Phenanthraquinone (1 g.) and cuminaldehyde (0*7 g.) in benzene (30 c.c.) were 
exposed to sunlight for 6 days (September). The resulting colourless crystals, recrystallised from 
ligroin (b. p. 80 — 90°), had m. p. 168 — 170° (decomp. ; red melt). The benzene solution on concentration, 
gave a further amount of the cuminylhydroxymethylene ether of 9 ; lO-dihydroxyphenanthrene (XIr) 
(Found : C, 80*1; H, 6*3. C24Hao^s requires C, 80*9; H, 6*6%), It was difficultly soluble in cold 
ethyl alcohol, but soluble in hot benzene ; it gave an olive-green colour with sulphuric acid. 

(iii) 2-MethoxyA-naphthaldehyde. Phenanthraquinone (1 g.) and 2-methoxy-l-naphthaldehyde 
(0*9 g.) in benzene (30 c.c.) were exposed for 10 days (September). The benzene was evaporated in a 
vacuum, and the residue washed with hot ethyl alcohol and crystallised from ligroin (100 — 150°), forming 
colourless crystals, m. p. 190° (orange melt) (Found : C, 79*1; H, 4*6. C„H igO* requires C, 79*1 ; H, 
4*6%). The 2-methQxyA-naphthylhydroxymethylene ether of 9 : 10-dihydroxyphenanthrene (XI6) was 
soluble in benzene and difficultly soluble in hot ethyl alcohol ; it gave a green colour with sulphuric acid. 

(d) Action of Sunlight on Diphenyl Trihetone. — Diphenyl triketone (2 g.) (Org. Synth., Coll. Vol. 2, 
p. 244) in benzene (20 c.c.) was exposed to sunlight for 21 days (May). The benzene solution on 
evaporation in a vacuum, gave a yellow residue. The latter, on crystallisation from ligroin (b. p. 70 — 80°) 
gave yellow crystals, m. p. 95°, proved to be benzil (m. p. and mixed m. p.) ; yield ca. 70%. The dark 
experiment was negative. 

Faculty of Sciencb, Fouad I University, 

Abbassia-Cairo, Egypt. 


[Received, November hth, 1946.] 



[ 1947 ] The Crystal Structure of the Orthorhombic Modification, etc. 1001 

187 . The Crystal Structure of the Orthorhombic Modification of 
1 : 2 : 6 : Q-Dibenzanthracene. A Quantitative 'K-Bay Investigation. 

By J. Monte ATH Robertson and J. G. White. 

The crystal and molecular structure of the orthorhombic modification of 1 : 2 : 5 : 6-dibenz- 
anthracene has been determined by quantitative A'-ray analysis. The molecular arrangement 
in the crystal is quite different from that found for other aromatic hydrocarbons (e.g., 
anthracene, coronene, or pyrene). There are four molecules in the unit cell and these each 
possess an exact centre of symmetry (space-group Pcah) . The molecules lie approximately in 
layers along the 200 planes, to which they are tilted at an angle of about 31° ; 9 out of the 11 
carbon atoms are separately resolved in the Fourier maps, and the bond lengths connecting 
these atoms can be directly measured. These vary from 1*38 to 1*45 a. 

An approximate calculation of the bond distances from the 12 stable valency-bond structures 
for dibenzanthracene is given, but there is less agreement with the observed values than was 
found in coronene and pyrene. 

Unfortunately, the accuracy is not likely to be quite as high as in the other structures 
mentioned above. In the central ring of the molecule the resolution is good and here the error 
should not exceed ± 0-02 a. In the outer parts of the molecule the bond -length variations 
(Fig. 3) must be considered rather doubtful. It is shown, however, that the co-ordinates given 
lead to better structure factor agreements than can be obtained from any regularised model. 

Recent AT-ray measurements on coronene and pyrene (Robertson and White, /., 1945, G07; 
this vol., p. 358) have established that the carbon-carbon bond lengths vary slightly in different 
parts of these molecules. These variations are small, in fact, not much greater than the possible 
experimental error under present conditions ; nevertheless, the variations do seem to conform to 
a fairly definite pattern which is capable of at least partial explanation in terms of the more 
important structures which contribute to the normal states of these molecules. 

We have now extended our measurements to 1:2:5: 6-dibenzanthracene. This 
hydrocarbon exists in two distinct crystalline modifications, monoclinic and orthorhombic. 
Preliminary data for the monoclinic form have been given by Iball and Robertson [Nature, 
1933, 182, 750). The orthorhombic form, with which we are concerned in the present paper, 
was first described by Krishnan and Banerjee (Z. Krist., 1935, 91, 170, 173), who studied the 
magnetic anisotropy of the crystal and from their measurements of the magnetic susceptibilities 
were able to deduce the approximate orientation of the molecules. Accurate values for the cell 
dimensions, and a determination of the space-group have been given by Iball (Nature, 1936, 137, 
361), but detailed atomic positions have not been given by any of these authors. 

The crystal structure and molecular arrangement in orthorhombic dibenzanthracene differs 
from that of both the coronene and the pyrene structures. Like coronene, the molecules are 
found to display an exact centre of symmetry and to this extent the analysis is simplified. 
However, the unit cell contains four complete molecules and their mutual arrangement (see 
Figs. 1 and 2) makes it impossible to obtain resolution of all the atoms in any projection of the 
structures. In this respect the results obtained from the present two-dimensional analysis 
resemble the pyrene results, and they should similarly be regarded as a preliminary analysis, 
carried out with as much accuracy as possible, which must be undertaken before any further 
refinement by more elaborate three-dimensional methods can be attempted. In the present 
case the most favourable Fourier projection of the structure (Fig. 1) shows separate resolution of 
nine out of the eleven crystal lographically independent carbon atoms, and direct measurements 
of these positions can be made. The results indicate certain bond-length variations, as shown 
in Fig. 3. These figures represent the most probable values, but they are unfortunately subject 
to certain errors. The accuracy in the central ring should be reasonably high, the errors here 
probably not exceeding ± 0*02 a. In the other parts of the molecule the observed bond-length 
variations must be considered rather doubtful. 

Description of the Structure. — Crystal data. 1 : 2 : 5 : 6-Dibenzanthracene, C22H14; M, 
278*3; m. p. 267*5°; d, calc. 1*294, found 1*282; orthorhombic bipyramidal, a = 8*22, 
b =a: 11*39, c = 15*14 A. (Iball). Absent spectra, (Okl) when I is odd, (hOl) when h is odd, 
(A^O) when ^ is odd. Space-group DJJ (or jJJ®) (P^:a6). Four molecules per unit cell. Molecular 
symmetry, centre. Volume of the unit cell, 1418 a.®. Absorption coefficient for AT-rays, 

X « 1*54 A., II = 6*78 cm.-i; X = 0*71 a., p = 0*86 cm.“^ Total number of electrons per unit 
cell =:* F (000) =: 684. 

Structure analysis. The space-group Pcah with only four molecules in the unit cell requires 
that the molecules must possess centres of symmetry which coincide with the crystallographic 
centres of symmetry. The asymmetric unit may therefore be taken as one half of the chemical 
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molecule, or eleven carbon atoms, if we neglect the hyxirogen atoms. As a first approximation 
a regular planar structure was assumed, according to the usual chemical formula. 

The magnetic measurements of Krishnan and Banerjee (loc, ciU) give the tilt of the molecular 
plane to the be plane as 29°, and these authors predict that the long axis of the molecule (L in 
Fig. It) probably lies along the c axis of the crystal. The first of these observations is probably 
fairly accurate, but the second can only be an approximation. Now, the strength of the (200) 
reflection (F = 163) suggests that if the molecular plane is inclined at about 30° to the he plane, 
as the magnetic measurements suggest, then the line of zero tilt in the molecule must be its 
longest axis, that is, the molecular axis L must lie in, or very nearly in, the he plane. 

Bearing these factors in mind, only one degree of freedom remains to be fixed, the angle which 
L makes in the he projections with the crystal axis c (or 6). A suitably drawn projection of the 
molecules may then be pivoted about the centre of symmetry in the he plane and the effect of 
various positions on the (OkT) structure factors may be tested by inspection or simple calculation. 
In practice the (020) structure factor was used as an index, as its low value (F = 24) makes it 
extremely sensitive. When the molecular axis L is made to coincide with the crystal axis c the 
calculated value of this structure factor is much too large, but it can be brought to the correct 
value by a rotation of about 16° away from the e direction. , A further small rotation would make 


Fig. 2. 



this structure factor pass through zero and assume a negative value, but this possibility can be 
ruled out by the calculation of certain other structure factors. 

Detailed calculations on this basis gave reasonably good agreements between the measured 
and the calculated values of all the structure factors, and it was possible to proceed immediately 
to further refinement of the atomic positions by Fourier series methods. Two successive Fourier 
syntheses of the (0^/) zone were carried out, 60 terms being included in the first, and 56, all the 
reflections which could be observed in this zone, in the second. The results of this final synthesis 
are given by the contour map of Fig. 1(a), from which it can be seen that nine out of the eleven 
crystallographically independent atoms are resolved. The other tw^o atoms, C and I, are 
obscured by the overlapping of related atoms in adjoining molecules as indicated in Fig. l{h). 

The y and z co-ordinates finally adopted were obtained from those actually measured on this 
map after a correction for incompleteness of tlie Fourier series due to Booth (Nature, 1946, 166, 
61), In this method a Fourier synthesis of the same zone is carried out using the calculated 
instead of the observed values of the structure factors and omitting all terms which are omitted 
in the final Fourier S 3 mthesis. The resulting map was found to give certain small changes in the 
atomic positions and these shifts were added to the observed co-ordinates but with opposite 
sign. This led to a slight improvement in the agreements between the measured and the 
calculated values of the structure factors, as described below (Experimental Section). 

The X co-ordinates of the atoms cannot be obtained directly, as the other possible projections 
would give little information because of overlapping effects. These co-ordinates can only be 
calculated on the assumption that the molecule is planar, but this assumption is well supported 
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by the agreements obtained between the calculated and the observed values of the structure 
factors for the other two zones. 

A complete picture of the crystal symmetry may be obtained by considering Fig, 1 in 
conjunction with Fig. 2, which shows diagrammatically the projection along the h axis. 

Orientation, co-^ordinates, and dimensions. By assuming a planar molecule and averaging 
certain distances as described more fully in the Experimental Section, it is possible to calculate 
the orientation of the molecule. The results are given in Table I, where and co are the 
angles which the molecular axes L and M [Fig. 1 (6)] and their perpendicular, N, make with the 
a, h, and c crystallographic axes. These results give the inclination of the molecular plane to the 
(100) plane, expressed by as 31*3® in reasonably good agreement with the value of 29® 
predicted by Krishnan and Banerjee (loc. cit.). 


Table I. 


92 r 
= 106- 1° 
WL = ~16-2® 


Orientation of the molecule in the crystal. 


cosyz » — 0*0374 
costfii = —0-2771 
cos a»z — 0-9601 

31-3® 
t/fjr = 120-5® 
wy == 96-5® 


= 68 - 8 ° 

•frju = 35-3® 
o)jf == 75-2® 

cos xir = 0-8545 
cos ijfy ^ ~ 0-6069 
cos Oiy = —0-1130 


cos vjf = 0*6180 
cos « 0*8162 
cos cojf = 0*2558 


The co-ordinates with respect to the crystal axes are collected in Table II ; yi and are the 
co-ordinates of the resolved: atoms measured directly from the Fourier projection, while y^ and 
are the values finally adopted after correction for the incompleteness of the Fourier series. It 
will be seen that the difference is small. The co-ordinates of the two atoms C and I which 
cannot be directly measured are those which the atoms would have in a regular hexagonal 
molecule in the above orientation. These positions are in agreement with the appearance of 
the double peaks shown in Fig. 1(a) but the centres cannot be assigned with any great certainty. 

Table II lists the co-ordinates {x, y, z) for the eleven carbon atoms in the asymmetric crystal 
unit ; the co-ordinates of all the other atoms in the unit cell may be obtained from these by the 
relations appropriate to the space-group Pcab, viz., 

± {x, y, z; 1/2 + 1/2 - y, r; 1/2 + y, 1/2 - 1/2 - at, y, 1/2 + z) 


Table II. 


Cchordinates. 
Atoms [cf. 


Centre of symmetry as origin; y^ and Zx are co-ordinates measured directly, y* and 
co-ordinates adopted after correction. 


Fig, 1(6)]. 

X, A. 

yx* A. 

A 

-0-216 

-1*580 

B 

0-444 

-0*380 

C 

0-604 

0-020 

D 

-0-096 

-0-776 

E 

-0-028 

-0*370 

F 

0-600 

0-786 

G 

0-647 

M98 

H 

1-328 

2-400 

/ 

1-381 

2-794 

J 

0-769 

1-980 

K 

0-827 

2-380 


yt> A. 

Zi, a. 

Zi, A. 

-1-584 

6*465 

6-476 

-0-392 

6-094 

6-108 

0-020 

3-723 

3-723 

-0-770 

2-738 

2-740 

-0-354 

1-382 

1-392 

0-794 

0-992 

0-978 

1-172 

-0-384 

-0-376 

2-404 

-0-760 

-0-740 

2-794 

-2-097 

-2-097 

1-978 

-3-076 

-3-063 

2-388 

-4*452 

-4-448 


27rAr/a. 

27»ya/6. 

27rzjc. 

- 9-4® 

~60-r 

130-3‘ 

19-4 

-12-4 

121-4 

22-1 

0-6 

88*5 

- 4-2 

-24-3 

66-1 

- 1-2 

-11-2 

33-2 

26-2 

25-0 

23-3 

28-3 

37-1 

- 8-9 

68-2 

76-0 

- 17-6 

60-5 

88-3 

— 49*8 

33-7 

62-6 

- 73-0 

36-2 

76-3 

-106-9 


The molecular dimensions and bond lengths may be calculated from these co-ordinates and 
are paphically in Fig. 3. The ringed atoms are those separately resolved in Fig. 1, and 

the bond distances be^een these atoms are the only ones which can be obtained directly. 

From the orientation of the molecule and the co-ordinates given in Table II the molecular 
co-ordinates of the atoms may be calculated and these are collected in Table III. 

Intermolecular distances. The closest distance of approach between atoms of difierent 
niolecules occurs between the standard molecule and the reflected molecule at (1/2 — x, y, 
1/2 -F z). Between C on the standard molecule and J on this reflected molecule the distance is 
3*64 A., while between F and A' the atoms are 3*66 a. apart. Other distances in this direction 
are CD' 3*76 a., CK 3*71 a., EB' 3*87 a., and FK 3*78 a. The distances are not quite so dose 
between the first molecule and the reflected molecule at 1/2 -f- 1/2 — y, x, where the atom I 

on the standard molecule is 3*69 a. from D' on the reflected molecule, 3*75 a. from /, and 3*82 a. 
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Table III. 


Co-’Ordinates with respect to molecular axes. 


Atom. 

L, a. 

M, a. 

N, a. 

Atom. 

T, a. 

M, a. 

a 

A 

6-703 

-0-003 

0 

G 

-0-708 

1-196 

0 

B 

4-996 

1-218 

0 

H 

-1-427 

2-460 

0 

C 

3-550 

1-230 

0 

/ 

-2-840 

2-460 

0 

D 

2-847 

0-023 

0 

J 

-3-520 

1-229 

0 

E 

1-435 

0-050 

0 

K 

-4-964 

1-240 

0 

F 

0-696 

1-209 

0 






from E\ All other pairs of atoms are more than 4 a. apart, and the distances given above are 
just about the same as the usual intermolecular distances encountered in hydrocarbon structures. 

It will be noted that in the dibenzanthracene structures all the primitive translations are 
greater than 8 a., and we do not encounter pairs of molecules which directly overlie one another 
as in the phthalocyanine, coronene, or pyrene structures. It is therefore not profitable to 
discuss the normal projections of pairs of parallel molecules in this case, because they are widely 
separated and interleaved with parts of other differently oriented molecules. 

Fig. 3. 

M 

k 

I 

I 

I 



Dimensions of the molecule o/ 1 : 2 : 5 : ^-dibenzanthracene. 

Discussion of Results , — ^The bond-length measurements given in Fig. 3 vary from 1*38 to 
1*46 A., a slightly larger range than that found in coronene, and about the same as that found in 
P 5 n:ene (Robertson and White, loc, cit,). Unfortunately, the accuracy obtained in the present 
investigation is not likely to be quite as high as in these other structures. The unusually large 
values found for GH, JK, and KA' are very difficult to assess, as the atoms H and K are so 
distorted by their proximity to the corresponding atoms in the reflected molecule that their 
centres are rather more uncertain than those of the other resolved atoms. These bond lengths 
must therefore be considered as rather doubtful. The central ring, however, is quite free from 
any such distorting effects, and here the maximum error in the bond lengths should not be 
greater than i 0*03 a., and probably does not exceed i 0*02 a. The bond GE is, therefore, 
probably longer than the other two independent bonds in this ring, which are both very close to 
the benzene value of 1*39 a. 

Beyond this fairly definite conclusion little can be said with certainty. It will be noted that 
the dibenzanthracene molecule contains no symmetry element apart from the centre that can be 
used to average the bond lengths into any system of groups, as was done for coronene. However, 
the measurements recorded in Fig. 3 do receive a measure of general support from the very 
satisfactory agreements obtained between the observed and calculated values of the structure 
factors (Table IV). These agreements are better than can be obtained from any regular model 
placed in the same orientation. 

For comparison with the results obtained for coronene and pyrene (Robertson and White, 
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loc^ ciU) we give below the calculated values of the bond lengths worked out on the same basis 
as in the previous papers# In this calculation the 12 stable valency bond structures for 
1:2:5: 6-dibenzanthracene, (I) — (VI) and six other structures derived from these by inversion 
through the centre of symmetry, are regarded as making equal contributions to the normal 
.5tate of the molecule. 








(I.) 


a 


(II.) 









(IV.) 


A/\/ 




(V.) 


CCu 


(VI.) 


By counting the number of times that any^given bond is a double bond, we may compute the 
percentage double-bond character for each link. This is shown in (VII), and in (VIII) the 
corresponding distances are given, as derived from the empirical Pauling-Brockway curve 
(/. Amer. Chem, Soc,, 1937, 59, 1223). The measured values as derived from the present 
analysis are repeated in (IX). 

58/'\42 

At) ^ 


/ 


//\lS9 X \1-4X 
/ \ /1.48 V 


A\i'46 / 

48 

11-41 



.17 6o/\v50 17/\42 / 

NX \X" 


17 


(VII.) 


(VIII; Calc.) 




A\i.46 /\ii 




(IX; Obs.) 


It will be noted that in the central ring tliere is a rather striking qualitative resemblance 
between the calculated and the observed values. In the rest of the molecule, however, there 
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Shorter than the benzene value and found experimentally longer than the graphite distance. 
As stated above, the position of K is rather uncertain, and under such conditions agreement 
could not be expected. 

Structures (I) and (II) each contain four benzenoid rings, (III) and (IV) each contain three, 
and (V) and (VI) each contain only two, the remaining rings being quinonoid in type. If we 
attempt to apply the Fries rule, by preferring those structures which contain the largest number 
of benzenoid rings, the effect on the above calculations is disappointing. The bond lengths in 
the central ring tend to become equalised at the benzene value of 1*39 a., and in the other parts 
of the molecule more extreme values are obtained, which are not in agreement with the 
observations. 

While lack of agreement in the outlying parts of the molecule may be due to experimental 
error to some extent, it should be noted that no rigorous theoretical derivation of bond lengths 
in a molecule of this shape has yet been made. It is possible that the excited structures 
(completely neglected in the above treatments) may play an appreciable part in such an 
asymmetric molecule, while in more symmetric molecules of the coronene t3q)e they may be 
relatively less important. 

The calculated average value for the bond lengths in (VIII) is 1*41 a., while the experimental 
average is T42 a. The latter figure is, surprisingly, rather larger than that usually found in 
polycyclic aromatic hydrocarbons. It would, however, be necessary to determine the primitive 
translations of the crystal with greater accuracy before attaching undue importance to this 
average figure. 

Experimental. 


yi-llay Measurements . — Most of the X-ray work was carried out photographically with Cu-Ka 
radiation (A = 1-54), using rotation, oscillation, and moving-film methods. In addition, certain 
absolute measurements were made on the ionisation spectrometer, using monochromatic copper and 
molybdenum radiation. 

Fig. 4. 



Co-ordinates assigned to the resolved atoms in the be projection of dihenzanthracene. 


Some very beautifully formed specimens of the crystals were supplied by Dr. Iball, crystallised from 
ethyl acetate. These crystals appear to be remarkably stable and are little affected by exposure to 
X-rays ; we have used some of them for many years as sub-standards for calibration purposes in absolute 
intensity work. 

For the present investigation the intensity work was carried out mainly on three different specimens, 
which weighed 0*116, 0*081» and 0*0666 mg., respectively. These specimens were selected so that on 
rotation the path of the X-ray beam in the crystal did not vary by more than about 0*2 mm., and relative 
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Table IV. 

Measured and calculated values of the structure factor » 


hkL 

sin $ 

(A 1-54). 

002 

0102 

004 

0*203 

006 

0*303 

008 

0*407 

00,10 

0*508 

00,12 

0*610 

00,14 

0*711 

00,16 

0*812 

00,18 

0*916 

020 

0*135 

040 

0*270 

060 

0*406 

080 

0*541 

0,10,0 

0*676 

0,12,0 

0*810 

0,14,0 

0*946 

200 

0*188 

400 

0*375 

600 

0*562 

800 

0*749 

012 

0*122 

022 

0*169 

032 

0*227 

042 

0*289 

052 

0*354 

062 

0*419 

072 

0*484 

082 

0*551 

092 

0*617 

0,10,2 

0*684 

0.11.2 

0*750 

0,12,2 

0*817 

0,13,2 

0*883 

0,14.2 

0*952 

014 

0 214 

024 

0*244 

034 

0*287 

044 

0*338 

054 

0*394 

064 

0*454 

074 

0*515 

084 

0*578 

094 

0*642 

0.10.4 

0*707 

0,11,4 

0*772 

0,12,4 

0*835 

0,13,4 

0*901 

0.14.4 

0*968 

016 

0*311 

026 

0*333 

036 

0*366 

046 

0*407 

056 

0*456 

066 

0*508 

076 

0*663 

086 

0*621 

096 

0*681 

0,10.6 

0*740 

0.11,6 

0*796 

0,12.6 

0*867 

0,13,6 

0*930 

0,14.6 

0*994 

018 

0*410 

028 

0*427 

038 

0*454 


F, meas. 

F, calc. 

60 

-49 

13 

-14 

10 

+ 16 

30 

-27 

16 

-19 

< 5 

- 6 

< 5 

+ 3 

< 4 

+ 2 

< 3 

- 3 

24 

+ 34 

55 

+ 50 

10 

— 7 

15 

- 6 

< 5 

0 

< 4 

- 1 

< 3 

+ 2 

153 

+ 170 

7 

- 5 

< 5 

~ 3 

5 

- 8 

28 

+ 35 

4 

- 2 

43 

-36 

40 

-38 

37 

+30 

45 

-43 

< 4 

— 7 

< 4 

- 1 

< 6 

- 2 

< 5 

+ 2 

< 5 

- 3 

5 

— 6 

6 

+ 6 

< 3 

- 3 

26 

+ 22 

4 

+ 5 

34 

-29 

4 

— 5 

6 

+ 4 

7 

+ 13 

4 

+ 4 

< 4 

— 6 

11 

+ 11 

24 

+ 23 

26 

+ 23 

< 4 

+ 3 

< 4 

- 2 

< 2 

+ 2 

19 

+ 23 

35 

-27 

36 

+33 

29 

-28 

40 

-40 

19 

-19 

5 

+ 6 

< 5 

- 2 

6 

- 4 

4 

- 7 

< 5 

-12 

< 4 

- 1 

< 3 

- 1 

< 2 

— 2 

20 

+ 21 

< 3 

+ 2 

21 

-25 



sin d 

hkl. 

(A == 1*54) 

048 

0*488 

058 

0*629 

068 

0*574 

078 

0*624 

088 

0*677 

098 

0*731 

0,10,8 

0*789 

0,11,8 

0*848 

0,12,8 

0*906 

0,13,8 

0*968 

01,10 

0*510 

02,10 

0*624 

03,10 

0*545 

04,10 

0*573 

05,10 

0*608 

06,10 

0*648 

07,10 

0*693 

08,10 

0*740 

09,10 

0*793 

0,10,10 

0*847 

0,11.10 

0*901 

0,12,10 

0*957 

01,12 

0*611 

02,12 

0*623 

03,12 

0*641 

04,12 

0*665 

05,12 

0*696 

06,12 

0*731 

07,12 

0*712 

08,12 

0*815 

09,12 

0*861 

0,10,12 

0*910 

0,11,12 

0*962 

01,14 

0*712 

02.14 

0*721 

03,14 

0*738 

04,14 

0*760 

05.14 

0*787 

06,14 

0*818 

07,14 

0*854 

201 

0*194 

202 

0*212 

203 

0*240 

204 

0*275 

205 

0*314 

206 

0*356 

207 

0*400 

208 

0*446 

209 

0*492 

20,10 

0*539 

20,11 

0*587 

20,12 

0*635 

20,13 

0*684 

20,14 

0*732 

20.15 

0*786 

401 

0*378 

402 

0*388 

403 

0*405 

404 

0*426 

406 

0*453 

406 

0*482 

407 

0*616 

408 

0*661 

409 

0*590 

40,10 

0*630 

40,11 

0*671 , 

40,12 

0*714 


F, meas. 

F', calc. 

7 

+ 4 

5 

+ 8 

8 

+ 12 

28 

-27 

34 

+31 

13 

-14 

< 5 

0 

< 4 

0 

< 3 

- 3 

< 2 

- 2 

8 

+ 7 

7 

- 6 

4 

+ 2 

6 

-11 

< 6 

+ 8 

< 5 

+ 6 

6 

- 6 

9 

-11 

< 5 

0 

< 4 

+ 1 

< 4 

0 

< 3 

— 2 

8 

+ 7 

31 

+42 

27 

+ 32 

9 

+ 9 

< 6 

+ 1 

4 

+ 3 

< 5 

+ 4 

< 4 

+ 2 

< 4 

- 1 

< 3 

- 2 

< 3 

- 1 

< 5 

- 2 

13 

-14 

8 

+ 8 

< 5 

- 3 

< 6 

0 

< 4 

- 1 

< 4 

— 4 

52 

+54 

60 

-41 

9 

+ 11 

10 

-13 

7 

- 6 

< 6 

+ 5 

41 

+36 

18 

-12 

< 7 

+ 3 

< 7 

+ 6 

30 

+37 

14 

+ 14 

13 

-14 

< 8 

+ 4 

7 

+ 6 

17 

-18 

< 6 

+ 4 

23 

-20 

36 

-37 

9 

-12 

7 

+ 2 

14 

+ 10 

< 7 

+ 8 

15 

-13 

< 8 

+ 1 

28 

+29 

15 

+16 
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Table IV. — continued. 

Measured and calculated values of the structure factor. 


sin B sin B 


hhl. 

(A « 1*64). 

F, meas. 

F, calc. 

hkl. 

(A = 1*64). 

F, meas. 

F, 

calc. 

40,13 

0*760 

< 8 

+ 1 

260 

0*448 

13 

+ 

15 

40,14 

0*800 

< 8 

- 6 

280 

0*674 

13 

— 

7 

40,16 

0*863 

10 

4- 6 

2,10,0 

0*703 

< 9 

— 

3 

601 

0*566 

12 

-14 

320 

0*312 

76 

— 

76 

602 

0*670 

10 

+ 10 

340 

0*389 

16 

+ 

15 

603 

0*582 

9 

+ 11 

360 

0*494 

< 7 


2 

604 

0*597 

39 

-31 

380 

0*610 

19 

+ 

15 

606 

0*616 

8 

- 9 

3,10.0 

0*733 

16 

+ 

7 

606 

0*638 

< 8 

+ 3 

420 

0*399 

60 

+ 

60 

607 

0*664 

< 8 

- 2 

440 

0*463 

10 


9 

608 

0*691 

< 8 

+ 4 

460 

0*553 

9 

+ 

6 

609 

0*722 

< 8 

+ 3 

480 

0*669 

< 8 

+ 

2 

801 

0*763 

< 8 

0 

4,10,0 

0*773 

15 


9 

802 

0*760 

< 8 

- 2 

620 

0*487 

20 

— 

19 

803 

0*766 

16 

+ 12 

540 

0*541 

< 8 


12 

804 

0*780 

10 

- 6 

660 

0*620 

16 

+ 

16 





580 

0*716 

< 9 

0 

120 

0*166 

71 

- 7] 

5,10,0 

0*823 

11 

+ 

7 

140 

0*287 

36 

+ 34 

620 

0*578 

9 

— 

10 

160 

0*417 

17 

- 20 

640 

0*624 

14 

+ 

11 

180 

0*649 

21 

+ 19 

660 

0*693 

7 


7 

1,10,0 

0*682 

< 8 

0 

680 

0*780 

< 8 

+ 

4 

220 

0*232 

108 

+ 108 

720 

0*670 

< 8 


0 

204 

0*330 

10 

- 8 

740 

0*710 

< 9 

_ 

2 


absorption corrections for different reflections in the same zone were neglected. Most of the intensities 
were measured from calibrated films, using an integrating photometer of the type described by Robinson 
(/. Sci. Instr,, 1933, 10, 233). Only a few of the weakest reflections were estimated visually. 

The absolute measurements were made directly on the ionisation spectrometer, with monochromatic 
rays, and also by means of sub-standards, employing the photographic techniejue (Robertson, ibid., 
1943, 20, 176). The usual formulae and correction factors for mosaic crystal specimens were cmiiloyed. 

Fourier Analysis. — Using the phase constants obtained initially from the trial structures and the 
measured values of F, a double Fourier series was set up according to the usual formulae. The electron 
density was computed at 460 points on the asymmetric unit, the h axis being divided into 60 parts 
(intervals of 0*190 a.) and the c axis into 60 parts (intervals of 0*262 a.). The summations were carried 
out by means of three-figure strips (Robertson, Phil. Mag., 1936, 21, 176). The positions of the contour 
lines were obtained by graphical interpolation from the summation totals, by making sections of both 
the rows and columns. The resulting contour map is shown in Fig. 1, the whole unit cell being included. 

Orientation of the molecule and co-ordinates. From an inspection of the observed lengths in projection 
of ED and parallel distances, which can be only very slightly tilted, it was found that the best average 
radius of the hexagons is 1*42 a. With this average value and the assumptions that L and M are at right 
angles and that the molecule is planar, it was possible to calculate the orientation of the molecule with 
respect to the crystallographic axes. 

The distances FG', EH\ and BK' as measured from the projection given in Fig. 1 are 2*102 ± 0*040 a., 
and from the assumed mean radius of the hexagons (1*42 a.) the angle xm which M makes with the a 
crystal axis is obtained as 68*8°. The inclination of L cannot be derived in this way because it is very 
near to 90®. The calculation may, however, be made from thi observed angle between L and M in the 
prqjection. The projected lines ADE, BF, and K'J'G' are inclined at a mean angle of — 16*1° ± 0*6° 
to the c axis, and the lines BK', EH', and FG' make the mean angle of 72*6° ± 0*3® with c. From these 
figures the complete orientation of the assumed regular planar molecule may be obtained by relations 
similar to those already given for the coronene analysis (Robertson and White, loc. cit.). 

The next step consists of assigning the most probable positions to the centres of the resolved atoms, 
without the aid of any regularised model. The positions finally adopted after the Booth corrections for 
incompleteness of the Fourier series, etc., are shown by small crosses in Fig. 4. From these positions and 
the orientation now calculated, the actual molecular co-ordinates may be obtained (Table III), and the 
interatomic distances readily follow. The crystal co-ordinates are given in Table II. 

The structure factors of the (0^/) zone have been recalculated on various assumptions, and the mean 
discrepancy, expressed as 

2 Fmeai. 

has been evaluated with the following results. For a regular hexagonal model with a constant 
carbon-carbon distance of 1*42 a. placed in the best orientation, the discrepancy is 16*1%. For the 
co-ordinates obtained directly from the contour maps (Figs. 1 and 4) without any assumptions about 
regularity (y^, Zi in Table II), the discrepancy is reduced to 16*0%. After the Booth corrections, the 
final values for the co-ordinates, which are used for calculating the bond lengths (y*, -^'2 Table II), give 
a discrepancy of 13*8%. The differences between these figures are small, and their significance is 
difficult to estimate, but they do seem to justify the use of our final co-ordinates as being preferable to 
any set of regularised co-ordinates. 
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In calculating the structure factors the scattering curve formerly used for hydrocarbons (Robertson, 
Proc, Roy, Soc., 1936, A, 150 , 110) was found to be rather unsuitable, as the calculated values for small 
spacing planes were consistently higher than the observed values. For the large spacing planes the 
tendency was for the observed structure factors to be larger than the calculated. In order to keep the 
upper part of the scattering curve at the usual values, all the absolute F's were multiplied by a scale 
correction facb^r of 0*84 and then an empirical scattering curve was drawn for sin ^ 0-6— 0*9. The 
values used for this range are given below (max./* = 100). 


sin ^ (A = 1-64) 0*6 0*6 0-7 0*8 0-9 

/, 23*6 15*0 9*5 7*0 4*6 


The general agreements calculated from the final co-ordinates are quite as good as are usually found 
in this type of analysis. The discrepancies are 13*8% for the (Okl) zone, 12*0% for the (hkO) zone, and 
13*2% for the (AO/) zone. For all structure factors the mean discrepancy is 12*6%. The measured and 
calculated values of the structure factors are collected in Table IV. 

We thank Professor J. W. Cook, F.R.S., and Dr. J. Iball for pure specimens of material used in this 
work, and Dr. Iball for much valuable preliminary data. We are also indebted to the Royal Society for 
a grant which defrayed the cost of some of the apparatus employed. 

Universitv of Glasgow. [Received, November Uh, 1946.] 


188. The Chemistry of Plutonium. 

By B. G. Hakvey, H. G. Heal, A. G. Maddock, and (Miss) E. L. Rowley. 

A survey of some of the chemical and electrochemical properties of plutonium has been 
made. Valency states of 3, 4, and 6 have been established. 

Oxidation and reduction reactions between the different valency states have been 
investigated. The reactions of plutonium ions with some of the commoner organic reagents are 
described. 

Plutonium was discovered late in 1940 by Seaborg, McMillan, Kennedy, and Wahl {Physical 
Rev,, 1946, 69, 366; see also Seaborg, Wahl, and Kennedy, ibid., p. 367). The investigations 
now reported were carried out with about 6 mg. of extracted from neutron-irradiated 
uranium, hlxperiments were carried out either with the plutonium in tracer concentrations, 
or else, by microchemical methods, with plutonium concentrations of the order of 1 mg. per ml. 

*®*Pu is an a- active nucleus with a half-life of 2*4 x 10* yeai*s (Seaborg, Chem, Eng, News; 
1945, 23, 2190). 

I. The Valencies of Phitonium , — Plutonium was investigated in each of three well-defined 
valency states. It appears to be more stable to both mild oxidation and reduction when it 
is in the middle valency state of the three ; in this condition, it was shown to be quadrivalent 
(see Experimental, A). 

Polarographic experiments in plutonium solutions showed the presence of a wave at a 
half-wave potential of + 0*7 volt on the hydrogen scale. It was already known that plutonium 
could be oxidised to a valency state higher than 4, but the observed wave did not appear to 
be sufficiently positive to correspond to this process. It was therefore suspected that the 
wave corresponded to the reduction of plutonium to a state with a valency lower than 4. The 
existence of such a state was immediately confirmed chemically, and its valency was shown to 
be 3 by two methods (Experimental, B, i and ii), and that of plutonium in its highest oxidation 
state was shown to be G by the experiment described under B, iii. 

II. The Electrochemistry of Plutonium, — Plutonium, like uranium, is a base metal and a 
transition element. Electrochemical studies were therefore mainly concerned with the pro- 
cesses of oxidation and reduction between the various valency states, and with complex form- 
ation. Evidence for complex formation is presented elsewhere (Sect. IV). 

The potential of the Pu-Pu(III) couple. No indication of the potential of this couple has 
been obtained. The corresponding couple U-U(III) has a potential which has been estimated 
at — 1*5 volts (European sign convention) (Heal, unpublished work), and it is probable that 
the value for plutonium is not very different from this. 

The potential of the couple Pu(III)~Pu(IV). The potential was determined both by direct 
measurement and polarographically (see C and D). The best characterised waves obtained are 
shown in Figs. 3a, 36, and 3c. In all cases the diffusion current was lower for Pu(IV) than 
for Pu(III) solutions. The explanation of this phenomenon remains obscure. 

The estimates of the molal oxidation-reduction potential given below were taken from the 
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direct determination in the case of sulphuric acid, and from the half-wave potentials in the 
other two cases : • 

In lN-HaS 04 , + 0*72 volt at 23®. In 1 n-HC 1, -f 0*99 volt at 30®. In In-HCIO^, + 0 80 
volt at 23*^. 

These results show that the tervalent plutonium ion is a much less powerful reducing agent 
than the tervalent uranium ion (which liberates hydrogen from water). Indeed, the quadri- 
valent plutonium ion may be reduced to the tervalent state by the quadrivalent uranium ion. 
This reaction was studied polarographically at 30®, with the results recorded in E (Experimental). 

III. The Reactions of Plutonium, — (a) Oxidation-reduction reactions, (i) In aqueous solu- 
tions, Pu(IV) may be reduced to Pu(III) by sulphur dioxide, hydroxylamine hydrochloride, 
the uranous ion, hydrazine hydrochloride, the iodide ion, electrolytically at a platinum cathode, 
or by shaking with mercury in chloride solutions. 

The reaction with sulphur dioxide is slow at room temperature, but in hot solutions it 
goes to completion in about 6 minutes. The reduction of Pu(IV) by the iodide ion is also 
somewhat slow at room temperature in both sulphate and chloride solutions. The titration 
of the liberated iodine does not appear to be a useful method for the routine determination of 
plutonium. 

(ii) Oxidation of Pu(III) by atmospheric oxygen is fairly rapid, and solutions of Pu(III) 
salts are completely oxidised to Pu(IV) on two or three evaporations to dryness in an open 
vessel in air. However, Pu(III) solutions arc stable in an inert atmosphere. Permanganate 
oxidises Pu(III) quantitatively to Pu(IV) at room temperature in acid solutions. At 60°, 
the plutonium is oxidised to the sexavalent state. 

(iii) In tracer concentrations of plutonium, the following oxidising agents were found to 
oxidise the Pu(IV) ion to the sexavalent state : hot potassium permanganate, potassium 
dichromate, argentic salts (including sodium perdisulphate in the presence of silver ions), and 
ceric ions. The conditions found to give satisfactory oxidation with perdisulphate and silver 
ions in these experiments are set out in section F (Experimental). 

In concentrations of about 1 mg. per ml., Pu(IV) was oxidised to the sexavalent state by 
the following reagents : potassium permanganate in hot acid solution, hot sodium perdisulphate, 
argentic nitrate at room temperature, or hot bromate solutions containing nitric acid. 

(iv) Pu(VI) is reduced to the ter- or quadri- valent state by sulphur dioxide, ferrocyanide 
ions, and hydrogen peroxide. The last reaction is complicated by a subsequent reaction 
between the hydrogen peroxide and the Pu(IV) ion to give a precipitate of a plutonium peroxide 
(see p. 1012). 

(b) Compounds of tervalent plutonium. Solutions of tervalent plutonium salts are bright 
blue. The sulphate, chloride, and perchlorate are readily soluble in dilute acids. On addition 
of an excess of ammonium hydroxide a dirty blue precipitate of plutonium hydroxide is obtained. 
It may readily be redissolved in dilute acids to give solutions of Pu(TIT) salts. 

The fluoride is insoluble in dilute acids, and tracer amounts of tervalent plutonium may be 
removed from solution by coprecipitation with lanthanum fluoride in the presence of hydro- 
fluoric acid. 

In the presence of hydroxylamine hydrochloride (to keep the plutonium in the reduced 
state), Pu(III) can be precipitated on a carrier of lanthanum oxalate. The removal of plutonium 
from the solution, however, was only 75% complete. The plutonium could be removed from 
the lanthanum oxalate carrier by washing with hot ammonium oxalate solution. It was not 
removed by ammonium oxalate solution at room temperature. 

In acetate buffers at pH’s of 3*6 and 5*6 it was found that Pu(IV) was much more com- 
pletely removed from solution on a precipitate of bismuth oxychloride than was Pu(ITT); 
Pu(IV) ions therefore appear to be much more readily hydrolysed in solution than Pu(ITI) 
ions. To prevent losses of plutonium by adsorption on to glass, it is always necessary to work 
in acid solutions : pH < 1 is normally safe. 

Pu(III) cannot be removed from acid solutions by coprecipitation with zirconium and 
one of the typical reagents for quadrivalent ions such as phenylarsonic acid or m-nitrobenzoic 
acid. Since Pu(IV) may readily be precipitated under these conditions, this enables a 
separation of Pu(III) from Pu(IV) to be carried out (see p. 1013). 

(c) Compounds of quadrivalent plutonium. Solutions of the quadrivalent salts of plutonium 
are pale pink, with the exception of the nitrate, whose solutions are green. 

Oxide, PuOj. Ignition of the nitrate, iodate, or hydroxide of quadrivalent plutonium at 
about 500 — 600® 5 rield 9 a dark brown oxide PuOg. In thin layers, the oxide appears to be 
yellow. If prepared by gentle ignition, it may easily be redissolved in hot concentrated 
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sulphuric or nitric acid. If ignited to a bright red heat, it dissolves readily only in potassium 
hydrogen sulphate at a dull red heat. 

Hydroxide. The hydroxide is precipitated on the addition of ammonium hydroxide to 
solutions of Pu(IV) salts. It is a pale green gelatinous substance which can be centrifuged 
very readily. Precipitation of this hydroxide is one of the most convenient ways of removing 
plutonium from solution. 

After being washed with dilute ammonium hydroxide and dried at 100®, the hydroxide 
dissolves readily in iN-mineral acids, but decidedly more readily in nitric than in sulphuric 
or hydrochloric acid. 

Peroxide, When hydrogen peroxide is added to an acid solution of a quadrivalent plutonium 
salt, a red-brown colour develops, and a bulky green precipitate of doubtful composition is 
slowly deposited. Precipitation of the plutonium is most complete in the pH range 3 — 4*5. 
The presence of sulphate ion appears to favour the reaction. 

A precij)itate of the same nature is obtained by adding hydrogen peroxide to solutions 
containing sexavalent plutonium, but it is formed less readily than from Pu(IV) solutions. It 
is therefore probable that the peroxide is a compound of quadrivalent plutonium, and that 
hydrogen peroxide reduces Pu(VI) to Pu(IV). The peroxide of plutonium is therefore quite 
different from uranium peroxide (peruranic acid). It is insoluble in sodium hydroxide solutions, 
and is presumably not a per-acid. 

The peroxide dissolves in concentrated nitric acid with evolution of oxygen, to give a bright 
blue solution. When this solution is warmed, more oxygen is lost, and the blue solution fades 
to the pale green of Pu(lV) nitrate solutions. The peroxide may also be dissolved in 6 % 
sulphurous acid solution. 

The ratio of plutonium to peroxidic oxygen in the peroxide was determined by perman- 
ganate titration as described in the Experimental (G, i) ; if the permanganate reacted with 
the peroxidic oxygen in the same way as it does with hydrogen peroxide, the titration indicates 
that the ratio of atoms plutonium to atoms peroxidic oxygen is 2 to 3 (see G, ii). If the 0-336 mg. 
not accounted for is expressed as oxygen, the data give the following atomic ratios : Pu, 1 ; 
SO 4 , 0-30;^ O (peroxidic and non-peroxidic), 2*93. The peroxide could therefore be written 
as PuCj, JSO4. It is possible that the dried peroxide is different in composition from the 
original precipitate. Thorium, for example, forms two peroxides, ThgOy (or Th 207 ,S 04 ) and 
ThOj. The latter form is more stable than the former, and is obtained when the former is 
allowed to decompose (Pascal, '' Trait 6 de Chimie Min^rale,'^ Vol. 11 , p. 289). 

Fluoride. The fluoride of Pu(IV) coprecipitates very well with lanthanum fluoride. Ex- 
periments (see H) were carried out to determine the weight of lanthanum which must be pre- 
cipitated as fluoride in order to obtain efficient carrying of the plutonium. Precipitation of 
plutonium on a lanthanum fluoride carrier under these conditions appears to be substantially 
complete when the weight of lanthanum precipitated is greater than about 0*1 mg. per ml. of 
plutonium solution. 

The precipitation of plutonium fluoride in the absence of a carrier was uncertain : 0*35 mg. 
of Pu(IV) in 2 ml. of iN-perchloric acid was not precipitated by the addition of 48% hydro- 
fluoric acid. In higher concentrations of plutonium, a gelatinous precipitate was obtained 
which quickly collapsed to a dense yellowish powder, difficult to centrifuge off on account of 
its lack of coherence. The precipitation of an equal weight of lanthanum fluoride was found 
to bind the precipitate and eliminate this difficulty. 

Sulphate, Pu ( 804 ) 2 - Evaporation of Pu(IV) solutions, prepared from the hydroxide and 
sulphuric acid or from the peroxide and sulphurous acid in the presence of sulphuric acid, 
followed by gentle ignition to remove the sulphuric acid, gives anhydrous plutonium sulphate 
as a light pink powder. The same compound is obtained when the oxide PuOg is fumed down 
to diymess with sulphuric acid. The anydrous salt may be weighed in air. It is soluble in dilute 
mineral acids to give pale pink solutions. Dilute sulphuric acid solutions appear to be metastable, 
and sometimes a deposit of red-brown crystals is obtained on standing (Experimental, I). 

Nitrate. Solutions of the nitrate in nitric acid are green. A sample of the hydrated solid 
nitrate was readily soluble in nitromethane. 

legate, Pu ( 102 ) 4 . The iodate is obtained as a voluminous, very pale pink precipitate on 
^dition of iodic acid or an iodate solution to solutions of Pu(IV) salts. It dissolves readily 
in 6 % sulphurous acid solution, giving a solution containing tervalent plutonium. 

Phenylarsonate. Pu(IV) is coprecipitated very efficiently from acid solutions on a pre- 
cipitate of zirconium phenylarsonate, and the best pH range for this coprecipitation was 
investigated (Experimental, J), even strongly acid solutions being suitable. 
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In the presence of reducing agents (SOg or hydroxylamine hydrochloride), it was found 
that plutonium was not carried down at all by zirconium phenylarsonate. It was therefore 
concluded that the phenylarsonate of Fu(III) is soluble. 

fw-Nitrobenzoate. I^(IV) may be precipitated on zirconium w-nitrobenzoate. The effect 
of pH on the completeness of the precipitation was investigated in the same way as with phenyl- 
arsonic acid (Experimental, K). In the pres^ce of reducing agents, plutonium was not 
carried down on the precipitate of zirconium w-nitrobenzoate. It was therefore concluded 
that the w»-nitrobenzoate of Pu(III) is soluble. 

(d) Compounds of sexavalent plutonium. Ammonium plutonate. This salt may be prepared 
by adding ammonium hydroxide to a hot solution of a plutonium salt which has been oxidised 
to the sexavalent state with argentic nitrate; it is thereby obtained as a brownish-yellow 
precipitate which may be filtered off after it has cooled and stood until coagulated. The 
composition of ammonium plutonate has not been determined. 

On account of the similarity between the chemistry of uranium and of plutonium in their 
sexavalent states, the terms “ plutonate ** and plutonyl ** have been used in the present 
paper to describe the sexavalent compounds of plutonium. 

Plutonyl fluoride. Sexavalent plutonium is not precipitated on a lanthanum fluoride 
carrier in the presence of an excess of hydrofluoric acid. By this method, plutonium can 
readily be separated from lanthanum. 

Plutonyl nitrate. Ammonium plutonate dissolves readily in nitric acid to give an orange 
solution, which, by analogy with uranium, is believed to contain plutonyl nitrate, Pu 02 (N 03 ) 2 . 
At low pH values, the solution appears pink, and as the pH is increased, the colour becomes 
progressively more orange. 

Ethyl ether and nitromethane extracted plutonyl nitrate from its aqueous solutions saturated 
with ammonium nitrate. 

Sodium plutonyl acetate. Addition of sodium acetate solutions to a mixed plutonyl and 
ammonium nitrate solution (prepared by dissolving ammonium plutonate in nitric acid) slowly 
y — y — V precipitates crystals similar in appearance to those of 

X \ sodium uranyl acetate, but pale mauve in colour. The 
^ < >N compound is presumably sodium plutonyl acetate. 

\ — / N — / Plutonyl “ oxinate.'' 8-Hydroxyquinoline (" oxine **) 

precipitates plutonyl ions quantitatively in the pH range 3*5 — 9. The plutonium content of this 
oxinate was determined as described in Experimental (L). The weight of the complex obtained 
agreed with the structure (I) for the oxinate, which therefore appears to be the analogue of the 
corresponding uranyl complex. 

IV. Complex Formation by Plutonium. — (a) Inorganic complex ions. The oxidation- 
reduction potentials for the Pu(III)-Pu(IV) couple are about -f- 0'72 volt in iN-sulphuric 
acid, -f- 0‘99 volt in In - hydrochloric acid, and + 0*86 volt in iN-perchloric acid. This variation 
indicates that there must be a tendency towards complex formation with the anion in at least 
two of the three acids, but the electrochemical evidence does not indicate in which acids this 
occurs. The presence of a high concentration of chloride ions inhibited the coprecipitation of 
Pu(III) on a lanthanum fluoride carrier, whereas the sulphate ion showed no real effect. This 
indicates that Pu(III) ions probably form complexes in chloride solutions. Similarly, am- 
monium thiocyanate completely inhibited the coprecipitation of Pu(IV) on a carrier of zirconium 
phenylarsonate or w-nitrobenzoate, thus indicating that Pn(IV) ions probably form complexes 
with the thiocyanate ion. 

The presence of alkali carbonates interfered with the extraction of the acetylacetone com- 
plex of Pu(IV) into benzene. Experiments with visible quantities of plutonium showed that 
Pu(IV) salts, including the fluoride, dissolve completely in excess of ammonium carbonate. 

Experiments with tracer amounts of plutonium showed that Pu(IV) coprecipitated with 
lanthanum oxalate could be washed off the lanthanum precipitate with hot or cold ammonium 
oxalate solution much more readily than could Pu(III). The solubility of Pu(IV) oxalate 
in ammonium oxalate was confirmed by using visible quantities of plutonium. Pu(IV) fluoride 
was also found to be readily soluble in ammonium oxalate solution. 

(b) Organic complexes of plutonium. A brief survey of the behaviour of Pu(III), Pu(IV), 
and Ihi(VI) towards some of the commoner organic complexing reagents was made. The 
results are contained in Experimental (M). In some cases, the reaction between the plutonium 
ion and the organic reagent was studied in more detail, using tracer concentrations of 
plutonium, 

IMketone complexes. The extracticm coefiicient (defined as the ratio of the concentrations 

3u 
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of plutonium in the solvent and the aqueous layer) was measured at various pH’s for the systems 
Pu(IV), water, benzene, and acetylacetone, trifluoroaoetylacetone, or benzoylacetone. With 
the first two diketones, the extraction coefficient rose from 0’5 at pH 1 to an almost constant 
value of 80 at pH’s of greater than 6 for acetylacetone and greater than 4 for trifluoroacetyl- 
acetone. The benzoylacetonate gave a maximum extraction coefficient of 8 at a pH of 4. 
At higher pH’s, the extraction coefficient decreased. 

Salicylate complex. The extraction coefficient was measured for the system Pu(IV), 
amyl acetate, salicylic acid, and water at different concentrations of salicylic acid and at two 
different pH’s. The detailed results are given in Experimental (N). In general, the extraction 
coefficient increased with increasing salicylate concentration in the aqueous layer, but at the 
higher pH, it was lower for a given salicylate concentration than for the same salicylate con- 
centration at the lower pH. The irregularity of some of the results is believed to be due to 
the fact that a considerable proportion of the plutonium adhered to the glass walls of the vessels 
at the pH’s used. 

Experimental. 

General Methods. — (a) Preparation and purification of plutonium compounds. During the present 
work, several methods were used for the initial purification of plutonium and for its recovery from 
the residues of previous experiments. The most useful method was found to be the one already described 
by Seaborg et al. (loc. cit., p. 367) in which plutonium is precipitated with a carrier of lanthanum fluoride, 
and then separated from the lanthanum fluoride by making use of the solubility of the fluoride of 
sexa valent plutonium. 

The plutonium in the ter- or quadri-valent state is precipitated on a carrier of lanthanum fluoride 
by the method described above. The precipitate is then dissolved by fuming with sulphuric or per- 
chloric acid, and the solution is diluted with water. The plutonium is then oxidised to the sexavalent 
state : potassium permanganate in hot solution was found to be the most convenient oxidising agent 
for this purpose. The lanthanum is then precipitated by the addition of hydrofluoric acid, leaving the 
plutonium in solution. 

The final purification of the plutonium may be carried out by evaporating the solution to fuming 
to eliminate the excess of hydrofluoric acid, reducing the plutonium to the tervalent state by warming 
with an excess of 6% sulphurous acid solution, and then precipitating the plutonium as Pu(OH)8 by 
the addition of ammonium hydroxide. 

The Pu(OH)j may then be dissolved in sulphuric acid, the plutonium converted to the quadrivalent 
state by evaporating the solution to dryness in air, and then successively precipitated as peroxide and 
iodatc until the desired degree of purity has been reached. 

(b) Methods of determining plutonium. Counting of a-particles provides a rapid method for carrying 
out determinations of relative amounts of plutonium when working with tracer quantities of the element. 
The half-life of is 2-4 x 10* years (Seaborg, loc. cit.). This corresponds to the production of 

138 X 10* a-particles/min.^mg. Pu. 

Plutonium may be weighed as Pu(S04)2, PUO2. or Pu(I03)4. The sulphate is particularly con- 
venient, since it may be prepared by fuming many plutonium compounds to dryness with sulphuric 
acid. The iodatc is a useful form in which to weigh small amounts of Pu since it contains only 26*46% 
of Pu. 

It has already been mentioned that permanganate titration of Pu(III) or Pu(lV) may be carried 
out in hot acid solutions. Titration of the iodine liberated in sulphate solution by the oxidation of 
iodide ions by Pu(IV) ions is not a convenient method for routine estimation of plutonium because 
the reaction is rather slow. In chloride solutions, the reaction is faster, but the titration is still not 
satisfactory. 

(A) About 1 mg. of plutonium was purified and precipitated from sulphate solution as its insoluble 
iodate by addition of a solution of iodic acid. The precipitate was dried at 100° and weighed in a 
platinum crucible. It was then ignited to constant weight at a dull red heat in air. 3-532 Mg. of 
iodate gave a plutonium compound weighing 1*021 mg. after ignition. The loss of weight agrees well 
with the reaction Pu(IOj)4 — >-PuO, -b 60j + 21,. The weights of iodate and oxide correspond to a 
valency of 3-92 for the middle oxidation state of plutonium. The T021 mg. of dioxide formed in this 
experiment was converted into sulphate by fuming to dryness three times with sulphuric acid. The 
sulphate weighed 1*616 mg. ; i.e., the sulphate contains 63*2% of PuO, [Pu(S04), requires PUO2, 62*9%]. 

(B) (i) During a determination of the oxidation-reduction potential of the Pu(IV)-Pu(IV— n) 
couple, it was found that a plot of the potential of a platinum electrode against the logarithm of the 
concentration ratio of Pu(IV) to Pu(lV— w) gave a straight line of slope 0*0,48 volt at 23°. This 
corresponds most nearly to the theoretical value of 0*069 volt for a single-electron transfer. 

(ii) It was found that in sulphate solutions, the Pu(IV) ion will oxidise the iodide ion to iodine. 
The iodine which was liberated by 2*206 mg. of Pu(S04), gave a titre of 0*47 ml. of 0*0l03N-sodium 
thiosulphate. This corresponds to a valency difference of 0*96 between the middle and the lower state 
of plutonium. 

(Ui) 0*814 Mg. of Pu(S04)2 was titrated in iN-sulphuric acid solution with approximately 0*006 n- 
potassium permanganate. Reaction was very slow at room temperature, but proceeded rapidly at 60°. 
After completion of the titration, the plutonium was reduced to the tervalent state by warming with 
sulphurous acid solution. The excess of sulphur dioxide was driven off by evaporating the solution 
to a very small volume in a stream of purified carbon dioxide. The tervalent plutonium was then 
titrated at room temperature to the quadrivalent state with the same permanganate solution. The 
end-point was quite definite and stable. On warming the solution to 60°, the pink colour of the end- 
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point faded, and a further quantity of permanganate reacted as the plutonium was oxidised to the 
highest valency state. 

In four such cycles, the average volume of permanganate required to oxidise the Pu(III) to Pu(IV) 
was O’ 37 ml. The volume required to oxidise the Pu(IV) to the highest valency state was almost exactly 
twice as much, vU,, 0*72 ml. 

(C) Potentials of the cell 

HglHgjSO, (s) lN-H,S 04 |lN-H,S 0 ,|lN-H,S 04 |"j|“) jPt 
were measured. The cell is shown in Fig. 1. 

The ratio of c^to was varied by mixing in various proportions stock solutions of Pu(IV) sulphate 
and of Pu(III) sulphate, both in 1 n-H,S 04 . The Pu(III) solution was made as and when required by 
both electrolytic reduction at a platinum cathode of a Pu(IV) solution. 


Fig. 1. 



Cell used for polarography and for Eq measurements (half actual size). 


The potentials were determined at 23°. They became steady within 5 mins, after insertion of the 
platinum electrode into the cell. The values are recorded below : 


Potentials of the couple Pu(III)-Pu(IV). 


Concn. of Concn. of 

Pu(III)in Pu(IV),in Potential, 

solution, M. solution, m, volt. 

0-00404 0*00058 00289 

0*00354 0*00118 0*0420 

0*00304 0*00177 0*0548 

0*00227 0*00265 0*0581 


Concn. of Concn. of 

Pu(III) in Pu(IV) in Potential, 

solution, M. solution, m. volt. 

0*00152 0*00354 0*0825 

000101 0*00412 0*0931 

0*00051 0*00471 0*1050 


The molar concentrations were estimated by diluting a small volume of each of the stock solutions, 
and a-counting aliquots of the dilute solutions. There may thus be errors of up to 15% in the absolute 
concentration values, but as the same counter and counting technique were used for both of the solu- 
tions, the relative concentrations are believed to be correct to ± 6%* 

Fig. 2 shows the linear variation of the potential with log^o The potential when c* = was 

4* 0*064 volt, with the platinum electrode positive. Assuming that the potential of the mercurous 
sulphate electrode is 0*66 volt on the hydrogen scale, this gives a value of 4- 0*72 volt for the couple 
with equal concentrations. The molal standard potential is therefore in the region of -f 0*72 volt. 

Similar experiments desiraed to measure the potential of the same couple in iN-hydrochloric acid 
and iN-perchloric acid failed, because in several trials with different lots of plutonium the potentials 
drifted badly. However, the observed values of the equimolar potentials were always close to the 
potentials of the polarographic waves in the same solutions (see p. 1018). 
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{D) Polarographic experiments were carried out in iN^sulphuric* •perchloric^ and •hydrochloric 
adds (see Figs. Z, a, b, and c). 


FZ6. 2. 



A small platinum wire micro-electrode replaced the foil electrode of the cell in Fig. 1, and a 
sintered-glass plug was substituted for the constriction. A dropping-mercury electrode could not be 
used because mercury dissolves anodically in the range of potentials studied. For polarograms in 
hydrochloric acid, a normal calomel reference electrode was used. For perchloric acid solutions, the 
reference electrode was HglHggClj (s) -f 0*1 n-HC 1 -f- IN-HCIO 4 I with a bridge solution of IN-HCIO 4 . 
In sulphuric acid, the reference electrode was Hg|Hg£S 04 (s) -f 1 n-H£S 04 |. 


Fig. 3 (a). 



-0-4 -^2 0 Hh6 ^0*8 ^hO 

Potentiai of fi/atinum thctrode. iN.^HzS0^ 

e/ectpocte. 
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Fig. 3 (6). 



Potent iai of platinum eiectrode. 
t/s.Hg^Hg^SO^, iN-/i 2 S 04 , eiectrode. 


Fig. 3 (c). 



^0-4 -O'Z 0 ^2 ^0*4 Hh$ Hh8 HO +H 

Potentiaf of platinum eiectrode, INrH280j^ 

eiectrode, 


The polarograms in perchloric acid solution were carried out at 23°. In aU other cases> the cell 
was held at 30° in a vibration-free thermostat. 

(£) Small volumes of concentrated uranous sulphate and uranous chloride in their respective iN-acids 
were stdded to solutions of PuJIV) in iN-sulphuric and hydrochloric acids. In both cases the Pu(IV) 
reduction wave disappeared within 2 or 3 minutes of the addition and was replaced by a wave starting 
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in the same place as the Pu(III) wave in the same solution (Figs. 4 and 5). The concentrations of 
Pu(IV) in these experiments were chosen so that after addition of the U(IV) solution, the Pu con- 
centrations were equal to those used in plotting the polarograms for pure Fu(III) solutions given in 
the same diagram. 

U(IV) in sulphuric and hydrochloric acids does not give an oxidation wave in this range of potentials. 
The great height of the oxidation wave in the Pu~U mixtures must be due to the oxidation of U(1V) 
at the electrodes in the presence of Pu(III), which acts as an electron carrier. (The uranium concen- 
traction was about 5 times the plutonium concentration.) 


Fig. 4. 



-0-40 -0-30 -0>20 -(h70 0 H>^W 'f‘0-20 *0-30 Hh40 


Potential of Pt microekctnode. vs, electrode. 

Polarograms in iN-HgSOi. 

(F) Experiments were carried out in which the Pu(IV) ion was oxidised by the perdisulphate ion in 
the presence of silver ions. Different concentrations of reagents were tried, and the fraction of the 
plutonium which had been oxidised in the experiment was estimated by precipitating the remaining 

V) on a carrier of lanthanum fluoride (the fluoride of sexavalent plutonium remains in solution 
under these conditions). The plutonium on the lanthanum fluoride carrier was then estimated by 
a-counting. 

Conc^trations of 0-2 mg. per ml. of silver ion and 2 mg^ per ml. of perdisulphate ion were found 
to be sumdent. Oxidation of the plutonium took place when the solutions were heated to 80® and 
th^ allowed to cool and stand for 20 minutes. The presence of nitrate ions (about 0*6 m) appeared 
to advantageous. Perchloric acid up to 2m was without influence of the reaction. 

(G) (i) A sample of plutonium peroxide precipitated hrom sulphate solution was washed frc^ from 
exce^ of hydrogen peroxide, suspended in iN-sulphuric acid, and titrated with potassium perman- 
ganate. It was found that on wanning the solution very slightly, a reaction took place and the per- 
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oxide went into solution. After 0‘71 mi. of permanganate had been used, the peroxide appeared to 
have dissolved completely, and further permanganate only reacted at a somewhat higher temperature. 
The volume of permanganate re<juired at this higher temperature was 0*47 ml. 

The second half of this titration was believed to represent the oxidation of Pu{IV) to Pu(VI). This 
was confirmed by reducing the plutonium to Pu{III) with sulphur dioxide, and evaporating the solution 
to fuming in air to remove the excess sulphur dioxide and convert the Pu(III) into Pu(IV). The 
same volume (0*47 ml.) of permanganate was used when the Pu(IV) obtained in this way was titrated 
to Pu(VI). 

Fig. 5. 



Polarograms in 1n-HC1, 


(ii) A second sample of the peroxide, precipitated from sulphuric acid solution, washed three times 
with water, and dried to constant weight over silica gel at room temperature, was dissolved in con- 
centrated nitric acid. The sulphate ion present in the solution was determined by precipitating it as 
barium sulphate. The plutonium was then precipitated from the solution as hydroxide and weighed 


as PuOj. The following results were obtained : 

Wt. of peroxide, mg 2-255 

Wt. SO4, mg 0-216 

Wt. Pu, mg. 1-704 

Total, mg 1-920 

Remainder, mg 0-335 


(H) A small weight of lanthanum nitrate in aqueous solution was added to a dilute perchloric acid 
solution containing a tracer quantity of quadrivalent plutonium; 48% hydrofluoric acid was then 
added until its concentration in the Pu-La solution was 12%. The precipitate of lanthanum fluoride 
was allowed to settle, and a further quantity of lanthanum nitrate, equal to the first amount, was then 
slowly added with good stirring. 
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Alter standioR for about 80 minutes with occasional stirring, the solution was centrifuged to sopai^te 
the duozide precipitate. The supernatant solution was removed, and the precipitate washed several 
times with dilute hydrofluoric acid. The lanthanum fluoride was then spread on a sample tray, and 
the plutonium estimated by a-counting. The results are given below : 

Precipitation of Pu(IV) on lanthanum fluoride. 

Total wt. of La used, mg. /ml. of Pu soln 0*36 0*093 0-034 0-017 

% Pu remaining in solution 1-49 1*94 6-11 10-4 

(I) A sample of sulphate crystals (see p. 1012) was separated from thb solution, washed with acetone, 
dried at room temperature and weighed. The sample was then converted into the anhydrous salt by 
fuming to dryness with sulphuric acid. The crystals were found to be the tetrahydrate [Found : 
Pu(S04)2, 85-8. Pu(S04)a,4Ha0 requires Pu(S04)j, 85-6%]. 

(J) Experiments were carried out to discover over what pH range zirconium phenylarsonate could 
be used as a carrier for tracer quantities of plutonium. Zirconyl nitrate solutions were added to dilute 
perchloric acid solutions containing tracer quantities of plutonium. The pH’s of the solutions ^ere 
then adjusted to various values by the addition of either more perchloric acid or ammonia. An excess 
of saturated aqueous phenylarsonic acid solution was then added, and the precipitate of zirconium 
phenylarsonate w-as removed by centrifuging, and its plutonium content estimated by a-counting. 
The results are shown herewith. 


The precipitation o/Pu(IV) on zirconium phenyla/rsonate, 

pH 0-1 0 19 0-33 1-45 

% Pu precipitated by 0'2mg./ml. of Zr 87*6 88 5 93*9 93-7 

(K) Precipitation o/Pu(IV) on zirconium m-niirobenzoate. 

pH : 0-39 1-46 

% Pu precipitated by 0 2 mg. /ml. of Zr 6-1* 91-0 

♦ Zr not completely precipitated. 


1-90 3-96 

90-p 93-2 


1-88 3-80 

96-4 93-3 


(L) 9-467 Mg. of Pu(S04)2 were dissolved in sulphuric acid and oxidised by heating for several hours 
at 90° on a steam-bath with an excess of sodium perdisulphate. The pH of the solution was then 
adjusted to about 5, and about 6 equivs. of oxine dissolved in acetic acid were added. The precipitate 
was coagulated by heating on the steam-bath, filtered off, washed with hot water, dried at 130°, and 
weighed. The oxinate weighed 15-713 mg. [Found : Pu, 33-4. PuOj(CjH|,ON)j„CgH70H requires 
Pu, 33-9%]. 


(M) Reaction of plutonium with organic complexing reagents. 


Ion. 

Reagent. 

pH range. 

Pu(IV) 

Acetylacetone 

2—10 

Pu{IV) 

Benzoylacetone 

3 

Pu(IV) 

Monofluoroacetylacetone 

3 

Pu(IV) 

Trifluoroacet3dacetone 

2—4 

Pu(lV) 

/j-Dimethylaminobenzeneazophenyl- 
arsonic acid 

4 

Pu(IIl) 

;^-Dimethylaminobenzeneazophenyl- 
arsonic acid 

4 

Pu(IV) 

/>-Dimethylaminobenzeneazophenyl- 
arsinic acid 

4 

Pu(III) 

;^-Dimethylaminobonzen©azophenyl- 
arsinic acid 

4 

Pu(IV) 

3-Nitro-4-hydroxyphen3'^larsonic acid 

2-5 

Pu(III) 

3-Nitro-4-hydroxypheaylarsonic acid 

2-6 

Pu(IV) 

w-Nitrophenylarsonic acid 

2 5 

Pu{III) 

w-Nitrophenylarsonic acid 

2-6 

Pu(IV) 

Phenjdarsonic acid 

2 

Pu(III) 

Phenylarsonic acid 

2 

Pu(IV) 

«-Propylarsonic acid 

2 


w-Propylarsonic acid 

2 

Pu(IV) 

w-Nitrobenzoic acid 

1-6 

Pu(III) 

w-Nitrobenzoic acid 

1-6 

Pu(IV) 

Sebacic acid 

1—2 

Pu(III) 

Pu(IV) 

Sebacic acid 

1—2 

6-/>-Acetamidophenylazo-8-hydroxy- 

quinoline 

S-Hydroxyquinoline 

4 

Pu(IV) 

—8 


Reaction. 

Complex extractable in benzene 
Complex extractable in benzene 
Complex extractable in benzene 
Complex extractable in benzene 
Orange precipitate 

No precipitate 

Orange-red precipitate 

No precipitate 

Pale greenish-buff precipitate, Pu carried 
down on Zr salt 

No ppt. Pu not carried down on Zr salt 
Pale greenish-buff ppt. Pu carried down 
on Zr salt 

No ppt. Pu not carried down on Zr salt 
Pale greenish-buff ppt. Pu carried down 
on Zr salt 

No ppt. Pu not carried down on Zr salt 
Pale greenish-buff ppt. Pu carried down 
on Zr salt 

No ppt. Pu not carried down on Zr salt 
Pale greenish-buff ppt. Pu carried down 
on Zr salt 

No ppt. Pu not carried down on Zr salt 
Pu carried down on Zr salt 
Pu poorly carried down on Zr salt 
Complex extractable in amyl acetate. 
Insol. in water 

Purple-brown ppt, extractable in amyl 
acetate 
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Ion. Reagent. 

Pu(VI) S-Hydroxyquinoline 

Pu(IV) l'-SulphonapIithalene-4'’-azo-5 : 8-di- 
hy<£ro^quinoline 
Pa (IV) Anthranilic acid 

Pu(IV) Cinnamic acid 

Pu(IV) Cresotinic acid 

Pu(IV) 2 ; 4-Dihydroxyben2oic acid 

Pu(IV) 2 : 4-Dinitrosalicylic acid 

Pu(IV) Salicylic add 


Pu(IV) Benzoic acid 

Pu(IVJ Citric acid 

Pu(IV) Dihydroxytartaric acid 

Pu(III) Dihydroxytartaric acid 

Pu(IV) 3 : 5-Dinitrobenzoic acid 

Pu(IV) Phthalic acid 

Pu(III) Phthalic acid 

PuflV) Tartaric acid 

Pu(VI) Tartaric acid 

Pu(IV) Thiobarbituric acid 

Pu(III) Thiobarbituric acid 

Pu(IV) “ Cupferron ** 

Pu(IV) Ethylenediamine 

Pu(IV) a-Nitroso-j8-naphthol 

Pu(IV| Sodium benzenosulphinate 

Pu(VI) Sodium benzenesulphinate 

Pu(Vl) Sodium diethyldithiocarbamate 


pH range. Reaction. 

4 — 8 Orange-brown ppt. extractable in amyl 

acetate 

3 Purple ppt. 


3 

2-5— 4*5 
2-5-~4-5 
3 

3 

2—3 


2 

1— H 
1 
1 
3 
2 
2 

1—11 

1—11 

2 

3 

0 - 6—2 


o 


2 

2 

3 


Cx)mplex extractable in amyl acetate 
Complex extractable in amyl alcohol 
Complex extractable in amyl acetate 
Complex extractable in methyl wobutyl 
ketone 

Complex extractable in amyl acetate 
Complex extractable in amyl acetate. 
Pu carried down on Th, La and Zr 
salts 
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(N) Extraction o/Pu(IV) salicylate into amyl acetate. 
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189. Production of Antibiotics by Fungi. Part III. Javanicin. 

An Antibacterial Pigment from FuBarium javanicum. 

By H. R. V. Arnstein and A. H. Cook. 

The isolation and characterisation of javanicin is described. It is regarded as a 6 : 8-di- 
hydroxy-6-acetonyl-l ; 4-naphthaquinone carrying additional j5-methyl and jS-methoxyl 
groupings. 

It was observed (Arnstein, Cook, and Lacey, Nature, 1946, 167, 333; see also Part I, Cook and 
Lacey, Brit. J. Exp, Path., 1946, 26, 404) that certain metabolism solutions obtained from 
Fusarium javanicum inhibited the growth of Staphyllococcus aureus at a dilution of 1 : 100 and 
were also very active against the acid-fast Mycobacterium phlei. In view of the possibility of the 
active principle or principles having a useful inhibitory action against M. tuberculosis their nature 
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was studied more closely. Their production under various conditions and some biological 
properties are described elsewhere (Part II, Arnstein, Cook, and Lacey, BriU Exp, Path,, 
1946, 27, 349) and the present communication records experiments on their chemical nature. 

The materials of the present study were only produced under selected conditions ; the most 
notable requirement was the presence of Bactotryptone in addition to mineral salts and glu- 
cose in the fermenting solution. Bactotryptone could be replaced by some but not all similar 
preparations, though the characteristic essential for the production of antibacterial activity 
could not be distinguished. Under the selected conditions the active solutions were heavily 
pigmented, resembling red ink in colour. The activity could be completely removed from slightly 
acid solutions by extraction with solvents such as ether, and the crude recovered pigment 
accounted for the whole of the activity of the original solutions. After preliminary experiments 
had shown that the antibacterial activity was insensitive to heat, acid, alkali, and solvents, 
attempts were made to purify the active principles, for example, by the ordinary methods 
of chromatography ])ut without success. It was found that the active principle could be re- 
moved from the crude ethereal extract by shaking with sodium carbonate but not by sodium 
hydrogen carbonate, and that it could be returned from aqueous sodium carbonate to ether by 
neutralising the solution. The final solution was still strongly coloured (red-orange) and, as 
inactive pigment fractions were rejected at each point, it was apparent that several probably 
chemically similar pigments were initially present. The active solution on concentration gave 
a pigment which could be crystallised. The behaviour of the crystalline material varied from 
batch to batch. One compound, m. p. 207*6 — 208° (decomp.), was invariably obtained and 
sometimes another compound, m. p. 2 1 3 — 2 14® (decomp.) , formed a second component. Occasion- 
ally a product, m. p. 178 — 179°, was obtained which was analytically intermediate between 
the two compounds, and as the m. p. behaviour was reproduced by an equimolecular mixture of 
the two it seems not unlikely that the third product was a molecular compound of the other two. 
Both compounds were very active antibacterial agents (see Arnstein, Cook, and Lacey, loc. cit,) 
and there was no reason to doubt that the whole of the activity of the original solutions was due 
to these two crystalline pigments. They were very similar in character but detailed attention 
could be given only to the compound, m. p. 207*6 — 208°, which, as it does not appear to have 
been isolated previously, is conveniently termed javanicin ; the compound, m. p. 213 — 214°, 
contained one oxygen atom more than javanicin and is therefore termed oxyjavanicin. 

The pigments produced by Fusaria are known to be very variable and delicately dependent 
on the conditions of growth (Brown and Horne, Ann. Bot., 1924. 38, 379; Brown, ibid,, 1926, 
89, 373; Sideris, /. Agric. Res,, 1926, 80, 1011) ; probably for this reason there have been few 
occasions when Fnsarium pigments have been isolated in pure condition and studied chemically. 
Ashley, Hobbs, and Raistrick {Biochem, 1937, 81, 388) isolated two pigments, rubrofusarin 
and aurofusarin, from F. culmorum, Aurofusarin is so different from the present pigments that 
it can hardly be confused with them, whilst the distinctive nature of rubrofusarin is made clear 
below. Javanicin and oxyjavanicin differ from the earlier pigments in diffusing into and being 
isolated from the medium instead of from the mycelium ; the mycelium of F, javanicum although 
coloured did not yield any remarkable quantity of antibacterial pigment. Solid media on which 
F, javantcum was grown also became deeply pigmented ; on the other hand, those on which 
F, culmorum was grown were scarcely coloured although the mycelia were very bright (Brown 
and Horne, loc. cit.). Mull and Nord {Arch, Biochem., 1944, 4 , 422) mention diffusing Fusaria 
pigments and the experiments of Sideris {loc. ctt.) particularly clearly demonstrate their form- 
ation, so the production of Javanicin and oxyjavanicin is possibly not restricted to F. javanicum, 
and other species may produce nearly related pigments. 

Javanicin contained only carbon, hydrogen, and oxygen. It apparently contained no easily 
hydrolysed groupings and could be heated in an autoclave without significant loss of activity, 
though very dilute solutions on prolonged exposure to light lost both colour and antibacterial 
activity, presumably as a result of photochemical oxidation. 

Analyses and determinations of molecular weight on different samples of javanicin from several 
batches indicated the formula Ci 5 Hi 40 a. Of the six oxygen atoms one was present as a methoxyl 
group. The molecule contained three active hydrogen atoms, but on acetylation in presence 
of concentrated sulphuric acid it yielded a yellow compound of the empirical and molecular 
formula, Ci 7 Hi 40 e, i.e„ a monoacetyl derivative of a hitherto unknown anhydrojavanicin. 
This monoacetylanhydrojavanicin contained one methoxyl group. 

The reality of the dehydration of javanicin during acetylation was confirmed by the behaviour 
of the pigment itself. Javanicin showed signs of undergoing dehydration in sulphric acid 
solution and under other conditions, but reaction was most satisfactory with ethereal hydrogen 
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chloride containing zinc chloride. Under these conditions javanicin smoothly lost 1 mol. of 
water to give anhydrojavanicin, C15HJ2O5, which on acetylation passed into the acetyl compound 
previously obtained directly. Anhydro javanicin was chemically and physically quite distinct 
from the parent pigment, and contained only one active hydrogen atom in agreement with 
structure (III) (R =s H) developed below. Two more oxygen atoms were revealed as a quinone 
grouping, for on reductive acetylation anhydrojavanicin was converted into a leucoanhydrotri- 
acetate, Cg^HjoOg. 

Javanicin anhydromonoacetate and leucoanhydrotriacetate showed spectra which indicated 
them to be a*naphthaquinone and naphthalene derivatives respectively (Fig. 1). It is known 
that if the hydroxyl groups of a hydroxynaphthaquinone be acylated, the spectrum loses any 
features peculiar to the tautomeric hydroxynaphthaquinone structure and reverts to that of a 
simple naphthaquinone (Macbeth, Price, and Winzor, 1935, 325). Incidentally, consideration 
of the spectra of javanicin and its derivatives excluded the possibility of their being benzoquinone 
or anthraquinone derivatives; it was moreover impossible to accommodate a summation of 
other facts noted below on these formulations. Rubrofusarin, CisHjjOj, a pigment from 


Fig. 1. 



I. Hydroxydroserone triacetate. II. javanicin anhydromonoacetate. 

III. Javanicin leucoanhydrotriacetate, 

F, culmorum (Ashley, Hobbs, and Raistrick, loc, cit.) appears formally closely related to javanicin, 
but rubofusarin behaves quite differently especially towards alkalis, with which it gives only a 
yellow colour, gives derivatives which are clearly distinct from those of javanicin, and is also 
spectrally quite distinct from javanicin (cf. Mull and Nord, loc, cit,), Javanicin gave a deep 
violet solution with 10% sodium hydroxide, purple solutions with concentrated ammonia or 
2N-sodium carbonate, but no colour with sodium hydrogen carbonate. It was decolorised by 
bromine water or aqueous sodium hydrogen sulphite. The formulation of j avanicin as a naphtha- 
quinone derivative was supported by its colour reaction with lead acetate in methanol. Javanicin 
gave a violet solution ; methylnaphthazarin also gave a violet solution, whilst hydroxydroserone 
(see below) gave a violet precipitate, and Kuhn and Wallenfels (Ber„ 1939, 72, 1411) record that 
5 : 8-dihydroxy- and 2:6: 8-trihydroxy-naphthaquinone, echinochrome A, and its trimethyl 
ether all give violet solutions or precipitates. The formation of a coloured solution rather than 
a precipitate indicated the absence of any p-hydroxyl group (cf. Kuhn and Wallenfels, loc, cit. ; 
see also below). Reaction of javanicin with diazomethane was complex, presumably because 
of reaction with the side chain, but anhydrojavanicin failed to react under normal conditions. 
As anhydrojavanicin is regarded as having the angular structure (III), and as only p-hydroxyl 
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groups in naphthaquinones are methylated under the normal conditions by diaaomethane 
(Kuhn and Wallenfels, loc, cit), this behaviour provides further though indirect evidence of the 
methoxyl group occupying a p-position. Comparison of the absorption spectrum of javanicin 
with that of representative hydroxynaphthaquinones revealed that its spectrum was practically 




coincident with that of hydroxydroserone (Macbeth, Price, and Winzor, he, cit,) (Fig. 2) (3 : 5 : 8- 
trihydroxy-2-methyl-l : 4-naphthaquinone, I) and the sequel shows that javanicin is indeed 
closely related structurally to hydroxydroserone, which also gives a magnificent violet colour 
with alkali (Rennie, 1887, 61, 374). 



These facts suggested then that javanicin was a dihydroxy lated naphthaquinone carrying 
in addition to a p-methoxyl group a substituent which was able to undergo dehydration (cyclis- 
ation) by interaction with a neighbouring hydroxyl group. In view of the magnificent colour of 
javanicin in alkali and its acidity, the hydroxyls were believed to be in the ^cn-positions. 
Attempts were made to confirm this analytically by the formation of a boric acid complex 
(Macbeth and Winzor, 1936, 334) but under conditions which precluded anhydride formation 
a stable complex proved unobtainable. That two hydroxyls were indeed present was shown by 
the behaviour of javanicin towards acylating agents under milder conditions than were used in 
the original experiments described above. When it was acetylated with acetic anhydride in 
P3nridine diacetyljavanicin, CjgHigOg, was formed, and treatment with benzoyl chloride in pyridine 
afforded dibenzoyljavanicin, The acylation of a number of hydroxylated naphtha- 

quinones has been described in the literature and no difficulty seems to have been encountered 
in fully acylating these compounds, so it was concluded that javanicin contained no more than 
two hydroxyl groups together with a p-methoxyl group. 

On oxidation by the Kuhn-Roth method, javanicin gave two molecules of volatile 
fatty acid indicating two substituents, so the structure could be written in the form 
CiQHOa(OH) 2 (OMe)RR', where R -}- R' = C^HgO, For the following reasons the four carbon 
atoms could only be distributed so that R contained and R^ contained Cg. The oxygen 
atom in the grouping CgHgO could not be placed oh a terminal carbon atom for the side chain 
could not then have afforded a molecule of volatile fatty acid. If therefore there had been a 
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C|,C* distribution the substituents would have been Et and COMe [or possibly CH(OH)Me], 
but these would not reasonably permit cycHsation. The remaining possibilities therefore for 
R, R' are Me and CHj'COMe, or less likely, in view of the anal 5 rtical results. Me and 
CHi*CH{OH)Me. When javanicin was oxidised with sodium h 3 rpoiodite or hypobromite, 
considerable yields of iodoform or bromoform were obtained. Moreover, when javanicin was 
treated with 2 : 4-dinitrophenylhydrazine a mono-2 : ^-dinitrophenylhydrazone was formed. 
Under the same conditions hydroxydroserone failed to react with dinitrophenylhydrazine and it 
was concluded that javanicin contained the substituents Me and CHa'COMe. This conclusion 
was in agreement with the finding that javanicin had no observable optical activity, and 
that hydrogenation afEorded no evidence of an ethylenic linkage. Catalytic hydrogenation 
resulted in rapid uptake of 1 mol. of hydrogen with disappearance of the colour, which was 
quickly regenerated in presence of air. From the recovered coloured solution the original 
pigment could be isolated, and obviously hydrogenation to this extent resulted only in formation 
of a leuco-compound. A second mol. of hydrogen was slowly absorbed, and further hydrogen- 
ation was very slow indeed; this stage corresponds supposedly to reduction of the ketone 
grouping followed by progressive reduction of the naphthalene nucleus, but no pure hydro- 
compounds were isolated. This suggested the partial structures (II) and (III) (R = COMe) 
for javanicin and its anhydromonoacetate respectively. These structures leave one unsub- 
stituted position in the naphthalene nucleus; accordingly, after anhydrojavanicin was treated 
with bromine under very mild conditions a monobromoanhy dr o javanicin was isolated. Further- 
more, rather prolonged treatment of javanicin or anhydromonoacetyljavanicin with acetic 
anhydride gave an acetoxy-d&nvdjtive of anhydroacetyljavanicin, CigHijO,. Highly substituted 
naphthaquinones are known to undergo Thiele-Winter acetylation by this treatment, though 
with some difficulty. 

The ready cyclodehydration of javanicin and its derivatives as pictured above is perhaps 
paralleled by the behaviour of lapachol (IV). Dihydroxylapachol (V) on dehydration gives, 
among other products, hydroxyt5olapachol (VI), which on further dehydration affords two 
products formulated by Hooker (/., 1896, 69, 1360) as (Vila) and (VI1&). 



It may be pointed out that quinones of various kinds have been frequently observed to have 
strong antibacterial actions, and that the action of javanicin (and oxyjavanicin) is undoubtedly 
due in large measure to the quinone nature. Like that of other quinones, for example, its action 
is inhibited, though with some difficulty, by compounds containing thiol groupings. On the 
other hand, it seems equally certain that specific structural effects are exerted. Thus, comparison 
of javanicin with the nearly related hydroxydroserone showed that the activity of the latter 
especially towards Myco. phlei was surprisingly small (Arnstein, Cook, and Lacey, Brit. J. 
Exp. Pam., 1946, 27, 349). 

Experimental. 

Production of Javanicin and Oxyjavanicin . — Stock slope cultures of F. javanicum were grown on a 
medium containing Kepler's malt extract (3%) and agar (2%) in 6" x 1" test-tubes. The mycelium of 
a single slope was pulped with sterile water (60 c.c.), and the suspension (2 — 3 c.c.) used to inoculate 
bottles of liquid medium. This technique was adopted to ensure even and prompt growth. The liquid 
medium contained : Sodium nitrate, 20 g. ; potassium chloride, 6 g. ; anhydrous magnesium sulphate, 
2*6 g. ; dipotassium hydrogen phosphate, 10 g. ; ferrous sulphate heptahydrate, 0*1 g. ; glucose, 400 g. ; 
“ Bactotryptone " (Difco) or *^Eupepton " (No. 2) (Allen and Hanbury, Ltd.), 60 g. ; distilled water to 
101. The inorganic salts were dissolved separately in small portions of hot distilled water and added to 
distilled water {ca. 8 1.). Glucose in water (1 1.) and bactotryptone or eupepton in water (600 c.c.) were 
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added, and the volume made up. The medium, which was at pH 6^8 — 7*0 without further adjustment 
was distributed into quart-size milk bottles, each containing 400 c,c„ furnished with cotton-wool plugs 
and sterilised at 15 lb. for 15 minutes. The inoculated bottles were incubated, stacked in an almost 
horizontal position at 25 — 28^* for 10 — 14 days. The mycelium covered the surface only sparsely ; it 
was highly pigmented (red) from the beginning and the medium became distinctly red after about 7 days. 
The antibiotic activity and colour of the medium increased to a maximum after about 10 days, the medium 
then having pH 3. All bio-assays were carried out by the serial dilution method, as plate assays were 
unreliable, especially on partly purified material. Before assay the solutions were adjusted to pH 7 and 
sterilised by heat ; Seitz filtration resulted in the pigment and antibacterial principles being retained on the 
filter, (a) In a typical batch the filtered metabolism solution (111.)* which inhibited the growth of Staph, 
aureus at a dilution of 1 : 100, v/as extracted twice with ether (2*6 1.) previously freed from peroxides. 
The ethereal solution was twice extracted with saturated aqueous sodium hydrogen carbonate, which 
removed a mixture of apparently at least several antibacterially inactive pigment components. The 
remaining ethereal solution was extracted with N-sodium carbonate (4 X 500 c.c.), which removed all the 
activity. By adjusting the aqueous solution to pH 7 and again extracting with ether (2 1.), the activity 
and pigment were returned to the organic solvent. The dried ethereal solution was evaporated to 50 c.c. , 
whereupon most of the pigment separated ; the mother-liquor yielded only a small quantity of gummy 
solid, which was rejected. The solid pigment (0*509 g.) had m. p. ca. 168° and inhibited the growth of 
Staph, aureus at a dilution of 1 : 200,000, The mixture was crystallised according to the following 
scheme : 


Gum 


Gum 


Mother-liquor 


Mixture (50 g.) 
]h*oh 
M. p. 184°— 


EtOH 


Mother-liquor 


1 “ 
M.p. 174° 


Y 

M. p. 205-— 206° 
Javanicin (197 mg.) 


M. 



p. 200° 


M. p. 178—181 


o 


EtOH 

Y 


Mother-liquor 


M. p. 183—184° 


Y 

M.p. 213—214° 

Oxyjavanicin (mixed m. p. 
with javanicin, 183°) 


CHCl,-light petroleum 


Y 


M. p. 212—214° 
Oxyjavanicin (total, 87 mg.) 
(mixed m. p. with javanicin, 
183°) 


(b) In another batch of metabolism medium (20 1.) the mycelium was filtered off, yielding 31 g. of dry 
material after drying at 100° for several hours. The finely powdered mycelium (20 g.) was extracted 
(Soxhlet) with light petroleum for 6 hours, no more red pigment then appearing to be extracted. On 
concentration to small volume (50 c.c.) and cooling, a small quantity of red .solid (20 mg.), m. p. 200°, 
was obtained. One recrystallisation from hot acetone-ethanol (1 : 1) (5 c.c.) afforded pure crystalline 
material (laths), m. p. 207° (decomp.) alone or mixed with javanicin obtained from the filtrate (see below). 

(c) The filtrate from (6) (20 1.) was extracted with ether-benzene (1:1) (4 1,). After being extracted 
once with saturated aqueous sodium hydrogen carbonate solution (11.) and washed with water (1 1.), 
the organic solvent was shaken with 1% sodium hydroxide (11.). The deep violet-purple aqueous layer 
was separated, and the pigment re-extracted into benzene (1 1.) by acidifying with l{)% phosphoric acid. 
The benzene layer was washed once with water (500 c.c.), dried, and evaporated to dryness under re- 
duced pressure. The solid residue was extracted (Soxhlet) with acetone-ethanol (I : 1) (50 c.c.). On 
cooling, almost pure javanicin, m. p. 200° (450 mg.), separated. One recrystallisation from hot acetone- 
ethanol (1 : 1) (50 c.c.) yielded pure javanicin, m. p. 207 — 208° (decomp.). Method (c) was more con- 
venient than (a) and gave consistent yields provided spore suspenjsions had been used for inoculating 
the medium. When inoculation was carried out by using a platinum loop, the yields were very variable, 
as shown below : 


Vol. of filtered metabolism solution (1.) 
Yield of pure 


20 20 20 40 

430 326 433 950 

21*6 16*3 21*7 23^ 



1027 


[ 1947 ] Production of Antibiotics by Fungi. Part III. 

Javanicin when crystallised repeatedly from ethanol separated in red laths with a coppery lustre, 
m. p. 207*6 — 208® (decomp.)- Analyses were carried out on different samples from several batches 
[Found : C, 62*1, 62*9, 61*8, 62*0, 62*4, 61*7; H, 4*96. 6*11, 4*92, 6*04, 6*11, 4*90. OMe, 10*4; side- 
chain Me (Kuhn-Roth), 9*2; active H, 0*98. requires C, 62*1; H, 4-86; 1 OMe, 10*7; 

2 Me, 10*3 ; 3 H, 1*03%]. Light absorption in ethanol ; 3030, 5050 a., log e 3*97, 3*90 ; in chloroform, 

Am*x 8070, 6100 A., log 8 3*99, 3*86. Optical activity : A solution of javanicin (24*6 mg.) in acetone 
(50 ml.) in a 1-dm. tube showed no observable rotation. 

Oxyjavanicin separated from chloroform or chloroform-light petroleum in clusters of red needles with 
a coppery lustre, m. p. 213 — 214® (decomp.; preheated bath) (Found : C, 68*6, 58*5; H, 4*65, 4*60; 
OMe, 9*9; side-chain Me, 6*3; active H, 0*79. requires C. 68*6; H, 4*61 ; OMe, 10*1 ; IMe, 

5*56 ; 2H, 0*66%), Light absorption : in chloroform, Amax. 3030, 6050 a., log e 4*08, 3*96. 

Monoacetylanhy dr 0 javanicin, — (a) From javanicin, Javanicin (38 mg.) was dissolved in redistilled 
acetic anhydride (2*5 c.c.), and a trace of concentrated sulphuric acid added. There was an immediate 
darkening, and the mixture was heated at 100® for afew seconds till most of the red colour had disappeared, 
then poured into ice-cold distilled water (10 c.c.) and set aside for J hour; a yellow solid separated 
(yield, after drying in a vacuum, 26*3 mg.), m. p. 229 — 238® (decomp.). After two recrystallisations 
from ethanol the product formed long needles, m. p. 247 — 248° (decomp.) [Found, on different samples : 
C, 64*3, 66*06; H, 4*7, 4*6; OMe, 8*2, 9*3; M (cryoscopic in camphor), 317. CiaHji 05 (OMe) requires 
C, 64*9; H, 4*6, OMe, 9*85%; M, 314]. Light absorption : in ethanol, Amax 2420, 2650, 3080, 3730 a., 
log € 4*16, 4*20, 3*97, 3*59. 

(b) From anhydrojavanicin. Anhydrojavanicin (29 mg.) was suspended in acetic anhydride (1 c.c.) 
containing a trace of concentrated sulphuric acid. On heating to 100° the colour changed to yellow. 
After 2 minutes the solution was poured on crushed ice (5 g.) and set aside for J hour, the yellow product 
separating in clusters of needles (28 mg.). After one crystallisation from ethanol, the m. p. was 249 — 
250° (decomp.) alone and when mixed with javanicin anhydromonoacetate obtained above. 

Anhydrojavanicin. — Javanicin (200 mg.) was suspended in dry ether (250 c.c.). Saturated ethereal 
hydrogen chloride (260 c.c.) was added, followed by anhydrous zinc chloride (0*6 g.). The mixture was 
shaken in a stoppered bottle for 3 hours, the colour having then changed to orange. The ethereal solu- 
tion was washed several times with water till free from acid. The aqueous layer was washed with benzene 
(3 X 150 c.c.) to remove all the pigment. The benzene layer was combined with the ethereal solution, 
again washed with water (2 X 100 c.c.), and dried (Na 2 S 04 ). After removal of solvent, the solid residue 
was crystallised twice from acetone, from which it separated in clusters of needles, m. p. 244 — 245° 
(decomp.) (Found : C, 66*4; H, 4*60; active H, 0*53. CigHigO^ requires C, 66*2; H, 4*42; one active 
H, 0*37%). Light absorption : in ethanol, Amax. 2300, 2640, 3160, 4500 a., log e 4*49, 4*12, 3*95, 3*96. 
Javanicin (17 mg.) and concentrated sulphuric acid (1 c.c.) were heated together at 100° for 90 seconds. 
The solution was poured on crushed ice (10 g.), and a brown solid separated (20 mg.). The solid gave a 
violet coloration with 10% sodium hydroxide. It was dissolved in ethanol and reprecipitated by 
adding water, and then had m. p. 229 — 233° (decomp.). Repetition of this treatment yielded 1*3 mg. 
of a product which showed the following light absorption, in ethanol : Ani*x. 2350, 3160, 3240, 4560 a. ; 
log 8 (calculated for M = 284) 4*61, 3*92, 3*92, 3*91. 

Javanicin Leucoanhydrotriacetate. — Anhydrojavanicin (250 mg.) in pyridine (20 c.c.) was warmed with 
acetic anhydride (2*6 c.c.). Zinc dust (1 g.) was added, and the reaction allowed to proceed for 5 minutes, 
the supernatant liquid then having become pale yellow. The solution was filtered and evaporated to 
small bulk.^ After a short time an almost colourless solid separated in rhombic prisms, m. p. 266 — 257° 
(decomp.) (321 mg., 87%). One recrystallisation from acetone-benzene afforded the pure 
tviacetate, m. p. 268° (decomp.) (Found : C, 63*05; H, 5*10; CHg’CO, 34*1. CjiHgoOg requires C, 63*0; 
H, 6*0; CHj'CO, 32*26%). Light absorption in dioxan : Amax. 2610 a., log e 4*92. Optical activity : A 
solution of 17*3 mg. in 2 ml. of chloroform in a 1-dm. tube showed no observable rotation. 

Diacetyljavanicin. — Javanicin (50 mg.) was dissolved in pyridine (3 c.c.) and mixed with acetic anhy- 
dride (0*2 c.c.) in pyridine (2 c.c.) . The solution was heated at 70° for 1 hour and kept at room temperature 
for a further 48 hours. After concentration to 1 c.c., a little ice was added which precipitated some 
gummy material. The supernatant liquid was decanted and further diluted with water (10 c.c.) and a 
yellow solid separated on cooling. The solid was crystallised from ethanol containing a little acetone. 
A second crystallisation from aqueous acetone yielded the pure compound (6*5 mg.) in clusters of needles, 
m. p. 207 — 208° (decomp.) (Found: C, 61*06; H, 4*95. CjaHigOg requires C, 61*0; H, 4*81%). Light 
absorption, in ethanol : Amax. 2210, 2900, 4260 a., log e 4*67, 4*17, 3*79. 

Dihemoyl Javanicin. — Javanicin (70 mg.), dissolved in pyridine (4 c.c.), was treated with benzoyl 
chloride (250 mg.). After about 10 minutes the red colour of the solution had changed to yellow. After 
a further 16 hours at room temperature, the solution was evaporated to dryness and the solid residue 
dissolved in ether-benzene (1:1) (25 c.c.). The solution was well washed with dilute hydrochloric acid 
(3 X 20 C.C.), followed by saturated aqueous sodium hydrogen carbonate (3 x 20 c.c.) and distilled 
water (20 c.c.). After drying (Na^SOJ the solvent was evaporated. The yellow residue was dissolved 
in ethanol (5 c.c.). On dilution with water (15 c.c.) some crystallisation took place, but most of the 
material was precipitated as a gum. On washing with cold ethanol, a pale yellow solid (47 mg.) was 
obtained. The product crystallised from hot ethanol-acetone (1 : 1) in bunches of needles, m. p. 216 — 
217° (decomp.; preheated bath) (Found: C. 69*8; H, 4*41. CgjHggOg requires C, 69*9; H, 4*42%). 
Light absorption in ethanol : AnM«. 2290, 2600, 3650 a., log 8 4*63, 4*44, 3*62. Optical activity : A solution 
of 6*7 mg. in 2 ml. of chloroform in a 1-dm. tube showed no observable rotation. 

Javanicin (29 mg.) was dissolved in N-sodium hydroxide (5 c.c.) and treated with sufficient iodine in 
potassium iodide to decolourise the solution completely. The solution had a strong smell of iodoform, 
and after standing at 0° overnight the precipitated iodoform was collected and dried (P*Oj) ; yield 
12*6 mg., m. p. 121 — 122° (decomp.) alone and when mixed with authentic iodoform. 

Javanicin Mono-2 : i-dinitrophenylhydrazone. — A hot solution of javanicin (25 mg.) in ethanol (3 c.c. 
and ethyl acetate (1 c.c.) was added to a cold solution of 2 : 4-dinitrophenylhydrazine, prepared by warming 
2 : 4-dinitrophenylhydra2ine (60 mg., 3 equivs.) with concentrated sulphuric acid (0*1 c.c.) till completely 
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ilissolvod, and diluting the cold solution with ethanol (1 c.c.) . A red solid was immediately precmitated. 
The solution was warmed (100®) for a few seconds and cooled in ice. The solid was hlter^ on ; yield 
34 mg. (S2%), m. p. 262—264® (decomp. ; darkening at 249®). Recrystallisation from pyridine by adding 
ethanol yielded pure javanicin mono-2 : 4-dinitrophenylhy dr ozone, s^arating in needles, m. p. 265 — 266® 
(decomp.) (Found: C, 64*2, 63*4; H, 3*9, 3-7; N, 11-9. C,iH„ 0 ,N 4 requires C, 53*6; H, 3*83; N, 
11*9%). 

Monobromoanhydrojavanicin. — Anhydrojavanicin (60 mg.) was dissolved in chloroform (10 c.c.) 
and treated with excess of bromine in chloroform. The mixture was kept for 20 minutes at room tem- 
perature and evaporated to dryness. After being washed with a little ethanol, the residual solid was 
crystallised from benzene, from which it separated as tapered laths, m. p. 269—260® (decomp.) (yield 
14 mg,). One recrystallisation from benzene-ethanol gave the pure product, m. p. 269—260® (decomp.) 
(Found : C, 61-36; H, 3-76. CiaHjiOjBr requires C, 61-3; H, 3*14%). 

Acetoxyanhydfoacetyljavanicin. — Javanicin (60 mg.) was refluxed for 16 minutes with acetic anhydride 
(6 c.c.) and anlwdrous sodium acetate (60 mg.). The solution was poured on crushed ice, and the yellow 
solid filtered off after i hour. The solid was dissolved in acetone and reprecipitated with water ; yield 
14 mg. One recrystallisation from acetone-ethanol afforded the pure compound, m. p. 266® (extensive 
decomp. ; darkening at 260°) (Found : C, 63*6; H, 4*8. CijHie 07 requires C, 64-0; H, 4-6%). 

We thank Sir Ian M. Heilbron, D.S.O., F.R.S., for his interest and encouragement, Dr. M. S. Lacey 
for bacteriological results, and the Medical Research Council and Rockefeller Foundation for financim 
assistance. 

Imperial College of Science and Technology, 

London, S.W. 7. [Received, October Zrd, 1946.] 


190 . The Course of Gydisation in the Formation of AUcyclic Rings. 
Part I. Effect of. Alkyl Ghroups on the Cyclisation of Esters of 
Polycarhoxylic Acids. 

By R. N. Chakravarti. 

The Dieckmann condensation of a simple or substituted ^-alkyl-adipic or -pimelic ester leads 
to a ketonic ester in which the reactive methylene group nearer to the alkyl radical remains 
unaffected by preference when there is an alternative way of ring formation. 


A DIFFICULTY often experienced in the synthesis of hydroaromatic ring systems is the determin- 
ation of the structure of the ketonic esters obtained by the sodium condensation of esters of 
unsymmetrical polycarhoxylic acids having two reactive methylene groups. A well-known 
example of this type is afforded by the sodium condensation of ethyl 2-methylbutane-l : 2 : 4- 
tricarboxylate (I), which, on the basis of certain oxidative degradations, was found to lead to 
the keto-ester (II) (Baker, 1931, 1648; cf. Banerjee, /. Indian Chem, Soc., 1940, 17, 423). 
More critical examination, however, revealed that the product of the condensation should be 
represented as ethyl 4-methylcyc/opentanone-2 : 4-dicarboxylate (III) (Chakravarti, /. Indian 
Chem. Soc,, 1943, 20, 173, 189, 243, 247, 399), and not (II) as was found by Baker (loc, cit,). 


C02EfCH2*CHa*CMe(C02Et)*CH,*C02Et 

(I.) 


T 


CMe*CO,Et 

CH-COgEt 

CHa CO 

(II.) 


COgEt-CH C 

(III.) 


:Me*COjEt 

:Ha 

:o 


The cyclisation of the analogously constituted ethyl 2 : 2-dimethylbutane-l : 3 : 4-tri- 
carboxylate (IV) led to the keto-ester (V) (Perkin and Thorpe, 1906, 89, 781). Also, only 
(VII) was isolated in the cyclisation of ethyl 2-methylpentane-l : 3 ; 5-tricajboxylate (VI) 
(Chakravarti, J. Indian Chem, Soc,, 1944, 21, 322).’*‘ 





CH*COaEt 
— CH*COaEt 
(V.) 


COaEt-CHa-CMe,-CH(C02Et) -CHa^COjEt (IV.) 

/CH.\ 

CO,Et-CH CH-CO,Et 

Me-CH CO 


(VI.) CO,Et-CH,*CHMe-CH(CO,Et)-CH,-CH,*CO,Et 


(VII.) 


The above results definitely lead one to believe that the methyl groups in (I), (IV), and (VI) 
exert some steric inffuence on the reactive methylene groups marked (’*), whl^ accounts for 


* Since this paper was communicated, another interesting case has been discussed elsewhere 
(Chakravarti, Expertentia, 1947, 8, 149). 
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their lesser reactivity. This effect may be due to the positive character of the alkyl group, and 
if this be true it can be concluded that the positive character of a methyl group is much more 
pronounced than the negative character of a carbethoxyl group (cf. the first example cited 
above). 

In the present instance, while devising a suitable method for the synthesis of 4 ; 4-dimethyl- 
£:y^/<?peiitanone-2-acetic acid required in connection with another work, it became necessary to 
investigate the action of sodium on ethyl pp-dimethyladipate. For this purpose, the product 
of the sodium condensation was heated with excess of methyl iodide and the resulting methylated 
keto-ester hydrolysed with dilute aqueous alkali to give a neutral ketone, b. p. 160°. It gave 
a crystalline semicarbazone, m. p. 168°, which proved to be identical with that of 
2:4: 4-trimethykyc/opentanone (Wallach, Annalen, 1918, 414, 331 ; Qudrat-i-Khuda, Nature, 
1933, 182, 210; Dey and Linstead, 1935, 1063). No evidence of the presence, in the 
hydrolysed product, of the isomeric ketone, 2:3: 3-trimethykyc/opentanone (von Kregten, 
Rec, Trav. chim., 86, 78; Noyes, Ber., 1899, 82. 2291), b. p. 167 — 169° (semicarbazone, m. p. 
222°), could be detected, thus indicating that in this cyclisation the keto-ester (VIII) is the only 
product. 

/CHjs-CHa-COaEt Na _ _ _ /CHa-npH-CO^Et 


Me. 




CHa-COaEt 


-> MeaC/ I (VIII.) 

\CH»— CO 


|MeI 

CHa— CMe-COaEt 
CHa— Co (IX.) 


MeaC/ I 


/CHa—CHMe 

'''•"< ch .4 o 


The result obtained above confirms the view already postulated that the reactivity of a 
methylene group is reduced considerably by its closer proximity to a methyl group (or any 
other alkyl group). Thus the action of sodium on the ester of a substituted p-alkyl-adipic or 
-pimelic acid (having two alternatives for cyclisation) may be expected to lead to a ketonic ester 
in which the reactive methylene group, nearer to the alkyl radical, remains unaffected by 
preference. The other isomer in such a case, if produced at all, can only be in much smaller 
amount. This view is also in line with the results obtained by the cyclisation of ethyl 
p-methyl-adipate (Dieckmann and Groeneveld, Ber,, 1900, 38, 595) and -pimelate (Einhorn and 
Klages, ihid„ 1901, 84, 3793). 

Experimental. 

/3j3-Dimethyladipic acid, required for this work, was prepared by the improved method of Rydon (/., 
1936,594; 1937,1341). 

Ethyl 2 \ 4: : 4:-TrimethylcYc\opentanone-2-carboxylate (IX). — Ethyl j9jff-dimethyladipate (20 g.) was 
heated on the water-bath with a fine suspension of sodium (3*9 g.) in anhydrous benzene (50 c.c.) The 
heating was continued for about 6 hours till the whole of the sodium had pas.sed into solution. The 
product was then cooled in ice, treated with excess of methyl iodide (20 c.c.), and kept overnight. 
The methylation was completed by heating the reaction mixture on the water-bath for 5 — 6 hours. The 
product at this stage should not give any coloration with alcoholic ferric chloride. Sufficient water was 
added to dissolve the sodium iodide, and the benzene layer was separated. It was washed thoroughly 
with water and dried (CaCla), and the solvent evaporated. The residual liquid on distillation under 
reduced pressure gave the ester as a colourless mobile oil (12 g.) with a characteristic odour, b. p. 88"/4 
mm. (Found : C. 66*5; H, 9*1. CnHigOa requires C, 66*7; H, 9*1%). 

2:4: 4:^Trimethylcyc\opentanone. — The above ketonic ester (11*5 g.) was heated on a sand-bath for 
6 hours with a solution of potassium hydroxide (12 g.) in water (160 c.c.). When cold, the product was 
taken up in ether, washed well with water, and dried (Na 2 S 04 ), and the ether removed. The liquid 
remaining was then distilled ; with the exception of a little high boiling residue, it came over constantly 
at 160®, as a colourless liquid (6*8 g.) with a peppermint-like smell (Found : C, 75*9 ; H, 11*2. Calc, for 
CgH^^O ; C, 76*2; H, 11*1%). With semicarbazide acetate in aqueous alcohol it readily gave a 
semicarbazone, which crystallised from spirit in colourless shining laminae, m. p. 168®, undepressed in 
admixture with an authentic specimen of the semicarbazone of 2 : 4 : 4-trimethykyr/(7pentanone (Found : 
C. 59*2; H, 9*4. Calc, for CpHi^ONg : C, 59*0; H, 9*3%). 

Further work with 4 : 4-dimethyky<;/opentanonc-2-acetic acid is in progress. 


My best thanks are due to Prof. J. C. Bardhan for encouragement and to Mr. J. Chakraverti for 
facilities. 


Research Laboratory, Lister Antiseptics, 
CossiPORE, Calcutta. 


[Received, November I4tth, 1946.] 
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191. Olefinic Acids. Part II. The Reactivity of (H-Bromoacrylic 
Acid and Some Related Compounds. 

By L. N. Owen and H. M. Babatunde Somade. 

a-Bromoacrylic acid reacts with alkoxides to give a-bromo-j^-alkoxy-propionic acids which, 
by further action, are converted into j5-alkoxy-acrylic and oj3-dialkoxy-propionic acids, the 
proportion of ^-alkoxy-acid being greater when the higher alkoxides are used. In contrast 
with the results obtained in the crotonic series (Part I), no a-alkoxy-acrylic acids are formed. 
Towards thioacetic acid, benzylthiol, diazomethane, and methyl diazoacetate, the order of 
decreasing reactivity is, as would be anticipated, a-bromoacrylic acid, a-bromocrotonic acid, 
a-bromo-)9)S-dimethylacrylic acid ; the products obtained by these addition reactions have 
been investigated and identified. 

The absorption spectra of several a- and j8-aikoxy-acrylic acids are recorded. 

The investigations described in Part I (Owen, 1945, 385) established that a-bromocrotonic 
acid (I ; R = Me) reacted with alkoxides (or the appropriate alcoholic alkali) to give a- and 
fi-alkoxy-crotonic acids, (II; R == Me) and (III; R = Me), the proportion of the latter being 
greater with the higher alkoxides, but attempts to isolate either of the possible intermediates 
(IV) or (V) were unsuccessful. 

R-CH:C(OR')-COaH R-CHXBfCOaH ^ R-C;C-COaH R*C(OR'):CH*COaH 



R-CH(OR')-CH(OR')-COjH < — R-CH(OR')-CHBr*C02H R‘CO-CHa-CO,H 

(VII.) (V.) (VI.) 

Baker (/., 1942, 520) in the course of attempts to prepare a-alkoxy-acrylic acids, has shown 
that afJ-dibromopropionic acid, on treatment with boiling methanolic sodium methoxide, yields 
ap-dimethoxypropionic acid, not by direct substitution, but probably via a-bromoacrylic acid. 
The presence of other products was indicated by the unsaturated nature of the crude halogen- 
free acids isolated from the reaction mixture, but these were not identified, and the exact 
mechanism of the reaction was not established. It has now been found that ^-methoxyacrylic 
acid is formed under these conditions ; on cold acid hydrolysis it gives malonic semi-aldehyde 
(VI; R = H) (2 : 4:-dinitrophenylhydrazone, m. p. 136°). 

The reaction has been more closely studied by using a-bromoacrylic acid (I ; R = H) as 
starting material, particularly with a view to comparing its behaviour with that of a-bromo- 
crotonic acid. When boiled with methanolic sodium methoxide for 3 hours, the main product 
was a-bromo-p-methoxypropionic acid (V; R =« H, R' = Me), which was isolated as its methyl 
ester, purified from unsaturated compounds by cautious treatment with aqueous permanganate, 
and characterised as the amide, m. p. 83°. The presence also of a small amount of p-methoxy- 
acrylic acid (III ; R = H, R' = Me) was demonstrated by the formation of malonic semi- 
aldehyde by acid hydrolysis of a portion of the reaction products. No a-methoxyacrylic acid 
could be detected, but, clearly, if it had been formed it might well have been converted by 
subsequent reaction with methanol into ap-dimethoxypropionic acid. This, however, has been 
shown not to be the case, since, by saponification of methyl a-methoxyacrylate, crystalline 
a-meihoxyacrylic acid, m. p. 52°, was obtained,* which was recovered unchanged after treatment 
with boiling methanolic sodium methoxide; p-methoxyacrylic acid, treated similarly, was 
likewise unaffected. 

It is evident, therefore, that a-bromoacrylic acid, in marked contrast to a-bromocrotonic 
acid, undergoes addition, rather than substitution, and gives the bromomethoxy-acid (V; 
R «= H, R' = Me), the bromine atom in which is then either eliminated as hydrogen bromide, 
forming p-methoxyacrylic acid (III; R = H, R' = Me), or replaced to give ap-dimethoxy- 
propionic acid (VII ; R == H, R' = Me). 

It was not possible to interrupt the reaction of a-bromoacrylic acid with ethanolic alkali at 
the bromo-ethoxy-acid stage, probably owing to the heterogeneous nature of the reaction mixture 
resulting from the reduced solubility of the salts in ethanol, but on taking the reaction to com- 

♦ Allpress and Haworth (/., 1924, 126, 1233) tentatively ascribed this structure to an unsaturated 
liquid acid, b. p. 65 — 75°/12 mm., obtained by the action of methyl chloroformate on fructose; it is 
possible that their product was an impure form of a-methoxyacrylic acid, although no other properties 
were given in support of the proposed constitution. 
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pletion p-etlxoxyacrylic acid was obtained, together with «p-diethoxypropionic acid, isolated as 
the ethyl ester. Treatment of a-bromoacrylic acid with potassium tsopropoxide gave a liquid 
product, containing 88% of ^-isopropoxyacrylic acid with 12% of ap-diwopropox 3 q)ropionic acid, 
which could not be separated, whilst with potassium ter^.-butoxide the only product isolated was 
crystalline ^l^-tGrt.-hutoxyacrylic acid. This progressive increase in the proportion of the 
p-alkoxy-acid as the higher alkoxides are used is similar to that observed in the case of a-bromo- 
crotonic acid; in the present reactions, however, the increase is at the expense of dialkoxy- 
propionic acid, whilst in the crotonic series it is accompanied by a diminution in the amount of 
a-alkoxy-acid. 

The absorption data for the a- and p-alkoxy-acrylic acids are shown in the table. As was 
observed in the crotonic series (Owen, loc, cit.) the p-compounds absorb more strongly than their 
a-isomerides, but in contrast, not at appreciably different wave-lengths. 


Light Absorption of Alkoxy-acvylic Acids in Alcohol, 


An fiftY ,! A# ^inax. 

a-Methoxy 2280 6000 

a-Ethoxy* 2290 7000 

2360 1 6160 



^inax.> A., 


]3-Methoxy 

2280 

14,100 

^-Ethoxy 

2300 

14,700 

P-isolPr opoxy 

2340 

14,000 t 

p-iert. -Bntoxy 

2370 

16,400 


* M. p. 61®, prepared by the method of Claisen (Ber., 1898, 31, 1019 ; cf. von Auwcrs, ihid,^ 1911, 44 , 


3524), 


t Inflection. 


X Corrected value. 


The greater ease of addition to a-halogeno-acrylic, as compared with a-halogeno-crotonic, 
acids has also been demonstrated in their reactions with a number of other reagents. a-Bromo- 
acrylic acid reacted readily with thioacetic acid to give oL~bromo-‘^-(acetylihio)propionic acid 
(VIII) ; the corresponding chloro-dicid was obtained similarly. a-Bromocrotonic acid failed to 
undergo addition of the reagent, thus indicating that diminution of ethenoid activity is brought 
about not only by the methyl group in the p-position, but also by the halogen atom, since crotonic 
acid undergoes the reaction (Holmberg and Schjanberg, Arkiv Kemi, Min, Geol., 1940, 14 ,^, 
No. 7, 22). 

With benzylthiol in pyridine solution, a-bromoacrylic acid gave ^-(benzylthio) acrylic acid 
(IX), presumably via the intermediate compound (X) ; a-bromocrotonic acid could not be induced 
to react with the reagent. 

CHa(SAc)*CHBr-C02H CHa(SBz)-CHBr*C02H CH(SB2):CH*COaH 

(VIII.) (X.) (IX.) 

Auwers and Konig (Annalen, 1932, 496 , 31) reported that methyl a-chlorocrotonate (XT ; 
R = Me, X = Cl) reacted with diazomethane to give methyl 4-methylpyrazole-3-carboxylate 
(XII ; R = Me), hydrogen chloride being spontaneously evolved by tlxe unstable intermediate 
(XIII; R = Me, X = Cl). It has now been shown that a-chloro- and a-bromo-acrylic acids, 
on treatment with diazomethane, give methyl pyrazolc-S-carboxylate (XII; R = H), whilst 
a-bromocrotonic acid gives (XII ; R = Me). a-Bromo-pp-dimethylacrylic acid, on the contrary, 
was merely converted into its methyl ester (amide, m. p. 129°) and did not undergo addition, the 
extra methyl group in the p-position being sufficient to inhibit the reaction. 

Buchner and Papandieck (Annalen, 1893, 273, 246), by treatment of methyl ap-dibromo- 
propionate with methyl diazoacetate, obtained dimethyl pyrazole-3 : 6-dicarboxylate (XIV ; 
R =s H), but did not isolate any of the intermediates. Both methyl a-bromo- and a-chloro- 
acrylate have now been found to give this product under these conditions, whilst methyl 
a-bromo- and a-chloro-crotonates reacted much less readily, and gave a small yield of methyl 
^•methylpyrazole-% \ ^-dicarboxylate (XIV; R == Me). Methyl a-bromo-pp-dimethylacrylate 
was unaflEected by methyl diazoacetate. 

In the reaction of diazomethane with a-substituted acrylic or crotonic esters (XI), provided 
that the intermediate pyrazoline (XIII) does not tend to lose HX and form pyrazoles (cf. above), 
it may lose nitrogen to give either a higher homologue (XV) of the ester (XI) or a ^jy^/opropane 
derivative (XVI). The composition of the product depends on the nature of the substituent 
X ; if it is methyl, both (XV)and (XVI) are obtained, whilst if X is a cyano- or carbalkoxy- 
group the sole product is (XV) (Auwers and Kdnig, Annalen, 1932, 496 , 262; Young, Andrews, 
Lindenbaum, and Cristol, J , Amer, Chem. Soc,, 1944, 66 , 810). It was therefore not unexpected 
to find that methyl a-methoxyacrylate (XI ; R = H, X = OMe) on reaction with diazomethane 
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gave a product which contained methyl l-methoxycyc/opropane-l-carboxylate (XVI; R =« H, 
X OMe), characterised as the amide, m. p. 117®. This -f ^ efiect of the methoxyl group in 
the a-position was also shown by the observation that although, as mentioned above, methyl 
a-methoxyacrylate was unaffected by methanolic sodium methoxide, it reacted witdi methanolic 
hydrogen chloride to give methyl aa-dimethoxypropionate. 


R-CHtCX-COaMe 

(XI.) 

R*C====9*C02Me 
MeOgC-C NH 

V 

(XIV.) 



(XV.) 


R.C==C.CO,Me 
CH NH 

V 

(xn.) 

R-CH CX-COjMe 

V 

(XVI.) 


Experimental. 

Action of Sodium Methoxide on aP~Dibromopropionic Acid, — To the acid (24 g.) in warm methanol 
(20 c.c.) was added methanolic sodium methoxide (1 10 c.c., 3-76 n) . After the vigorous reaction had sub- 
sided, the mixture was refluxed for 7 hours, during which the suspension of potassium a-bromoacrylate 
disappeared and was replaced by a granular precipitate of potassium bromide. After removal of solvent, 
the residue was dissolved in water and acidified with hydrochloric acid, with ice-cooling. Extraction 
with ether gave a syrup, which partly crystallised on standing. The solid p-methoxyacrylic acid (1*1 g.) 
was dried on porous tile; it recrystallised from water in plates, m. p. 102° (Found ; C, 47*2; H, 6*9; 
equiv., 102. C4He03 requires C, 47*1; H, 6*9%; equiv., 102). Light absorption: see Table. On 
treatment with a cold solution of 2 : 4-dinitrophenylhydra2ine sulphate in 6N-suIphuric acid for 2 hours 
it gave the 2 : 4:-dinitrophe'^iylhydrazone of malonic semi-aldehyde, which crystallised from warm ethyl 
acetate -light petroleum (b. p. 40 — 60°) in lemon-yeUow nodules, m. p. 136° (decomp.), and gave a deep 
red solution in aqueous sodium hydroxide (Found : C, 40*0; H, 3*3; N, 20*6. C0H8O4N4 requires C, 
40*3; H, 3*0; N, 20*9%), 

a-Bromoacrylic Acid, — ajS-Dibromopropionic acid (90 g.) was dissolved in water and neutralised with 
N-sodium hydroxide at 0°. An equal volume of N-sodium hydroxide was then added and the solution 
left at room temperature for 1 hour. After acidification with a slight excess of concentrated hydrochloric 
acid (Congo-red), ether extraction yielded a-bromoacrylic acid, which after recrystallisation from light 
petroleum (b, p. 60 — 80°) formed colourless prisms (61 g., 87%), m. p. 72° (lit. 70°). This improved 
procedure gives a product which, unlike less pure material, shows no sign of decomposition after being 
kept for several months. 

Reaction of a-Bromoacrylic Acid with Alkoxides. — (i) A solution of the acid (15 g.) in methanol (40 c.c.) 
was treated with methanolic sodium methoxide (36 c.c., 3*67 n) and refiuxed for 3 hours, after which it 
was evaporated to dryness, and the residue dissolved in water, acidified with hydrochloric acid, and 
extracted with ether. The liquid acid so obtained contained a small amount of )?-methoxy aery lie 
acid, since a portion, on treatment with aqueous 2 : 4-dinitrophenylhydrazine sulphate, gave the 2 : 4-di- 
nitrophenylhyclrazone of malonic semi-aldehyde, m. p. 135°. The remainder (7 g.) was dissolved in 
methyl iodide (6 c.c.) and diluted with ether (10 c.c.), and silver oxide (15 g.) was added in small portions 
during J hour. After refluxing for ^ hour, the solution was filtered and evaporated to an oil, which on 
distillation furnished a main fraction (6* 1 g.), b. p. 70 — 78°/15 mm. This was unsaturated towards alkaline 
permanganate, and gave a positive reaction on standing with aqueous 2 : 4-dinitropheuylhydra2ine sulphate. 
It was therefore suspended in dilute sodium carbonate solution and treated w'ith a slight excess of 2% 
aqueous potassium permanganate at 0°, with vigorous stirring. The recovered saturated ester (3*0 g.), 
b. p. 78°/16 mm., w]?* 1*4510, was mainly methyl o-bromo-j8-methoxypropionate, probably containing 
a small amount of methyl ajS-dimethoxyprqpionate (Found : C, 33*4 ; H, 6*7. Calc, for CjHgOaBr : 
C, 30*6; H, 4*6. Calc, for C4Ht*04 : C, 48*6; H, 8*2%). On treatment with aqueous ammonia (d 
0*880) it gave a-bromo-fl-methoxypropionamide, m. p. 83° (Found : C, 26*2 ; H, 4*6. Calc, for 
C4H808NBr : C, 26*4; H, 4*4%). 

(ii) Ethanolic sodium ethoxide (45 c.c., 2 n) was added to a-bromoacrylic acid (10 g.) in ethanol 
(10 c.c.) and the mixture was refluxed for 20 hours. The residue, after removal of solvent, was dissolved 
in water and acidified with hydrochloric acid, precipitating j5-ethoxyacrylic acid (1*0 g.), which crystallised 
from warm water in plates, m. p. 109°. Light absorption : see Table. Ether extraction of the residual 
aqueous portion gave a liquid halogen-free acid ^*1 g.), which was esterified in the usual way in ethereal 
solution with ethyl iodide and silver oxide, crude ester was then purified by treatment with 

2% potassium permanganate, as already described, and on distillation gave methyl aB-diethoxypropionote 
(1*6 g.), b. p. 87°/ll mm., 1*4130 (Found ; C, ^*8 ; H. 9*8. C,His04 requires C, 56*8; fi, 9*6%). 

(hi) a-Bromoacrylic acid (7*5 g.), dissolved in fsopropanol (60 c.c.), was treated with a solution of 
potassium (5 g.) in tsopropanol (60 c.c.), and the semi-solid mass was refluxed for 24 hours on the steam- 
bath. The solvent was then removed, and the residue dissolved in water and acidified with hydrochloric 
acid ; an oil separated, but since it could not be induced to crystallise, the whole was extracted with e'^er. 
The liquid acid so obtained (7 g.), b. p. 55°/0’001 mm., njf’ 1*4425, contained no halogen and was highly 
unsaturated. Light absorption : 2340 a. (c 12,300) (Found : equiv., 187. CeHioO, requires 

equiv., 130. C^H|g04 requires equiv., 190). On treatment with aqueous 2 : 4-dinitrophenyihydrazine 
sulphate it gave the 2 : 4-dinitrophenylhydrazone of malonic semi-aldehyde, m. p, 129° (decomp.) after 
recrystallisation from dioxan, and was therefore mainly jSI-isopropoxyacrylic acid, probably containing 
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ca. 12% a] 8 -diwopropox)racrylic acid. Attempts to isolate either component in a pure state were 
unsuccessful. 

(iv) To a warm solution of potassium (10 g.) in -butanol (200 c.c.) was added a-bromoacr>4ic acid 
(16*2 g.) in /^r/.-butanol (20 c.c.), and the semi-solid mass refluxed for 24 hours on the steam-bath. Water 
(100 c.c.) was then added and the /er/.-butanol removed under reduced pressure. The residual aqueous 
solution was acidified to Congo-red with hydrochloric acid, which precipitated fi-tert.-butoxyacrylic acid 
(3*2 g.) ; this was collected, and a further quantity (1*7 g.) obtained by extraction of the filtrate with 
ether. On recrystallisation from light petroleum (b. p. 60 — 80”) it formed long flat needles, m. p. 86-5° 
(Found: C, 58*6; H, 8 * 6 ; equiv., 144. C 7 H 12 O 3 requires C, 58*3; H, 8*4%; equiv., 144). Light 
absorption : see Table. On standing with aqueous 2 : 4-dinitrophenylhydrazine sulphate it gave the 
2 : 4 -dinitrophenylhydrazone of malonic semi-aldehyde, m. p. 131”. No other acidic products could be 
detected. 

a~M ethoxy acrylic Acid. — Methyl a-methoxyacrylate, b. p. 58 — 60®/ 15 mm., Amax. 2280 a. (c 7300), 
Ainfi. 2360 A. (c 6400), was prepared by the method of Baker (loc. cit.). The ester (2-1 g.) was heated at 
100® with aqueous sodium hydroxide (15 c.c., 2n) for IJ hours, and the solution then cooled, acidified 
with 2N-hydrochloric acid (15 c.c.), and extracted with ether. Evaporation of the dried extract gave 
a-methoxyacrylic acid ( 1*2 g.), vrhich crystallised from light petroleum (b. p. 40 — 60®) in needles, m. p. 
52° (Found: C, 46*8,* H, 5'7. C 4 He 03 requires C, 470; H, 5-9%). Light absorption: see Table. 
On standing with aqueous 2 : 4-dinitrophenylhydrazine sulphate it gave the 2 : 4-dinitrophenvlhvdrazone 
of pyruvic acid, m. p. 218®. 

Action of Sodium Methoxide on a-M ethoxy- and ^-Ethoxy -acrylic Acids. — a-Methoxyaciydic acid 
(0*2 g.) was refluxed with methanolic sodium methoxide (3 c.c., n) for 6 hours. After evaporation, 
acidification of the residue with hydrochloric acid and extraction with ether, the acid (0-17 g.), m. p. and 
mixed m. p. 50°, was recovered unchanged. /5-Ethoxyacrylic acid (0*25 g.), treated similarly, was also 
recovered ( 0-21 g.), m. p. and mixed m. p. 108®. 

a-Bromo-p-(acctylthio)propionic Acid. — a-Bromoacrylic acid (5 g.) was added in small portions 
to thioacetic acid (5 c.c.) in a flask cooled in ice. After the vigorous reaction had subsided, the solution 
was heated on the steam-bath for 15 minutes, and the excess of thioacetic acid then removed under reduced 
pressure. The solid acid obtained on cooling was recrystallised from carbon tetrachloride, from which it 
formed colourless prisms (6*9 g.), m. p. 85 — 86° (Found : C, 26*1 ; H, 3-2. CsH^OgSBr requires C, 26*4 ; 
H, 3*1%). Similar treatment of a-chloroacrylic acid (2 g.) afforded a-chloro-p-{acetylihio)propionic 
acid (3 g.), m. p. 75°, after recrystallisation from carbon tetrachloride (Found: C, 32-8; H, 3*75. 
C 5 H 7 O 3 CIS requires C, 32*9; H, 3*9%). Under the same conditions, a-bromocrotonic acid was 
recovered unchanged. 

Action of Benzylthiol on a-Bromoacrylic Acid. — The acid (0*5 g.), pyridine (0*5 c.c.), and benzylthiol 
(1 c.c.) were heated on a steam-bath for 15 minutes. The solid which separated on cooling was freed 
from adhering oil on porous tile, dissolved in dilute hydrochloric acid, and extracted with ether. Removal 
of solvent yielded ^-{benzylthio) acrylic acid, which cry.stallised from carbon tetrachloride in colourless 
plates, m. p. 162 — 163® (Found : C, 61-45 ; H, 5-3. CioHioOgS requires C, 61*8 ; H, 5*2%. Light absorp- 
tion : Amax. 2740 a. (c 15,500). Similar experiments, in which traces of hydrochloric acid or benzoyl 
peroxide were used in place of pyridine, resulted only in the recovery of unchanged bromo-acid. 

Reactions of a-Halogeno-aP-olefinic Acids with Diazomethane. — (i) a-Bromoacrylic acid (2 g.) was dis- 
solved in excess of ethereal diazomc thane and left at 20° for 5 days. After removal of solvent, the liquid 
residue was warmed to 60®, whereupon there was a vigorous evolution of hydrogen bromide and the 
formation of methyl pyrazole-3-carboxylate, which crystallised from water in colourless prisms (0-9 g.), 
m. p. 141° (Found: C, 47-6; H, 4-7; N, 22-3. Calc, for : C, 47-6; H, 4-8; N, 22-2%). 

a-Chloroacrylic acid under identical conditions gave the same product, m. p. 141®. 

(ii) a-Bromocrotonic acid (1 g.) treated similarly, gave methyl 4-methylpyrazole-3-carboxyIate 
(0-51 g.), colourless prisms from water, m. p. 170° (Found; C, 51-2; H, 5-75; N, 19-8. Calc, for 
CflHgOjjN*: C, 5105; H, 5-7; N. 19-85%). 

(iii) a-Bromo-j5)8-dimethylacrylic acid (2 g.) was dissolved in excess of ethereal diazomethane and 
the solution kept at 20® for 12 days. Removal of solvent ..ifforded a nitrogen-free product (1-8 g.), 
b. p. 98°/33 mm., which was identical with methyl a-bromo-pp-dimethylacrylate, b. p. 76°/9 mm., 
1-4909 (Found : C, 37-8; H, 4 - 8 . C^HgOgBr requires C, 37-3; H, 4-7%), prepared by esterification of 
the bromo-acid with methanol and sulphuric acid, since both specimens with aqueous ammonia (d 
0-880) gave a-bromo-pp-dimethylacrylamide, needles from light petroleum (b. p. 60 — 80°), m. p. and mixed 
m. p. 129® (Found : C, 34-0; H, 4-7; N, 7-5. C^HgONBr requires C, 33-7 ; H, 4-5; N, 7-9%). 

Reactions of Methyl a-Bromo-ap-olefinic Esters with Methyl Diazoacetate. — (i) A .solution of methyl 
a-bromoacrylate (1 g.) and methyl diazoacetate (2 g.) in light petroleum (b. p. 80 — 100°) (50 c.c.) w-as 
refluxed for 15 hours (during which the intensity of the deep yellow colour was much reduced) and then 
evaporated to dryness under reduced pressure. The solid residue of methyl pyrazole-3 : 5-dicarboxyl ate 
(1*3 g.) crystallised from water in colourless prisms, m. p. 152° (Found : N, 15-3. Calc, for C 7 H 8 O 4 N 2 : 
N, 16-2%). The same product ( 0-6 g.), m. p. 152®, was also obtained from methyl a-chloroacrylate 

ff-). 

(ii) A solution of methyl a-bromocrotonate (1 g.) and methyl diazoacetate (1 g.) in light petroleum 
(b. p. 80 — 100°) (25 c.c.) after refluxing for 24 hours was still deeply coloured, in spite of the use of the 
excess of bromo-ester. Evaporation under reduced pressure gave a small residue of methyl 4t-methyl- 
'^razole-Z : 5-dicarboxylafe, colourless prisms (0-15 g.) from water, m. p. 128 — 129® (Found : C, 48-85; 
H, 5-2; N, 14-0. C 8 H 10 O 4 N 8 requires C, 48-5; H, 6-1; N, 14-1%), which was also obtained, in similar 
yi®ldj from methyl a-chlorocrotonate under the same conditions. 

(iii) A solution of methyl a-bromo-j 8 / 3 -dimethylacrylate (1 g.) and methyl diazoacetate (1 g.) in 
light petroleum (b. p. 80 — 100°) (20 c.c.) was refluxed for 4 days, after which the solvent and diazo-ester 
were removed under reduced pressure. The residual nitrogen-free liquid, b. p. 70®/6 mm,, was unchanged 
bromo-ester, identified by conversion into the amide, m. p. and mixed m. p. 128°. 

Action of Diazomethane on Methyl a-Methoxy acrylate. — The methoxy-ester (1 g.) was treated with 
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excels of ethereal diazomethane at 20® for 4 days. Removal of solvent gave a liquid, b. p. ca, 136°, 
which by treatment with aqueous ammonia {a 0*880) was converted into l-methoxycYclopfopmeA^ 
carboxyamide i this crystallised from light petroleum (b. p. 40 — 00°) in colourless needles, m. p. 117°, 
which showed no unsaturation towards alkaline permanganate (Found: C, 62*2; H, 8*0; 5r, 11*9. 
CsHgOjN requires C, 62-2; H, 7*9; N, 12*2%). 

AcHon of MethanoHc Hydrogen Chloride on Methyl Methoxy acrylate . — ^The methoxy-ester (1 g.) was 
dissolved in methanol (6 c.c.) and saturated with dry hydrogen chloride at 0°. After J hour, the hydrogen 
chloride was removed by aeration and finally by neutralisation with bariuin carbonate. Evaj^ration 
of the solvent and extraction of the residue with ether gave methyl aa-dimethoxypropionate, b. p. 
67°/20 mm., which on treatment with methanolic 2 : 4-dinitrophenylhydrazine sulphate gave the 
2 : 4-dinitrophenylhydrazone of methyl pyruvate, m. p. 186 — 187° ; it was also characterised by conversion, 
with aqueous ammonia, into aa-dimethoxypropionamide, m. p. 117° (Found: N, 10-6, Calc, for 
CjHnOaN : N, 10-6%). 

The authors thank Dr. E. A. Braude for the determinations of absorption spectra. 

Imperial College of Science and Technology, 

London, S.W. 7. [Received, November 20^A, 1946.] 


192 . Tetrahydroacridones and Related Compounds as Antimalarials. 

By (Miss) J. M. L. Stephen, (Miss) I. M. Tonkin, and James Walker. 

Tetrahydroacridones, 12-hydroxydihydro-j8-quinindenes, and 2- and 4-hydroxyquinolines 
have been examined for antimalarial activity. Marked prophylactic action has been found 
against P. gallinaceum infections in chicks and the structural requirements for activity are 
outlined. The experimental conditions for the Conrad-Limpach ring-closure of jS-arylamino- 
A®^-unsatiirated esters are discussed. 


There are two approaches to the chemotherapy of malaria. The prophylactic approach aims 
at rendering the bite of the mosquito ineffective in producing an infection and the therapeutic 
approach aims at the eradication of an established infection; the former is directed at the 
sporozoites injected by the mosquito and the subsequent (primary) tissue phase development, 
while the latter aims at control during the later erythrocytic stages in the developmental cycle 
of the parasite. Quinine, mepacrine, and pamaquin, to which paludrine and several 4-dialkyl- 
aminoalkylaminoquinolines may now be added, are well-established examples of drugs possessing 
the latter type of action but, until recently, there have been few reports of drugs exhibiting 
causal prophylactic activity. Pamaquin has a slight prophylactic action (Kikuth and Mudrow, 
Z, Immun-Forsch., 1939, 95, 286; Mudrow, Arch. Schiffs- u. Trppen-Hygiene, 1940, 44, 267). 
Certain sulphonamides (Sinton, Hutton, and Shute, Ann. Trop. Med. Parasit., 1939, 33, 37 ; 
Coatney and Cooper, Puhl. Hlth. Rep., Wash., 1944, 69, 1465; Coggeshall, Porter, and Laird, 
Proc. Soc. Exp. Biol, Med., 1944, 67, 286; Freire and Paraense, Rev. Brasil. Biol., 1944, 4, 27) 
have a marked causal prophylactic action, as does paludrine (Curd, Davey, and Rose, Ann. 
Trop. Med. Parasit., 1946, 39, 208), while p-methylsulphonylbenzamidine (Fuller, Tonkin, and 
Walker, /., 1945, 633) and some arylguanidines (IQng and Tonkin, /., 1946, 1063) have a slight 
effect. When the war in Europe ended, reports came to hand (Fitch, Pharm. J., 1946, 165, 
182; Combined Intelligence Objectives Sub^Committee, 1946, Item No. 24, File No. XXIII-12; 
idem. File No. XXIV--20; idem. File No. XXV~64) that German workers had encountered 
causal prophylactic activity in certain 4-hydroxyquinolines, notably 4-hydroxy- 7-methoxy- 3- w- 
heptylquinaldine (1) (endochin), and the present authors at once recorded, in a preliminary 
way, similar observations with a chemically related series {Nature, 1946, 156, 629) ; the present 
paper describes this work in detail. 

An examination of a number of tetrahydroacridones (II), 12-hydroxy-2 : 3-dihydro-p- 
quinindenes (III) (for numbering, see Blount, Perkin, and Plant, J., 1929, 1976), and 2- and 4- 
hydroxyquinolines for causal prophylactic activity in Plasmodium gallinaceum infections in 
chicks revealed definite activity in compounds conforming to t 5 rpe (IV), of which (I), (II), and 


OH 



nw rw 



OH 



(I*) 


(IH.) (IV.) 


(Ill) are representative, R' and R" being saturated hydrocarbon residues. For example, 
3-methoxyacridone showed no activity while its tetrahydro-derivative, 7-methoxy-1 : 2 : 3 ; 4- 
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tetrahydroacridone (V), was the most active substance encountered, being, on a weight basis, 
about twice as active as sulphadiazine and four times as active as endochin (I), our investigations 
being ultimately extended to include comparison with this substance. Access to compounds of 
types (II), (III)» aJid (IV) was obtained by condensation of the appropriate aromatic primary 
amines and p-keto-esters, followed by thermal cyclization of the resulting |^-arylamino-A®^- 
unsaturated esters. This reaction was described first for ethyl acetoacetate by Conrad and 
Limpach (Ber,, 1887, 20 , 944) who simply heated tlie intermediate products to about 260° and 
rarely obtained yields greater than 30%. The reaction was used by numerous workers in the 
interval and many years elapsed before Limpach (Ber,, 1931, 64, 969; D.R.-P. 455,387) made 
the significant improvement of effecting ring-closure by adding the intermediate products to 
liquid paraf&n preheated to 260 — 280° and claimed yields of over 90%. Our own experience 
has been that decomposition is frequently excessive under Limpach ’s conditions as the products 
separate on the walls of the reaction vessel and there become overheated, and the yields are not 
as good as those claimed ; other criticisms have been advanced by Maurin {Ann. Chim., 1936, 4 , 
309). Ashley et al. (Proc. Roy. Soc., 1933, J5, 113, 295) used molten paraffin wax which was 
subsequently removed by a solvent. It was obvious to us that the best thermal control and 
mixing could be obtained by using a vigorously boiling inert solvent of suitable boiling point. 
For several years, therefore, we have used vigorously boiling diphenyl (b. p. 266°) for this 
purpose and have obtained clean products in good yield thereby ; American workers (Price and 
Roberts, J. Amer. Chem. Soc., 1946, 68 , 1204; Steck, Hallock, and Holland, ibid., p. 1241) have 
recently described the use of diphenyl ether and the eutectic of diphenyl and diphenyl ether 
(Dowtherm A) for this purpose, the latter having the advantage of being liquid at room 
temperature. Other high boiling inert solvents should be equally suitable, quinoline, for 
example, having been applied for this purpose (Dr. F. H. S. Curd, private communication). 

With 0 - and ^-substituted amines the constitutions of the products formed in the Conrad— 
Limpach reaction are unequivocal. With m-substituted amines, however, two products may be 
obtained since ring-closure may take place at either the 2- or the 6-position of the aryl amino- 
group; both were isolated in the ring-closures of ethyl 2-m-anisidinoc>’6/ohex-l-enecarboxylate, 
which yielded 8- (VI) and ^-mcthoxy-l : 2 : 3 : ^-tetrahydroacridone (VII), and ethyl p-m- 
anisidino-a-w-heptylcrotonate, which yielded endochin (I), m. p. 213 — 214°, and the isomeric 
^rhydroxy-b-methoxy-Z-n-heptylqiiinaldine (VHI), m. p. 219 — 220°. Leonard, Herbrandson, and 
Van Heyningen (/. Amer. Chem. Soc., 1946, 68, 1279) have recently studied the latter ring- 
closure but do not record the isolation of (VIII) and claim, on the basis of analytical data, to 
have isolated the demethylated substance, 4 : 6-dihydroxy-3-w-heptylquinaldine, m. p. 218 — 
218*5° (corr.), in addition to (I), m. p. 218*6 — 219*5° (corr.). In both these cases ring-closure at 
the position para to the methoxyl group greatly preponderated, in contrast with the purely 
aromatic series where approximately equal proportions of 2- and 4-methox3"acridones are formed 
in the ring-closure of A-m-anisylanthranilic acid (Lehmstedt and Schrader, Ber., 1937, 70 , 838). 
An authentic specimen of (VI) was obtained by applying the Niementowski-Borsche-Tiedtke 
reaction to 4-methoxyanthranilic acid and cyc/ohexanone, but the yield was poor because of 
the ease with which this particular anthranilic acid undergoes decarboxylation. The melting 
points of 7-methoxy- (V) and 7-ethoxy- 1 : 2 : 3 : 4- tetrahydroacridone (X) recorded here differ 
from those recorded in the literature (see pp. 1036, 1037), but we have carefully repeated these 
preparations and have fully confirmed our own observations. 

Tests for causal prophylactic activity in P. gallinacetim infections in 10-day old chicks were 
carried out using the technique previously outlined (Fuller, Tonkin, and Walker, loc. cii.\ 
King and Tonkin, loc. cit.) and the results are recorded in the Table. The minimal effective 
doses are those, given orally twice daily for the first four days and commencing two hours before 
infection, which gave definite indications of activity in comparison with untreated controls. In 
some cases no parasites were observed in the blood during the period of observation; sub- 
inoculations into clean chicks from such birds were carried out in a few cases and, if no infection 
resulted in the recipients, the donors were considered as having been sterilized of their 
infections (S). Where no sub-inoculations were carried out the result is recorded as presumably 
sterilized ( ? S). These observations (S and ? S) were, of course, made on higher dosages than 
those recorded as minimal. In a number of cases tests for therapeutic activity were carried out 
and the results are recorded in the Table ; -f denotes definite action, H — slight action, and 
— no action. The following substances, prepared by known methods, were also examined for 
prophylactic action and found to be inactive : 2 : 4-dihydroxyquinoline, 4-hydroxyquinaldine, 
4-hydroxy- 6-methoxyqumaldine, 4-hydroxy- 8-methoxyquinaldine, 2-hydroxy- 6-methoxy- 
lepidine, 1:2:3: 4-tetrahydroacridone, and 3-methoxyacridone. From an inspection of the 
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Table and the preceding list, it is obvious that activity was only to be found in substances 
conforming to type (IV), as mentioned above. The necessity for the presence of a substituent 
in the benzene ring is clearly indicated by the inactivity of the simple 1:2:3: 4-tetrahydro- 
acridone and, of the substituents examined, methoxyl was more favourable than chloro-, which 
was more favourable than the ethoxyl group as indicated by the order of activities, (V)> 
(XI) > (X), and (XXIV) == (XXVI) > (XXV). The effect of the position of the methoxyl 
group in the benzene ring was marked, the position corresponding to the 7-position of quinoline 
being as a rule favourable as indicated by endochin (I), in which R' and R" of (IV) are of 
unequal size, but where R' and R" are of equal size as in (V), (VI), and (IX) the position 
corresponding to the 6-position of quinoline appeared to be most favourable, and weighting the 
alicyclic ring had a dystherapeutic effect. 


Experimental. 

General Method for the Synthesis of \ \ ^Tetrahydroacridones, l2-Hydroxy~2 : Z-dihydro-p- 

guinindenes, and ^-Hydroxyquinolines . — Equimolecular amounts, usually 0*1 g.-mol., of the appropriate 
aromatic primary aniine and )5-keto-ester were mixed — with warming, if necessary, in the case of solid 
amines- — and the mixture, treated with one drop of concentrated hydrochloric acid (Coffey, Thomson, 
and Wilson, / 1936, 856), was set aside in a partly evacuated desiccator for several days at 37®. The 
cmde /9-ary]amino-A®^-unsaturated esters were cyclized by being added slowly to a weight of boiling 
diphenyl four times that of the combined starting materials. Evolution of alcohol took place readily 
and the boiling solutions were refluxed for 15 minutes after the end of the addition. On cooling, the 
products usually crystallised when the temperature fell to about 100°. When cold, the diphenyl was 
removed with ether, and the crude products, usually cream-coloured, were crystallised from suitable 
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Prophylactic Test. 

Therapeutic Test. 

Tetrahydroacridones : 

Min. effective dose 
(mg./lOO g. chick). 

Remarks. 


(V) 7-Methoxy- 

12-5 

?S 

+ 

(VI) 8-Mcthoxy- 

25 


4-- 

(IX) 9-Methoxy- 

37-6 



(X) 7-Ethoxv- 

(XI) 7-Chloro- 

.. inactive 

100 

slight act. 

S 


(XII) 7-Methvl- 

(XIII) 7 : 8-Dimethoxy- 

(XIV) 7-Methoxy-3'mcthyl- 

(XV) S~Methoxy~2-methyU 

.. inactive * 

inactive * 
inactive ♦ 

50 


(XVI) ^-Mcthoxy-^~meihyU 

(XVII) l-Methoxy-\-methyh 

60 

62-6 

toxic 


(XVHl) S-M ethoxy A-niethyl- 

ca, 25 

S 


(XIX) \)-Methoxy-l-methyl- 

60 

toxic 


(XX) l-Methoxv-^-ethvU 

(XXI) S'-Methoxy-3~ethvl- 

inactive * 

100 

.?S 


(XXII) 9~Methoxv-2-ethvl- 

(XXIII) 1-MethoxV’l-ethyl- 

.. inactive * 

100 

very slight 


Dihydro-j8-quinindenes : 

(XXIV) l2-Hydroxy-9-methoxy- ... 

37-5 


-f 

(XXV) i2-}iydroxv-^~ethoxv^ 

(XXVI) 12-Hydroxy-^d-chloro- 

... inactive 

31 



4-Hydroxyquinaldines : 

(XXVII) Q-Methoxy-2-ethyl- 

.. inactive 

toxic 


(XXV 111) t^-MethoxV'-^-'UrheptyU 

(I) 7-Methoxy-3-u-heptvl- ... 

inactive * 

50 

S 

+ 

(XXIX) H-MethoxyS-n-heptyl- . .. 

Sulphadiazine 

ca, 100 

25 



* Highest dose tested : 100 mg. 


solvents. Dij^enyl w^as used in the same arbitrarily selected proportion throughout, but recent work 
(Price and Roberts, loc, cit.) indicates that there may be an optimal concentrauon for each particular 
rmg-closure. ^ 


2'-Ij^thoxyAi 2:3: ^-tetrahydroacridone (V). — ^Obtained in an overall yield of 86% from ^-anisidine 
and ethyl cyc/ohexanone-2-carbo5:ylate, the compound crystallised from alcohol or, better, pyridine in 
flat rectM^to pla^, m. p. 313» (Found : C, 73-6: H, 6-6; N. 6-8. Calc, for C. 73-4 : 

H, 6-6 ; N, e;l%). and Das Gupta (/. Indian Chem. Soc., 1937, 14, 468) record m. p. 296° ; Hughes 

and laons (/. A-oc. Soc., Niw South Wales. 1938, 71, 468) record m. p. 284°; Bukhsh and ISssai 
(Proc, Indian Acad, Set,, 1939, A , 10, 262) record m. p. 286 — 286®. The intermediate ethyl 2-^-anisidino- 
cyclohex-l-enecarboxylate separated from methyl alcohol in prisms, m. p. 70® (Found : C, 69-7 ; H, 7*7 ; 
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N, 5*4. Calc, for CieH*iOjN : C, 69*9; H, 7*6; N, 5*1%). Hughes and Lions (loc, cit.) record m. p, 
71®; Bukhsh and Desai {loc, cit.) record m. p. 71 — 72®. 

S^MethoxyA : 2 : 3 : 4^-tetrahydroacridone (VI). — (a) 4-Methoxyanthranilic acid (4 g.) (preparation 
below) and ^^yc/ohexanone (4 g.) were mixed and heated to 220° fairly rapidly and the mixture was kept 
at 220—230° for an hour. The mixture was cooled and treated’ with ether to remove w-anisidine, 
arising from decarboxylation, and unreacted cyc/ohexanone. The insoluble S-meihoxytetrahydroacridone 
(0-3 g. ; 5%) separated from spirit in small hexagonal plates, m. p. 309° (Found : C, 73 0; H, 6*5; 
N, 6'3. C14H15O2N requires C, 73*4; H, 6*6; N, 6-1%). The w-anisidine, arising as a by-product, was 

characterised as the acetyl derivative, m. p. and mixed m. p. 80°. 

(b) The crude cyclization product obtained in 72% yield from m-anisidinc and ethyl cyr/ohexanone-2- 
carboxylate was a mixture of the 8- and 6-methoxy-compounds which could "not be separated 
satisfactorily by crystallisation. The mixture (17 g.) was therefore dissolved in twice its weight of warm 
glacial acetic acid and then treated with IJ volumes of concentrated hydrochloric acid. The 
hydrochloride, which separated on cooling in the ice-chest, was collected and drained thoroughly. The 
base (10-7 g.), regenerated from the solid hydrochloride with aqueous ammonia, then separated from spirit 
in hexagonal plates, m. p. and mixed m. p. 309° (Found : C, 73T ; H, 6-6; N, 6-3%). 

6-Methoxy-l : 2 : 3 : 4:~tetrahydroacridofie (VII). — ^The acetic-hydrochloric acid mother liquors from 
the above experiment, on evaporation to dryness and treatment with aqueous ammonia, afforded the 
crude 6-methoxy-isomcT (5*9 g.) which separated from spirit in flattened needles (1*4 g.), m. p. 326°, 
depressed to 284° on admixture with the 8-methoxv-compound formed in the same reaction (Found : 
C, 73*5; H, 6-5; N, 61. CiJiigOgN requires C, 73*4; H, 6*6; N, 61%). 

d’Methoxy~l : 2 : 3 : ^-tetrahydroacridone (IX). — Obtained in 60% yield from o-anisidine and ethyl 
cyc/ohexanone-2-carboxylatc, the compound separated from i«-butyl alcohol in plates, m. p. 286 — 288° 
(Found : C, 73*5; H, 6*6; N. 6-4. Calc, for : C, 73*4; H, 6*6; N, 61%). Hughes and 

Lions {loc. cit.) record m. p. 278° ; Bukhsh and Desai {loc. cit.) record m. p. 277 — 279°. 

T-Ethoxy-l : 2 : 3 : 4:'tetrahydroacridone (X). — Obtained in 87% yield from />-phenetidinc and ethyl 
cyc/<3hexanone-2-carboxylate, the compound separated from pyridine in needles or from alcohol in prisms, 
m. p. 292— 293° (Found : C, 74*1; H,7*l; N; .5*8. Calc, for : C, 74*1; H, 7 0; X, r)-8%). 

Hughes and Lions {loc. cit.) record m. p. > 300°; Bukhsh and Desai {loc, cit.) record m. p. >350°. 
The intermediate ethyl 2-/)-phenetidinocyc/ohex-l-enecarboxylate separated from alcohol in long prisms, 
m.p. 87° (Found: C, 70*0; H, 8-0; N, 4*9. Calc, for C17H23O3N : C, 70-6; H. 8*0; N, 4-9%). Hughes 
and Lions (loc, cit.) record m. p. 87° ; Bukhsh and Desai (loc. cit.) record m. p. 88°. 

l-Chloro-l : 2 ; 3 : 4-tetrahydyoacridone (XI). — Obtained in 74% yield from />-chloroaniline and ethyl 
r'vc/ohcxanone-2-carboxylate, the compound crystallised from alcohol in microscopic prisms, m. p. > 330 ’ 
(Found: C, 67-0; H, 5-3; N, 6-2. Calc, for CigHi.ONCl : C, 66-9; H, 5*1 ; N, 60%). Basil and 
Das Gupta (loc. cit.) record m.p. 380°, The intermediate ethyl 2-/?-chloroanilinoryr/ehex-l-enecarboxylate 
separated from aqueous alcohol in short prisms, m. p. 67°, whereas Basu and Das Gujita (loc. cit.) record 
m. p. 90° (Found : C, 64*7; H, 6*7; N, 5-2. Calc, for CigHigOgNCl : C, 64*4; H, 6 4; N, 5-0%). 

l-MethyUl : 2 : 3 : 4~tetrahydroacridone (XII). — Obtained in 40% yield from ^-toluidiiie and ethyl 
6'yf:/ohexanone-2-carboxylate, the compound separated from aqueous acetic acid in thin laths, m. p. 

> 330° (Found: C. 78*9; H, 7-1 ; N, 6*8. Calc, for C^H^rON : C, 78-9; H, 7-0; N, 6-6%). Sen and 
Basu (7. Indian Chem. Soc., 1930, 7, 436) record m. p. 340°; Reed (/., 1944, 425) records m. p. 374°. 

7 : S-Dimethoxy-l : 2 : 3 : 4-tetrahydfoacYidone (XIII). — Obtained in 65% yield from 4-aminoveratrole 
and ethyl cyc/ohexanone-2-carboxylate, the compound separated from aqueous alcohol in microscopic 
plates, m. p. > 330° (Found: C, 69*9; H, 6-6; N, 5*6. Calc, for C15H17O3N : C, 69-5; H, 6-6; N, 
6*4%). Lions (ibid., p. 242) records m. p. > 300°. 

l2-Hydroxy-9-methoxy-2 : Z-dihydro-p^quinindene (XXIV). — Obtained in 59% yield from ^-anisidine 
and ethyl cyr/opentanone-2-carboxylate, the compound separated from alcohol in fine needles, m. p. 

> 330° with prior darkening (Found : C, 72-7; H, 6-3; N, 6-7. C13H13O2N requires C, 72-6; H, 6-1 ; 
N, 6*5%). The intermediate ethyl 2~i^-anisidinocyc\opent-\~enecarhoxylate separated from aqueous 
alcohol in short needles, m. p. 54—55° (Found : C, 69-0 ; H, 7-3. CigHipO^N requires C, 68-9 ; H, 7*3%). 

\2~Hydroxy-9-ethoxy-2 : S-dikydro-fi-quinindene (XXV). — Obtained in 59% yield from ^-phenetidine 
and ethyl c:y£;/(?pentanone-2-carboxylate, the compound crystallised from alcohol in aggregates of 
iTOgular plates, m. p. approx. 300° with previous darkening (Found: C, 73-4; H, 6*1; N, 6-2. 

requires C, 73*4; H, 6-6; N, 6-1%), The intermediate ethyl 2--p-phenetidinocyclopent-l-ene- 
carboxylate separated from spirit in short prisms, m. p. 63° (Found: C, 70*0; H, 7*7; N, 51. 
CieHjiOaN requires C, 69*9; H, 7*6; N, 6*1%). 

9-Chloro-\2-hydroxy-2 : Z-dihydro-P~quinindene (XXVI). — Obtained in 60% yield from ^-chloroanilinc 
and ethyl c:yc/opentanone-2-carboxylate, the compound crystallised from aqueous acetic acid in long 
needles, m. p. approx. 330° with prior darkening (Found: C, 65*8; H, 4-6; X", 6-6. CjoHjoOXCl 
requires C, 65*8; H. 4*6; N, 6*4%). 

I -M ethoxy ’’Z-methyUl : 2 : 3 : 4t-tetrahydroacridone (XIV). — Obtained in 40% yield from /)-anisidine 
and ethyl 4-methylcyc/ohexanone-2-carboxylate, the compound separated from 50% alcohol or aqueous 
pyridine in microscopic rectangular plates, m. p. 346 — 347° (Found : C, 73*9; H, 7*1 ; N, 6*1. Calc, 
for CjjHj^OjN : C, 74*1 ; H, 7*0; N, 6*8%). Basu and Das Gupta (loc. cit.) record m. p. 336°. 

Z-Methoxy-Z-methyUl ‘. 2 '. Z : 4-tetrahydroacYidone (XV). — Presumably contaminated initially with 
the 6-methoxy-isomer in the reaction product obtained in 56% yield from m-anisidine and ethyl 
4-methylcyc/ohexanone-2-carboxylate, the compound separated from pyridine in microscopic needles, 
m. p. 324° (Found : C, 74*2; H, 6*8; N, 6*1. CisH^OgN requires C, 74*1 ; H, 7 0; X. 5*8%). 

9-Methoxy-Z-methyl-\ : 2 : 3 : ^-tetrahydroacridone (XVI). — Obtained in 62% yield from o-anisidinc 
and ethyl 4-methykyc/ohexanone-2-carboxylate, the compound separated from alcohol in rectangular 
plates, m. p. 270—273° (Found; C, 73*7; H, 7*1; N. 61. CijHivOjN requires C, 74*1; H, 70; 

6*8%), 

I-Methoxy-l-methyUl : 2 : 3 : 4-tetrahydroacridone (XVII). — Obtained in 41% yield from /)-anisidine 
and ethyl 6-methylcyc/ohexanone-2-carboxylate, the compound separated from aqueous alcohol in 
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rectstiigular plates, m. p. 280—281® (Found: C, 73*8 j H, 7*0 j N, 6*7. Ci 4 Hi 70 j|N requires C, 74*1; 

: 2 ; 3 : 4t-tetrahydfoacfidone (XVIII).— Obtained in 23% 3deld from w-anisidine 
and ethyl 6-methylcrc/ohexanone-2-carboxylate, the compound crystallised from spirit in fine needles* 
nx. p. 277— 278® (Found : C, 74*0; H* 7*2; N, 6*6. CigH^OaN requires C, 74*1 ; H, 7*0: N, 6*8%). 

^-‘Methoxy-l-methyl-l : 2 : 3 : 4r-tetrahydfoacfidone (XIX). — Obtained in 24% yield from o-anisidine 
and ethyl 6-methylcy£/ohexanone-2-carboxylate, the compound separated from ethyl acetate in small 
cubes, m. p. 246 — 246° (Found: C, 74*0; H, 7*4; N, 6*9. Ci 5 Hi 70 aN requires C, 74*1; H* 7*0; N* 


5 * 8 ^ ). 

l-idethoxy-Z-ethyhl : 2 : 3 : i-ietrahydroacridone (XX). — Obtained in 72% yield from ;^-anisidine and 
ethyl 4-ethykyc/ohexanone-2-carboxylate, the compound separated from alcohol in rectangular plates, 
m. p. 334° (Found : C, 74*9; H, 7*1; N, 6*7. CnHigOaN requires C, 74*7; H, 7*4; N, 6*4%). 

^-Mcthoxy-^-ethyUl : 2 : 3 : 4r-tctrahydfoacfidone (XXI). — Obtained in 64% yield from f»-anisidine 
and ethyl 4-ethykyi:/ohexanone*2-carboxylate, the compound was purified with some difficulty from the 
6-methoxy-isamer, formed simultaneously, by crystallisation from methyl alcohol and separated in fine 
flattened net^dles, m. p. 291° (Found : C, 74*8; H, 7*4; N, 6*6. CigHijOgN requires C, 74*7; H, 7*4; 
N, 6-4%). A pure specimen of the 6-methoxy>isomer was not isolated. 

Q-Methoxy-3-ethyl-l : 2 : 3 : 4:-tetrahydroacridone (XXII). — Obtained in 64% yield from o-anisidine and 
ethyl 4-ethykyc/ohexanone-2-carboxylate, the compound separated from spirit in microscopic prisms* 
m. p. 218—219° (Found : C, 74*6; H, 7*2; N, 5*6. CigHigOgN requires C, 74*7; H, 7*4; N, 5*4%). 
The intermediate ethyl 2,-o-anisidino-&-ethylcyc\oheX'\-enecarhoxylate separated from methyl alcohol in 
rectangular plates, m. p. 60° (Found : C, 70*8; H, 8*6; N, 4*9. CigHggOgN requires C, 71*3; H, 8*3; 


N, 4*6%). 

l-Methoxy-l’Cthyl-l : 2 : 3 : ^L-tetrahydfoacndone (XXIII). — Obtained in 40% yield from /)-anisidine 
and ethyl 6-ethykyc/ohexanone-2-carboxylate, the compound separated from methyl alcohol in 
rectangular plates, m. p. 262 — 253° (Found: C, 74*9; H, 7*7; N, 5*8. CjgHigOaN requires C, 74*7; 
H, 7*4; N, 6*4%). 

4t-Hydroxy-^~methoxy-Z-ethylquinaldine (XXVII). — Obtained in 46% yield from ^-anisidine and ethyl 
a-ethvlacetoacetate, the compound separated from pyridine in fine needles, m. p. 290° (Found : C, 72*0; 
H, 7*0; N, 6*6. CiaHigOgN requires C, 72*0; H, 7*0; N, 6*5%). 

4t-Hydroxy-tS-methoxy-Z-n-heptylquinaldine (XXVlll). — Obtained in 77% yield from />-anisidine and 
ethyl a-w-heptylacetoacetate, the compound separated from methyl alcohol in fine rectangular plates, 
m. p. 236—237° (Found : C, 75*6; H, 8*9; N, 5*0. CisHseOgN requires C, 76*3; H, 8*7; N, 4*9%). 

ii-Hydroxy-l’-melhoxy-3-n-heptylquinaldine (Endochin) (I) and ^-Hydroxy-ty-methoxy-^-n-heptyl- 
quinaldine (VITT). — A mixture of isomers was obtained in 61% yield from w-anisidine and ethyl a-n- 
heptylacetoacetate, which were allowed to interact in the first stage for 7 days at 37°. Crystallisation 
from methyl alcohol readily afforded the bulk (ca. 2/3) of the product, consisting of (I), which separated 
in fine flattened ncedle.s, m. p. 213 — 214° (Found: C, 76*7; H, 8*5; N, 6*2. Calc, for C 18 H 26 O 2 N : 
C, 75*3; H, 8*7; N, 4*9%). Combined Intelligence Objectives Sub-Committee, 1945, Item No. 24, File 
No. XXV— 54 (p. 38) records m. p. 207 — 212° ; Leonard et al. {loc. cit.) record m. p. 218*6 — 219*5° (corr.). 

The mother liquors on concentration to small bulk afforded an obvious mixture (7*9 g.), m. p. 180— 
185°. This mixture on treatment with N-hydrochloric acid (100 c.c.) gave a sticky gum which slowly 
hardened. The solid was collected and the acid filtrate yielded only traces of material (< 0*1 g.) on 
treatment with excess of ammonia. The solid dissolved readily in methyl alcohol and the clear solution 


was evaporated to a syrupy consistency. On addition of water (ca. 40 c.c.) a sticky gum reappeared, 
giving way, on addition of methyl alcohol (ca. 20 c.c.), to fine needles. These were collected, the mother 


liquors being retained (see below), and, on treatment in methyl alcoholic solution with aqueous ammonia, 
afforded a further amount (4*4 g.) of (I), m. p. and mixed m. x). 213 — 214°. The aqueous methyl alcohol 
mother liquors, on treatment with aqueous ammonia, afforded (VIII) (2*96 g.), m. p. 213°, depressed to 
173 — 193° on admixture with (I) . The pure compound separated from a small volume of methyl alcohol, 
or from a larger volume of 60% ethyl alcohol, in clusters of fine needles, m. p. 219 — 220° (Found : 
C, 75*4; H, 8*5; N, 4*7; OMe, 10*2. CisHjgOjN requires C, 76*3; H, 8*7; N, 4*9; OMe. 10*8%). 

^Hydroxy-H-methoxy-3-n-heptylquinaldine (XXIX). — Obtained in 60% yield from o-anisidine and 
ethyl a-n-heptylacetoacetate, the compound crystallised from methyl alcohol in fine prisms, m. p. 166— 
156° (Found: C, 75*1; H, 8*9; N, 5*1. CisHgjO.N requires C, 76*3 ; H, 8*7; N, 4*9%). 

2-Nitro-4t-methoxy phenyl Cyanide. — 3-Nitro-4-aminoanjsole was submitted to the Sandmeyer reaction 
using a technique previously described (Fuller, Tonkin, and Walker, loc, cit.), affording a 75% yield of 
recrystallised material separating from methyl alcohol in small plates, m. p. 139° (Found : N, 15*7. 
Calc, for CgHeCjN- : N, 15*7%). Cook et al. (/.* 1946, 861), using cuprous cyanide, obtained a somewhat 
lower yield (crude) and record m, p. 140°. 

2-Nitro-^-methoxybensoic Acid. — The preceding cyanide (60 g.) was refluxed for 5 hours with a 
mixture of equal volumes of glacial acetic acid, concentrated sulphuric acid, and water (each 100 c.c.), 
crystals separating after about 1 J hours. The cooled mixture was treated with abput 2 volumes of water 
and the product was collected and re-precipitated (46 g.) from solution in aqueous ammonia; m. p. 
195 — 196° as recorded by Simonsen and Rau (/., 1917* 111 , 235) and by Ashley, Perkin, and Robinson 
(/., 1930, 393). 

ethoxy anthfanilic Acid. — ^The preceding nitro-acid (45 g.) was dissolved in a slight excess of 
2N»ammonia and hydrogenated in the presence of palladised strontium carbonate (6 g.) at 46 atm. The 
calculated fall in pressure was observed in about 20 minutes* and absorption of hydrogen then ceased. 
The filtered solution was acidified to about pH 4 and the product (36*4 g.) was collected ; m. p. 180° 
(efferv.). On account of ready decarboxylation, recrystallisation from ca. 40% aqueous acetic acid was 
wasteful but afforded fine prisms, m. p. 180—181° (efferv.). Fiiedlfinder, Bruckner, and Beutsch 
{Annalen, 1912, 388, 46) record m. p. 166° (decomp.) ; UUmann and Dootson (Ber., 1918, 51, 20) record 
m, p. 172° (decorap.). 

Ethyl a-n-Heptyliden$acetoacetaie. — A mixture of freshly distilled oenanthal (100 g.) and ethyl 
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acetoacetate (114 g.) was cooled in a freezing mixture and saturated with dry hydrogen chloride. After 
1 8 hours in the ice-chest the mixture was poured into water and extracted with ether. The extract was 
washed well with water, dried, and fractionated, affording a colourless oil (168 g.), b. p. 160 — 162°/14 mm. 
(Found: C, 69*1; H, 10*0, Calc, for C^HmOs: C, 69-0; H, 9-7%). Knoevenagel (Ber,, 1898, 81, 
737) used piperidine as catalyst and recorded b. p. 146®/10 mm. 

Ethyl a-n-Heptylacetoacetate. — The preceding unsaturated ester (145 g.) was hydrogenated in ethyl 
alcohol (400 c.c.) witli palladised strontium carbonate (7 g.) at 46 atm. The calculated fall in pressure 
was observed in about 20 minutes and no further absorption of hydrogen took place. The product, a 
colourless oil (133 g.), distilled at 144 — 146®/11 mm. (Found : C, 68-3; H, 10-6. Calc, for Ci3H240a : 
C, 68*4; H, 10-6%). Wojcik and Adkins (/. Amer, Chem. Soc,, 1934, 66, 2424) record b. p. 130— 
13277 mm. 

The authors are greatly indebted to Mr. L. V. Sharp for much preparative assistance and to Mrs. A. M. 
Yates, B.Sc., for assistance in carrying out antimalaiial tests. 

National Institute for Medical Research, 

London, N.W. 3. [Received, November 1th, 1946.] 


193. P-Phellandrene Tetrahromide. 

By P. A. Berry and A. Killen Macbeth, 

The optically active tetrahromide isolated from the terpene fraction of E. cneorifolia oil is 
derived from /-/3-phellandrene and is identical with samples prepared from /-j3-phcllandrene 
derived from Canada-balsam oil. ^^-jS-Phellandrene from water-fennel oil also forms an optically 
active tetrahromide. The jS-phellandrene tetrabromides are characterised by rotations of 
opposite sign to that of the hydrocarbon from which they are derived. 

In a previous paper (Berry, Macbeth, and Swanson, 1937, 1443) it was shown that a seasonal 
variation occurred in the oil of Eucalyptus cneorifolia wath an increase in the terpene content 
from a minimum of some 10% to a maximum approaching 50% which is attained during the 
period of active growth in the early summer months. The presence of /-a- and /-p-phellandrenc 
was established, and after further examination of the terpene fraction it was reported by Berry 
and Macbeth {Nature, 1945, 166, 176) that a crystalline tetrahromide can be isolated after 
bromine vapour has been aspirated through solutions of such terpene fractions in acetic acid, 
and the reaction mixture stored for some days in the refrigerator. The crystalline tetrahromide 
is separated in amounts corresponding with upwards of 20% of the total terpene when the 
hydrocarbon is dissolved in about four times its weight of acetic acid, and excess of bromine 
introduced whilst the temperature is kept below 0®. 

Analysis of the tetrahromide showed the formula to be CioHi(,Br 4 , and in view of the fact that 
the substituent groups in the cyclic compounds occurring in E. cneorifolia oil are in the para- 
positions it may reasonably be concluded that the progenitor of the tetrahromide is a 
^-menthadiene. Of the fourteen possible structures seven inactive compounds are excluded 
as the tetrahromide is dextrorotatory, and of the remaining seven only two (limonene and 
^-mentha-2 : 8 (9) -diene) arc optically active and without conjugated double bonds. Henry 
and Paget (/., 1925, 127, 1649) isolated from oil of chenopodium an inactive tetrahromide which 
they considered was derived from ^-mentha-2 : 8(9)-diene. We have confirmed this observation 
excepting that our tetrahromide had slight optical activity. The tetrabromides from limonene 
and dipentene have also been re-examined, and as their properties differ markedly from those 
of the tetrahromide from E, cneorifolia these substances must also be excluded. One is therefore 
forced to consider the para-menthadienes containing a conjugated system of double bonds 
despite the fact that crystalline tetrabromides derived from such substances are not described in 
the literature. 

The tetrahromide now described is debrominated by magnesium in ether and yields a hydro- 
carbon, “CjoHig, which is readily converted into the tetrahromide again. This hydrocarbon 
showed the characteristics of /-p-phellandrene ; in particular it formed a nitrosite the mutarot- 
ation of which was similar to that of the nitrosite derived from a sample of /-p-phellandrene 
from Canada-balsam oil. Authentic samples of /-p-phellandrene gave tetrabromides identical 
with that derived from the terpene fractions of E, cneorifolia oil, in particular having m. p. 
118 — 119® after recrystallisation from ethyl acetate and a specific rotation of approximately 
+49® in the same solvent, the value being unchanged even after two months. The specific 
rotation in chloroform was higher (+ 53’6®) and these solutions too showed little change in rotation 
on storage. 

The chief feature of the tetrahromide derived from p-phellandrene is the change of sign of 
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rotation, the laevorotatory hydrocarbon giving a dextrorotatory tetrabromide. This character- 
istic property provides a convenient and useful criterion for p-phellandrene, the identification 
of which has hitherto mainly rested on the optical properties of derivatives such as the nitrosite. 
A sample of <^-p-phellandrene from water-fennel oil was available (Berry, Macbeth, and Swanson, 
/., 1937, 1448), and this yielded a tetrabromide having m. p. 118 — 119® which had a specific 
rotation of the same magnitude as that derived from /-p-phellandrene but of opposite sign. 

Wallach (Annalen, 1894, 281, 129) examined the debromination of limonene tetrabromide 
by sodium methoxide and obtained as a product a monobromo-compound which nascent hydrogen 
converted into carveol methyl ether. The reaction with ^-phellandrene tetrabromide (I) 
follows quite a different course, as only two bromine atoms are removed by the methoxide, and 
nascent hydrogen converts the product into a laevorotatory hydrocarbon of low density having 
the composition CjoHig. The reactions appear to result in the formation of /-^-menth-l-enc 
(II), as the molecular refraction (46*85) agrees with the calculated value (46*7) and the compound 
forms a iiitrosochloride having m. p, 93 — 94® and [a]j> --342° (ether). The nitrosochloride 
derived from tf-^-menth-l-ene (Wallach, Annalen, 1911, 381, 58; Vavon, Compt. rend,, 1911, 
162, 1 076) has rn. p. 95 — 90° and [a]D -f 344°, the sign of rotation of the derivative being the same 


as that of the parent liydrocarbon. 
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Experimentat. 




Telrabromide from Terpene Fraction o/E. cneorifolia Oil . — Preliminary experiments showed that the 
amount of tetrabromide formed varied greatly with conditions, and the factors favourable to high yield 
were mainly (1) the use of freshly distilled terpene fraction dissolved in about four times its volume of 
acetic acid, (2) a bath temperature below 0° but not so low as to cause much crystallisation of acetic acid 
on the walls of the reaction vessel, (3) steady aspiration of bromine vapour at such a rate that bromination 
was completed within an hour and the additional excess of bromine introduced for a further fifteen 
minutes, (4) efficient stirring to ensure that the temperature of the reaction mixture did not rise above 
about 5'’, and (6) subsequent storage in the refrigerator for several days. 

In a typical experiment freshly distilled terpene (100 c.c.) having —42*4° (homogeneous) was 
dissolved in acetic acid (350 c.c.) and brominated for 70 minutes, the flask being immersed in an ice:-salt 
mixture. Bromine (140 g.) was rapidly absorbed during 45 minutes and aspiration was stopped after an 
excess (180 g. in all) had been introduced (70 minutes). The mixture was placed in the refrigerator, 
and crystallisation of the tetrabromide was beginning within an hour. After five days the crystals were 
removed at the pump and washed with cold acetic acid. Yield, 56 g. of crude tetrabromide having m. p. 
109 — ^110'^ [ajr) 57T° in chloroform (c, 4*408). This is equivalent to upw^ards of 20% of the terpene 
taken. 

In another experiment terpene (100 c.c.; a© —43*2°) in acetic acid (400 c.c.) was brominated by 
aspiration of bromine (195 g.) for an hour, the temperature of the bath being —8°. Some acetic acid 
crystallised on the w*alls during reaction and the.yield of crude washed tetrabromide collected after seven 
days was 47 g. having m. p. 109 — 111, [a]© 59‘6°. In a further experiment terpene (76 c.c., a© —38°) 
in acetic acid (300 c.c.) after treatment in a similar way with bromine (147 g.) gave crude washed tetra- 
bromide (37*3 g.) having m. p. 108 — 110°, [a]© 62*7° in chloroform. This corresponds with about 18% 
of terpene taken. 

The combined yields of tetrabromide (140 g.) from the above preparations after four crystallisations 
from ethyl acetate gave pure tetrabromide as flat glistening plates having m. p. 116—117°, [a]© 63*6° 
in chloroform (c, 6*41). Further recrystallisation raised the m. p. to 118 — 1 19°. The solubility in ethyl 
acetate at 17° is 10*4% w/w and tetrabromide of good quality can be recovered as a first crop after 
concentration of the mother liquors. The specific rotation of the tetrabromide in ethyl acetate is somewhat 
lower than in chloroform, a solution (c, 4 004) having a value of 48*8° which was unchanged after the 
solution had been kept for tw*o months (Found : C, 26*4 ; H, 3*66 ; Br, 70*2. CjoHi-Bri requires 
C,26*3; H, 3*6; Br, 701%). lo le * h 

Debromination of the Tetrabromide , — The method of debromination used was essentially that described 
by Brown and Lemke (Ber., 1923, 66, 1562) in the preparation of limonene from its tetrabromide by the 
action of magnesium in aether. Purified tetrabromide (39 g.) in anhydrous ether (196 c.c.) was gently 
warmed with magnesium (6*2 g.) and a trace of iodine. After 90 minutes the ethereal layer was separated 
and washed with water (twice) , and the washings were used to wash the original lower (magnesium bromide) 
layer. The separated ether from this was washed with water and the total ether distilled to remove 
solvent and then steam distilled. From two such experiments unchanged tetrabromide (5*3 g.) was 
recovered from the steam-distillation flask, and an oil (15*8 g.) of low density {d 0*843) was recovered 
from the distillate. The hydrocarbon obtained on distilling the oil over sodium had dlS* 0*8411 and 
[a]©* —16*2°. It had the formula and gave a nitrosite (Found: C, .88*3; H, 11*95. Calc.: 
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C, 88'16; H, 11*8%). When brominated as described above the hydrocarbon gave a tetrabromide 
identical with the original. 

Tetrabromide of \-p-Phelladrene, — The formation of a nitrosite suggested that the hydrocarbon was 
possibly a phellandrene, and this was supported by the fact that a teipene fraction from which the 
phellandrene was removed gave, on bromination, only a small quantity of crystals which were inactive 
and had m . p. 220°. This was evidently benzene hexabromide derived from traces of benzene in the solvents 
used during removal of the phellandrene as nitrosite. The bromination of /-)5-phellandrene was therefore 
examined, the material being available as an old sample derived from Canada-balsam oil. On steam 
distillation this gave terpene having ao —42°, and after bromination as described above crude tetra- 
bromide (7*2 g.) was obtained in amount equivalent to about 10% of the terpene. It had m. p. 110—1 1 2°, 
[a]i?’ 67*3° in ethyl acetate (c, 4*265), and after several recrystallisations from the same solvent the m. p. 
had risen to 116 — 117°. The sample showed no depression of m. p. on admixture with the pure tetra- 
bromide derived from £. cneorifolia oil. 

A small sample of the residue from water fennel oil from which £?-cryptonc and if-phcllandral had been 
removed some years before was steam distilled, and the terpene collected (which contained ^f-]3-phell- 
andrene and was dextrorotatory) was brominated in the usual way. The crude tetrabromide of d!-/5-phell- 
andrene had m. p. Ill — 113° and a high laevo-rotation ([a]D —56*6°) in ethyl acetate (c, 5-492). After 
four recrystallisations from ethyl acetate the pure tetrabromide had m. p. 116 — 1 16*5°, and [a]ff* —65*1° 
in ethyl acetate (c. 4*046). The m. p. of the substance is the same as that of the tetrabromide of /-j3-phell- 
andrene and its optical activity of the same order, but of opposite sign. 

The tetrabromide of ^f/-j3-phellandrene was separated as long needles when a solution of equimolecular 
amounts of the d- and the /-compound in ethyl acetate was allowed to evaporate slowly. The substance 
was inactive and had m. p. 112 — 113°, not changed by further crystallisation. 

Dehromination by Sodium Methoxide, — ^The tetrabromide of /-j8-phellandrene (50 g.) was refluxed for 
more than 8 hours with sodium methoxide (8 g. sodium in 100 c.c. of methyl alcohol) . After the addition 
of some water the reaction mixture was steam distilled, and the oil (30 g.) recovered from the distillate 
was dried (KOH) and fractionated under reduced pressure. It distilled as a main fraction (28 g.) which 
was again refluxed for 7 hours with sodium methoxide, and the oil was worked up again giving a main 
fraction (26 g.) which distilled at 144 — 148°/11 mm. and had d 1-448 ; [a]p 19*2° ; n]}* 1*5643. Bromine 
combined as sodium bromide in the still residue after the steam distillations amounted in the first case 
to 18*5 g. which is equivalent to the removal of 2*1 atoms of bromine from the tetrabromide. After 
the second treatment with methoxide bromine removed was assayed as equivalent to a further 0*2 atom 
only. 

The partly debrominated oil (24 g.) was dissolved in absolute alcohol (250 c.c.) and gradually treated 
with sodium (20 g.), the mixture being heated on the water-bath as reaction slowed down. The oil 
collected on steam distillation still contained bromine and was again subjected to the action of nascent 
hydrogen. The oil then collected on steam distillation, after being dried (KOH), distilled at 75 — 76°/ 
34 mm. and had 0*8228 ; [ajo —81*2° (homogeneous); 1*4581 (Found: C, 87*2; H, 13*0. 
Calc, for CjoHig : C, 86*85; H, 13*1%). The oil readily decolorised bromine in acetic acid and gave a 
nitrosochloride, m. p. 93 — 94°, which was very stable and did not decompose on heating to 140". In 
ether (c, 0*714) the nitrosochloride had [a]© —342° which had fallen after 13 hours to —322° and after 
85 hours to — 280°. It appears that the compound is /-^-menth-l-ene as the constants are in good agree- 
ment with those recorded for c/-/>-menth-l-ene, the optical values being of opposite sign. 

Other Tetrabromides. — In the course of the work several tetrabromides were prepared for comparison 
with the product obtained from E. cneorifolia oil. eZ-Limonene tetrabromide was prepared from sweet 
orange oil of pharmaceutical quality, and had m. p. 104 — 105°, [a]© 79*2° in chloroform. Dipentene 
tetrabromide was prepared from a sample of dipentene kindly supplied by Professor T. G. Jones, and a 
further preparation was carried out from cineol. The tetrabromide was inactive and had m. p. 126 — 
127°. A tetrabromide was also prepared from an imported sample of pharmaceutical oil of cheno- 
podium; it had m. p. 115 — 116°, [a]© 2*2° in chloroform (c, 16*13) (compare Henry and Paget, loc. 
cit.). 

Johnson Chemical Laboratories, University of Adelaide. [Received, October 2ZYd, 1946.] 


194 . Molecular Rearrangement and Displacement of Arylamine 
Residues in oL-AryUimino-ketones. Part I. 

By R. M. CowPER and T. S. Stevens. 

When an arylaminodeoxybenzoin (e.g., II) is heated with a mixture of an arylamine and 
its hydrobromide, rearrangement may take place (to HI) ; if the arylamine does not corre- 
spond to the arylamine residue in the ketone, this residue may be displaced by that of the 
reagent, with or without simultaneous rearrangement. The observations are only partly 
explicable by the mechanism proposed by Bischler for the rearrangements and displacements 
involved in the conversion of phenacylarylamines into arylindoles, and other mechanisms are 
discussed. 

McGeoch and Stevens (/., 1935, 1032) observed that the action of aniline on phenyl l-bromo- 
2-phenylethyl ketone afforded an anomalous by-product (I) : 

CH*Ph-CHBr-COPh — y CH,Ph-CH(NHPh)-COPh + CHjPh-CO-CHPh-NHPh (I.) 
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Related reactions of more tractable materials have been studied in detail, and the observations 
and tentative conclusions are reported now in view of publications by other workers in the same 
field (Crowther, Mann, and Purdie, 1943, 58; Verkade and Janetzky, Rec, Trav, chirn,, 
1948, 62, 763, 775; Julian, Meyer, Magnani, and Cole, /. Amer, Chem. Soc., 1946, 67, 1203). 
The results of the principal series of experiments are summarised in the table. 

The a-bromo-derivatives of 4- and 4'-methoxydeoxybenzoin react in the first instance 
normally, by direct displacement, with aniline, ^-toluidine, or methylaniline (Cowper and 
Stevens, 1940, 347; which see for proofs of constitution of substances described in this 
paper) ; but at higher temperatures, in presence of arylamine and arylamine hydrobromide, 
such transformations as the following may occur (R = ^-anisyl, throughout) : 


R-CHBr NH-Ph 90» R-CH-NHFh 1200 R-CO 


■ic 


Ph-CO 




Ph-CO 
(II.) 


Ph 


•(!:H-NHPh 

(III.) 


190® R-C— CaH^ 
l-C—NH 


Ph'( 


R-CH^ CaHa 
•C=N-]> 


Ph- 


•NH 


(IV.) 


The conversion of the base (II) into (III) is sensibly complete, like the thermal transformation 
(Julian and Passler, /. Amer, them. Soc., 1932, 64, 4756; cf. Luis, J., 1932, 2547) of the corre- 
sponding benzoin into its isomeride, R*CH(OH)*COPh — R*CO*CH(OH)Ph. It is plausibly 
explained on the basis of Bischler*s mechanism for the formation of 2-phenylindole from anilino- 
acetophenone {Ber., 1892, 25, 2860; 1893, 26, 1336; cf. Strain, /. Amer. Chem. Soc., 1929, 51, 
270) : 


( 11 ) 

NHjPh 


R-CH-NHPh 


Ph-C=NPh 

(V.) 


R-C— NHPh 


Ph-C—NHPh 

(VI). 


R.C=NPh 


Ph-CH-NHPh 



(III) 

(IV) 


This explanation does not exclude rearrangement of the iV-methyl derivative of (II) in presence 
of methylaniline and its hydrobromide, through direct formation and hydrolysis of the inter- 
mediate (as VI) ; but the process might be expected to be more difficult, in view of the failure 
of the carbonyl group of benzoins to react with a secondary base (Cowper and Stevens, loc. cit.). 
In fact, no reaction was observed below 170°, higher temperatures leading, not to the methyl 
derivative of (III), but by indolisation to that of (IV). Indolisation is structurally excluded 
in phenyl oL-i^-methylmesidinoy'p-methoxyhenzyl ketone, Ph'CO-CHR^NMe'CgHaMeg, but when this 
was heated with methylmesidine and its hydrobromide at 170° it was recovered unchanged, 
and at 190° the only isolable product was nitrogen-free. 

Julian et al. {loc. cit.) record similar (reversible) rearrangements, i.e., (II; R = Me or 
CHgPh) — > (III; R = Me or CHgPh), and also demonstrate the formation, under similar 
experimental conditions, of anilinodeoxybenzoin anil (as V) from anilinodeoxybenzoin and 
aniline. 

The Bischler mechanism accounts well for the conversion of anilinoacetophenone, by heating 
with excess of ^-toluidine and its hydrochloride, into 2-phenyl-6-methylindole, aniline being 
in effect displaced by toluidine (Bischler, loc. cit. For other examples, see Julian et al., J. Amer. 
Chem. Soc., 1933, 55, 2105; 1945, 67, 1203; Verkade and Janetzky, loc. cit.) : 


CHg-NHPh 

CH-NHPh 

^ |j 

CH-— CeHsMe 

Ph-CO NHa-C^H^Me 

Ph-C-NH-C^ILMe 

Ph-il JiH 


Such a displacement is not necessarily associated with indolisation ; thus when (II) or (III) 
is heated at 120° with excess of ^-toluidine and ^-toluidine hydrobromide the product is the 
toluidino-analogue of (III), displacement being accompanied in the former case by rearrange- 
ment. Further similar results are recorded in the table. 

The reactions of rearrangement and/or displacement so far discussed can be accommodated 
by the Bischler-Strain scheme; alternatively, a somewhat similar mechanism could be en- 
visaged, involving as an intermediate stage a product of the type (NHAr*CRXPh) 2 NAr, dis- 
covered by Crowther, Mann, and Purdie {loc. cit,) ; but it is not clear why the iV-methyl derivatives 
of (II) and (III) are unaffected by aniline-aniline hydrobromide up to 170° ; and most surprising 
that (II), with methylaniline and its hydrobromide, readily affords (III) by rearrangement 
without displacement. The rearrangement of (II) is, moreover, smoothly effected by boiling 
witli pyridine hydrobromide in pyridine or in butyl alcohol, a result explicable on Bischler*s 
hypothesis only if part of the initial material furnishes free aniline by decomposition. This 
remote possibihty was examined, and the strictly intramolecular character of the rearrangement 
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indicated, by heating a mixture of two arylamino-ketones with pyridine hydrobromide in 
p 3 ^dine and seeking evidence for an exchange of arylamine residues. For experimental con- 
venience, one selected initial substance was desylanthranilic acid, Ph*CO*CHPh*NH*CeH 4 *COaH, 
rearrangement of which is concealed by symmetry but from which aniline readily displaces 
anthranilic acid. The second initial material was (II), and the only products, isolated in good 
yield, were (III) and desylanthranilic acid. The result also discredits such a mechanism as the 
following (cf. Gabriel, Ber,, 1908, 41, 1146) : 

R-CH-CO-R' K-C==C-K' R-CO-CH-R' 

Ph-JtH + NHPh — ^ Phi iph — ^ Ph-NH + lljHPh 

R'-co-dn-R R'-I:=l:-R R'-in-co-R 


A strictly intramolecular rearrangement can be formulated in conventional structural terms 
only by postulating an intermediate having a three-membered ring : 

R-CH-CO-R' R*C==C*R' R-CO-CH*R' 

NHPh ^ \'Ph ^ llfHPh 


For unsaturated CjN rings compare Neber and Burgard (Annalen, 1932, 493, 281). 

Attempts were also made to effect the displacement of one arylamine by another, 
where the Bischler mechanism could be excluded. When cL-anilinophenylacet-^-chloroanilide, 
NHPh'CHPh’CO^NH’CgH^Cl, is heated at 200® with ^-toluidine hydrobromide in j|!>-toluidine, 
the aniline residue only is displaced; here the Bischler intermediate would be a tautomeric 
amidine, NHPh-CHPh-C(:NPh)-NH-C 6 H 4 Cl NHPh-CHPh-C(NHPh):N-C 4 H 4 Cl, and its 
formation and decomposition would lead to extensive displacement of chloroaniline also. The 
high temperature necessary for the reaction, however, forbids the inference that a direct displace- 
ment is likely with arylamino-ketones at 120®. Under the same energetic conditions /)-toluidine 
displaces aniline from benzylaniline ; but benzhydryl-/>-toluidine, which might have been 
expected to be very reactive, was unaffected by aniline-aniline hydrobromide at 160°. 

It would appear, in sum, that in presence of a base and its salt an arylamino-ketone can react 
in two independent ways : (a) according to the Bischler-Strain scheme made very probable by 
Julian and his co-workers, leading in appropriate cases to arylamine displacement, to indolisation, 
and possibly to rearrangement ; and (b) a strictly intramolecular rearrangement, perhaps by the 
mechanism suggested above. 


Initial 

Action of base -f salt at 120° : 

Product of 

material. 

NH^Ph. 


NHPhMe. 

indolisation. 

R-CH-COPh 

Rearr. 

Rearr. 

Rearr. 

R 

k “ llph 

lilHPh 


H- 

Displ. 


R-CH-COPh 

Rearr. 

•i" 

Displ. 

Rearr. 

Rearr. 


R-CH-COPh 

Unch. 

Unch. 

Unch. 

1 II II ph 

NMePh 




R-CO*CHPh 

NHPh 

Unch. 

Displ. 


1 II lli^i, 

R-CO-CHPh 

1 

Displ, 

Unch. 


Me/\ r.R 





UxA- 





NH 

R-CO-CHPh 

Unch. 

Unch. 

Unch. 

R 

jlnePh 





Indolisation . — ^The base (II) and its analogues, each heated at 190 — 200° with the correspond- 
ing arylamine and its hydrobromide, yielded indoles ; in all cases the product was that which 
would have resulted from the direct dehydration of an arylaminobenzyl ^-anisyl ketone (as 
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Ill), the stable type when simple rearrangement can be effected. Attempted indolisation of 
(II) and of its ^-toluidino-analogue in pyridme-p3rridine hydrobromide gave as sole dej&nable 
product a trace of nitrogen-free material, different in the two cases. This failure is not general 
(see Crowther, Mann, and Purdie, loc. ciL), and so not clearly significant as to the mechanism of 
Bischler synthesis. This investigation as a whole, however, shows that many of the anomalies 
recorded in this synthesis may be due to demonstrable transformations of the arylamino- 
ketones before cyclisation, and not to an uf/Ao-migration as postulated by Crowther, .Mann, 
and Purdie : 


(X 

NH 


CHa-COPh 

/ 





CHa-COPh 

NHa 






.7 

NH 


Ph 


Experimental, 

Rearrangement, — The following experiment is typical. Phenyl a-anilino-^-methoxybenzyl ketone 
(H) was heated with aniline (3 mols.) and aniline hydrobromide (0-5 mol.) at 115 — 120® for 3 hours. The 
mixture was treated with dilute hydrochloric acid and ether ; the combined acid layers deposited long 
needles of the hydrochloride of (III), which with alcoholic ammonia gave the free base (85%), identified 
by mixed m. p. and by reduction to ^-methoxyphenyl benzyl ketone. No unchanged (II) could be 
recovered. 

The same result followed when (II) was boiled for 3 hours with pyridine hydrobromide in pyridine, 
or with pyridine hydrobromide or sulphate in w-butyl alcohol. It was recovered unchanged after 2-5 
hours’ heating with /)-toluidine alone at 130°. 

Phenyl lai-methylmesidino-i^-methoxyhenzyl ketone, prepared from the related bromo-ketone and 
methylmesidine (Ullmann, Annalen, 1903, S27, 110) in the usual way (Cowper and Stevens, loc. cit.), 
crystallised from alcohol in colourless needles, m. p. 89 — 90° (Found : N, 4*0. C25H27O2N requires N, 
'1*8%). It was unchanged aft,er 5 — 6 hours* heating with methylmesidine and its hydrobromide at 
170° ; after 6 hours at 190° the only isolable product was a little nitrogen-free material, white, glittering 
lamin® from alcohol, m. p. 96 — 98°. 

Displacement. — Phenyl a-anilino-;^-methoxybenzyl ketone (II) or />-methoxyphenyl a-anilinobenzyl 
ketone (III) was heated at 115 — 120° for 3 hours with p-toluidine (3 mols.) and />-toluidine hydrobromide 
(0*5 mol.) . Fractional crystallisation of the product from alcohol yielded in each case 75% of /^-methoxy- 
phenyl a-/)-toluidinobenzyl ketone, m. p. and mixed m. p. 141 — 142°, and 25% of material, m. p, 
115—117°, indistinguishable from a mixture of the toluidino-ketone with an equal quantity of (III). 

Simultaneous Rearrangement of (II) and Desylanthranilic Acid. — The acid, from benzoin and anthranilic 
acid (Weckowicz, Ber., 1908, 41, 4144), crystallised from alcohol in cream-coloured plates, m. p. 225 — 
227° (Found : N, 4-4. Calc, for CjiHi^OjN : N, 4*2%). Heated with aniline and aniline hydrobromide, 
it rapidly yielded desylaniline with some unchanged material. Equal weights of desylanthranilic acid 
and the ketone (II) were boiled for 3 hours in pyridine with pyridine hydrobromide. After addition 
of ether the filtered solution was extracted successively with sodium hydroxide solution and hydrochloric 
acid. The extracts yielded respectively desylanthranilic acid and the ketone (III), each in 90% yield, 
with no evidence of any other product. Three parts of (II) to one of desylanthranilic acid were used in 
another experiment with similar results. For comparison, phenyl a-’(o-carboxyanilinoy^-methoxybenzyl 
ketone, MeO*CeH4’CHBz'NH*C«H4*COgH, was prepared from benzanisoin and anthranilic acid : white 
needles, m. p. 198 — 199° (Found : N, 4*0. Cg2Hi,04N requires N, 3-9%). With aniline and aniline 
hydrobromide it yielded (III). 

" Direct ” Displacement of Arylamine Residues. — Ethyl a-ahilinophenylacetate (Stdekenius, 
Jahresber., 1878, 780) was unaffected by boiling /^-chloroaniline, but when p-chloroaniline and the ester 
were added successively to ethylmagnesium bromide in ether at room temperature (compare Hardy, 
J., 1930, 398), a-anilinophenylacet-'p-chloroanilide was obtained: long prisms from alcohol, m. p. 157 — 
158° (Found : N, 8-6; Cl, 10-4. CgoHi^ONgCI requires N, 8-3; Cl, 10-5%)- The anilide was boiled 
for 3 hours with />-toluidine hydrobromide (0-5 mol.) inp-toluidine (3 mols.), and the mixture treated with 
ether and dilute hydrochloric acid. The tarry mass deposited by the acid layer afforded, after several 
crystallisations from ammoniacal alcohol, white needles, m. p. 183 — 185°. These were identical with 
a~x>-toluidinophenylacet~p-chloroanilide, prepared in the same way as the anilino-compound (Found : 
N, 7*9. CjiHijONgCl requires N, 8*0%). When raethylaniline was used in place of ^-toluidine, much 
non-basic material w^as formed and no individual product could be isolated. 

Benzylaniline hydrobromide was boiled under reflux with />-toluidine (5 mols.) for 4 hours, and the 
basified mixture distilled in steam. The non-volatile material, with benzenesulphonyl chloride in 
pyridine, gave benzenesulphonbenzyl-/>-toluidide (mixed m. p.) which depressed the m. p. of benzene- 
sulphonbenzylanilide. Benzhydryl-/»-toluidine (Busch and Rinck, Ber., 1905, 88, 1768) was unchanged 
by 3 hours’ heating with aniline and aniline hydrobromide at 150°; treatment at 180 — 190° afforded 
an oil, b. p. 239 — 245°/15 rnm., which gave no crystalline derivative. 

Indolisation. — The ketone (II) was heated at 200° for 2-5 hours with aniline (3 mols.) and aniline 
hydrobromide (0*6 mol.), and the crude non-basic material distilled in a vacuum and crystallised from 
alcohol. ^-Phenyl-^’^-methoxyphenylindble (IV) formed colourless prisms, m. p. 188 — 190° (Found : 
N, 4*5. C^iHi^ON requires N, 4*7%). The same product was obtained in small yield by heating (II) 
with pyridine hydrobromide (0*1 mol.) at 180° for 30 mins. ; and was also synthesised by boiling with 
alcoholic hydrochloric acid phenyl ^-methoxybemyl ketone phenylhydrazone, prepared in alcohol-acetic 
acid as cream-coloured plates, m. p. 124 — 125° (Found : N, 8*7. CgjHaoONg requires N, 8-8%). 

The method first described was applied to the preparation of 2-phenyl-Z-^methoxyphenyl-^-methyU 
indole, long prisms, m. p. 150 — 151° (Found ; N, 4*8. Cggf^wON requires N, 4*5%), and of ^-phenyU 
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3-p-methoxyphenyUl-methylindole, needles, m. p. 131 — 133° (Found : N, 4*6%). The former was also 
synthesised by boiling phenyl />-methoxybenzyl ketone with ^-tolylhydrazine in alcoholic hydrochloric 
acid for 3 hours; and for comparison d-phenyl~2’-p-methoxyphenylindole was prepared in like manner 
from ^^-methoxyphenyl benzyl ketone : needles, m. p. 140 — 142°, depressed by admixture with its 
isomeride (Found : N, 4*3%). The latter was synthesised by methylating (IV) as follows : To the indole 
(0‘4 g,) in lukewarm acetone (6 c.c.) were added excess of powdered potassium hydroxide and, portion- 
wise, methyl sulphate (1 c.c.). After 45 mins., the mixture was treated with water, and the product 
extracted with benzene and crystallised from alcohol. 

When (II) was heated with pyridine hydrobromide in pyridine in a sealed tube at 200°, the only 
isolable product crystallised from alcohol in nitrogen-free plates, m. p. 94 — 96° ; the related />-toluidino- 
ketone similarly gave a nitrogen-free substance, m. p. 92--94°, mixed m. p. with its analogue, 79 — 85°. 

The authors are indebted to the Carnegie Trust for the Universities of Scotland for a Scholarship 
(to R, M. C.), and to Mr. J. M. L. Cameron for micro-analyses. 

University of Glasgow. [Received, November ^th, 1946.] 


195 . Experiments with Diazomethane and its Derivatives. Part XIII.* 
Action of Diazomethane on Hydroxyanils. 

By Alexander SchSnberg, Ahmed Mustafa, and (in part) Mustafa Kamal Hilmy. 

The o-hydroxy anils listed in Table I are stable or very resistant towards ethereal 
diazomethane solution, but, reacting in the ketonic form, they yield coumaran derivatives 
(listed in Table II) when treated with diazomethane in the presence of methyl alcohol ; scheme 
(C) illustrates the proposed reaction mechanism. The stability towards ethereal diazomethane 
is believed to be due to the fact that in ethereal solution the anils do not contain a free hydroxyl 
group, but a chelate ring S3'’stem (I or 11), and that they react with methyl alcohol with 
formation of an intermolecular hydrogen bridge and the opening of the chelate ring system (III). 

The importance of the above findings for the theory'' of chelation is stressed. 

This paper deals with the remarkable behaviour of a number of anils (see Table I) derived from 
f)-hydroxyaldehydes which were found to be stable towards diazomethane in ethereal solution, 
but reacted with it in the presence of methyl alcohol. By analogy with our previous findings 
(Schdnberg and Mustafa, 1946, 746), this is ascribed to the fact that these o-hydroxyanils are 
not true o-hydroxy-compounds but resonance h^dirids having the hydrogen bridge (see I and II) ; 
when, however, methyl alcohol is present, the six-membered ring is opened and the ketonic 




CH=: 


:N-Cj 

’H 


,H,(a) 


(I ; no reaction with 
diazomethane.) 


^CH-N-C,oH,(«) 




(II ; no reaction with 
diazomethaiic.) 


^CH*NH-C,oH,(a) 

(III ; reacts with 
diazomethane.) 


form (III) is established. The differential behaviour of substances listed in Table I towards 
diazomethane in ethereal and in methyl-alcoholic solution thus constitutes an additional 
criterion for the existence of chelation. 

The anils mentioned above, in the presence of methyl alcohol, have the nature of compounds 
related to o-quinones and o-quinoneimines, which react with diazomethane to form 
five-membered heterocyclic compounds [see Arndt, Amende, and Ender, Monatsh., 1932, 59, 
202; Fieser and Hartwell, /. Amer, Chem. Soc,, 1936, 57, 1479; Schonberg and Mustafa, loc. cit., 
in the case of (A), and Schonberg and Awad, loc, ciL, in the case of (B)]. By analogy, it would 



VpNH 

yC:o 


CH,N, 


(B.) 


\c-NH\ 


be expected that benzocoumaran derivatives should be obtained when (III) and its analogues 
are treated with diazomethane in the presence of methyl alcohol, and this is indeed the case 
(e.g., formation of Vila). 


* For earlier papers (not numbered) by Schonberg and his co-workers on the action of diazomethane 
and its derivatives on organic substances, see Ber,, 1929, 62, 440, 1663 ; 1930, 68, 3102 ; 1931, 64, 1390, 
2324, 2677; 1932, 66, 289; 1933, 66. 246; Annalen, 1930, 488, 176; 1941. 348; /., 1946, 746; this 

vol.. in the oress. 
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C..H 


yCH:. 


Table I. 


NR (1) 

( 2 ) 


XH:NR CPhO-?H-CIIPh 

o-C,H,< 

\OH 

[V; R = C,H,Me,(2 : 6).] 


I 




(VI.) 


[IVa, R ~ CioH,(a) ; IVb, R ~ ; 

IVc, R « CjH8Mea(2 ; 3) ; IVd, R = CeH3Me,(2 : 4) ; 

IV^, R « CeH3Me2(2 : 6).] 

Mechanism of the Formation of the Coumaran Derivatives . — ^We believe that reaction occurs 
according to (C) : similar schemes are proposed for the above-mentioned actions of diazomethane 


-C=CH-NHR 

c:o 


+ CH3N3 


-C CH-NHR 

-c:o 


-N8 4- 


~C CH-NHR 

-Uh. «■) 


on o-quinones (1 : 2-diketones; e.g., benzil) or o-quinoneimines ; compare also the formation of 
(VI) from benzylideneacetophenone and diazomethane (Smith and Prings, J, Org. Chem., 1937, 
2, 23). 

Table II. 

.CH-NHR .CH-NHR 




[VII a, b, c, d, e \ R as in corresponding (IV).] 


C.H3<^>CH3 

[VIII; Rasin (V).] 


Constitution of the Prodvpcts listed in Table II. — ^These products are of an analogous structure ; 
Z-(oL-naphihylamino)-4 : : 5-benzocoumaran (Vila) is taken as an example. Its constitution is 
based on three facts : (a) th(6 analogy of its formation (see A and B) ; (b) its properties ; (c) the 
fact that no other formula can be proposed which fits the physical and chemical properties of 
the substance. 

In contrast to (IVa), (Vila) is colourless, in agreement with the proposed formula [reaction 
has taken place involving the chromophoric system in (III)] ; (Vila) has no methoxyl group and 
has one active hydrogen atom (the same holds true for all substances listed in Table II). When 
it is heated at 260°, it affords a-naphthylamine in addition to a resin, believed to be the 
polymerisation product of beilzocoumarone (see D) ; the reaction product from (IVa) and 
diazomethane cannot therefore contain a tertiary nitrogen atom, for such a compound (e.g., IX) 
cannot give a-naphthylamine on pyrolysis. 



The compound (Vila) was recovered unchanged when treated with phenylmagnesium bromide 
followed by hydrolysis ; it does not react with diazomethane. The substances listed in Table 
II have basic properties; e.g,, 3-(^-2-xylidino)coumaran (VIII) reacts with gaseous hydrogen 
chloride to form the corresponding hydrochloride. (Vila) is completely different from the yellow 
2-methoxynaphthylmethylene-a-naphthylamine (0-methyl ether of IVa) ; the nature of the 
latter is established by the fact that it is obtained by the action of methyl sulphate on the 
sodium salt of 2-hydroxynaphthylmethylene-a-naphthylamine (IVa) and by condensation of 
2-methoxy-l-naphthaldehyde with a-naphthylamine. The same is true in the case of the 
p-naphthyl derivative (IV6). The substances listed in Table II are all solids, except (VIII), 
which was analysed as its hydrochloride. 

Action of Diazomethane on the Anils of ^-Hydroxy aldehydes . — It was found that 4-hydroxy- 
naphthylmethylene-a-naphthylamine and the corresponding p-naphthyl derivative react with 
diazomethane to form the known 4-methoxyl derivatives. This action took place even in 
ethereal diazomethane solution, which was to be expected since in these ;p-hydroxy-compounds 
the hydroxyl groups are free, no chelation being possible. 


Experimental, 

The ethereal diazomethane solution was prepared by the action of aqueous potassium hydroxide on 
nitrosomethylurethane followed by distillation {Org. Synth., Vol. 16, p. 3). 

Action of Ethereal Diazomethane Solution on p-Hydroxybenzylidene-a- and -p-naphthylamine . — These 
compounds (Senier and Forster, /., 1914, lCMi» 2470) were converted into the corresponding 0-methyl 
ethers by the action of an ethereal diazomethane solution in the cold (Found, respectively : C, 82*3 ; 
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H, 6-9 : N, 6-7 ; and C, 82-6 ; H, 5-8 ; N, 6-8. Calc, for C„H„ON ; C, 82-8 ; H, 5-7 ; N, 6-4%). Further 
identification was carried out by inixed m. p. determination with authentic specimens of ^-methoxy- 
benzylidene-o- (Pope and Fleming, 1908, to, 1916) and -j8-naphthylamine (Steinhart, Annalen, 1887, 
241, 341), respectively. 

2-Hydfoxy~\-^a/phthylmethylene-o-'Z-’Xylidine (IVc) was obtained by the condensation of equimolecular 
amounts of 2-hydroxy- 1-naphthaldehyde and o-3-xylidine in yellow needles; m. p. 163° (Found : C, 
83*1; H, 6-2; N, 5*3. Ci,Hi70N requires C, 82-9; H, 6*2; N, 6*1%). The condensation was carried 
out as described by Senier and Clarke (/,, 1911, 09 . 2084) for the synthesis of (IVrf). 

o-Hydroxyanils which resist the A ction of an Ethereal Solution of Diazomethane. — Ethereal solutions of 
1 g. each of (IVa) (Bartsch, Ber., 1903, 86, 1976), (IV6) (idem, ibid.), (IVc), (IVif) (Senier and Clarke, 
loc. cit.), (IV«) (idem, he. cit.), and (V) were treated with excess of cold diazomethane (prepared from 
nitrosomethylurethane, 8 g.), and the mixture left for 48 hours at 0°. The ether was then evaporated 
off, and in every case the crude products showed the properties of the starting materials and 
after recrystallisation showed the same m. p. and mixed m. p. 

Action of Diazomethane on o-Hy dr oxy anils in the Presence of Methyl Alcohol. — (a) 2-Hydroxy- 1- 
naphthylmethylene-a-naphthylamine (IVa) (Bartsch, loc. cit.) (1 g.) in cold methyl alcohol (10 c.c.) was 
treated as in the preceding paragraph, fresh amounts of ethereal diazomethane being added during the 
48 hours. The methyl alcohol and ether were evaporated off, and the solid residue was crystallised from 
benzene-light petroleum (b. p. 30 — 60°), forming colourless crystals, m. p. 169°. Z-‘(a-N aphthylamino)- 

4 : ^-henzocoumaran (Vila) is insoluble in hot water, soluble in hot benzene, hot ethyl alcohol, and cold 
ether, and gives a yellow colour with concentrated sulphuric acid (Found : C, 86*4; H, 6*6; N, 4*2; 
active hydrogen, 0*34. C22H17ON requires C, 84*9; H, 6*5; N, 4*6; active hydrogen, 0*32%). When 
crystallised from hot glacial acetic acid, it gave colourless crystals of the acetyl derivative, m. p. 225° 
(Found : C, 77*4; H, 6*9. C24H2i08N requires C, 77-6; H, 6*6%) ; when the solution of this derivative 
in hot water was treated with aqueous ammonia, (Vila) was recovered (m. p. and mixed m. p.). 

(6) Similarly, Z~(p-naphthylamino)-4: \ 6-henzocoumaran (VII6) was obtained from 2-hydroxy-l- 
naphthylmethylene-j5-naphthylamine (IV6) in almost colourless crystals, m. p. 190°. It is soluble in hot 
benzene and ethyl alcohol and gives a yellowish-green colour when treated with concentrated sulphuric 
acid (Found: C, 84*8; H, 5*7; N, 4*5%). It was crystallised from benzene-light petroleum (b. p. 
30—50°). 

(c) The action of ethereal diazomethane in the presence of methyl alcohol on 2-hydroxy- 1-naphthyl- 
methylene-o-3-xylidinc (IV^:) gave colourless crystals of 3-(o-3-xylidino)~4: : 5-benzocoumaran (VIIc), 
readily crystallised from benzene, m. p. 173°; soluble in ether and hot ethyl alcohol, difficultly soluble 
in light petroleum (b. p. 60 — 60°) (Found : C, 83*1; H, 6*6; active hydrogen, 0*36. CgoH^jON requires 
C, 83*0; H, 6*6; active hydrogen, 0*36%). 

(d) Similarly, 2-hydroxy- l-naphthylmethylene-w-4-xylidine (IV^i) was treated with ethereal diazo- 
methane in the presence of methyl alcohol, and 3-(m~4~xylidino)-^ : 6-benzocoumaran (Vllrf) obtained in 
colourless crystals; it is readily crystallised from benzene or methyl alcohol, m. p. 200°, difficultly 
soluble in ether, soluble in hot benzene (Found : C, 82-7 ; H, 6*2; K, 4*9. CgoHj^ON requires C, 83 0; 
H, 6-6; N, 4*8%)- 

(e) In the usual manner (IV^) was converted into 3-(^-xylidino )-^ : 5-benzocoumaran (Vll^), which 
formed colourless crystals from benzene-light petroleum (b. p. 60 — 70°), m. p. 162 — 163° (yellow-brown 
melt), readily soluble in ether and benzene and difficultly soluble in light petroleum (b. p. 60 — 70°) 
(Found: C, 82*8; H, 6*1; N, 6*3; active hydrogen, 0*36%). 

(/) Salicylidene-/>-xylidine (V) (Senier and Shepheard, 1909, 95, 443) was treated similarly; 
evaporation of the ether and methyl alcohol gave an oily product. Its ethereal solution on treatment 
with a stream of dry hydrogen chloride gave the hydrochloride of 3-(^-xylidino)-4 : 6-coumaran (VIII) 
in colourless crystals, m, p. 183° (not sharp) ; difficultly soluble in benzene and cold ethyl alcohol, soluble 
in hot water (Found: C, 69*9; H, 6*7; N, 6*1; Cl, 12*8. CigHigONCl requires C, 69*8; H, 6*5; N, 
6*1; Cl, 12*8%). 

Preparation of o-M ethoxy anils. — The following 0-methyl ethers of o-hydroxyanils were prepared by 
condensation of equimolecular amounts of 2-methoxy- 1-naphthaldehyde (Barger and Starling, ] ., 
1911, 99 , 2032) and the corresponding aromatic amine (cf. Steinhart, loc. cit.). The reaction mixture in 
alcohol was heated under reflux for 2 hours; on cooling, and if necessary on concentration, the methyl 
ethers of the hydroxyanils separated out. Colours obtained with concentrated sulphuric acid are given 
in parenthesis after the m. p. 

2-Methoxy-\-naphthylmethylene~a-naphthylamine was obtained in brownish-yellow crystals from 
ethyl alcohol, m. p. 143 — 144° (red) ; it is readily crystallised from hot benzene (Found : C, 84*3 ; H, 
6*6; N, 4*9; OMe, 9*4. CajH^ON requires C, 84*9; H, 6*6; N, 4*6; OMe, 9*9%). The p-naphthyl 
analogue formed yellow crystals, readily crystallised from ethyl alcohol, m. p. 123° (reddish-orange) 
(Found : C, 84*3; H, 6*0; N, 4-8%). The o-Z-xylidine compound formed yellow crystals from ethyl 
alcohol, m. p. 120° (orange-yellow), soluble in hot ethyl alcohol and benzene (Found : C, 83*2 ; H, 6*8 ; 
N, 4*7. C20H19ON requires C, 83*0; H, 6*6; N, 4*8%). The vx-^-xylidine analogue crystallised from 
methyl alcohol in yellow crystals, m. p. 71° (orange), easily soluble in benzene (Found : C, 83*1 ; H, 
6*4; N, 4*8%). The ^-xylidine compound formed yellow crystals from methyl alcohol, m. p. 117° 
(orange) (Found: C, 82*4; H, 6*8; N,4*9%). 

Action of Methyl Sulphate on 2-Hydroxy-l-naphthylmethylene-p-naphihylamine (IV6). — A suspension 
of (IV6) (1 g.) in hot methyl alcohol (16 c.c.) was treated gradually with methyl sulphate (about 2 c.c.), 
followed by addition of a methyl-alcoholic solution of potassium hydroxide till alkaline. The mixture 
was set aside at room temperature for 2 hours, poured into water, extracted with ether, and crystallised 
from ethyl alcohol ; it formed yellow crystals, m. p. 123° (red-brown melt), not depressed when admixed 
with a specimen of 2-methoxy- l-naphthylmethylene-)3-naphthylamine prepared as above. The 
a-analogue was similarly obtained in yellow crystals, m. p. 143°, not depressed when admixed with a 
specimen of 2-methoxy- l-naphthylmethylene-a-naphthylamine prepared as above. 

Phenylmagnesium Bromide and Z-‘(a*Naphthylamino)-4 : 5-benzocoumaran. — The benzocoumaran 
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(Vila) was treated with excess of phenylmagnesium bromide in ether-benrene, heated under reflux for 
2 hours, and left overnight at room temperature. On hydrolysis, the starting substance was obtained 
unchanged or almost unchanged. 

Action of Heat on Z-(a'-Naphthylaminoy4k : 6^henzocoumaran, — The coumaran (Vila) (1 g.) was heated 
in a stream of dry carbon dioxide for J hour (bath temp., 260®). An almost colourless oil distilled over, 
which, on cooling, followed by extraction with hot light petroleum (b. p. 80 — 60^ and evaporation of 
the latter, gave colourless crystals of a-naphthylamine (m. p. and mixed m. p.). The part insoluble in 
the light petroleum was a resin which could not be identified. 

Fouad I University, Faculty of Science, 

Cairo, Egypt. [Received, September 21th, 1946.] 


196 . The Quantitative Determination of Galactose, Mannose, Arabinose, 

and Rhamnose. 

By E. L. Hirst, J. K. N. Jones, and E. A. Woods. 

Methods are described for the quantitative analysis of mixtures of galactose, mannose, 
arabinose, and rhamnose, which may occur amongst the hydrolysis products of plant gums. 
Galactose is estimated as its phenylmethylhydrazone, mannose as its phenylhydrazone, and 
arabinose as its benzoylhydrazone. The methods are accurate to within 9 mg. on weights 
above 0*1 g. Rhamnose can be determined as the benzoylhydrazone with an accuracy of 
±30 mg. on weights above 0*25 g. 

The plant gums are complex polysaccharides which contain a variety of sugar residues and 
amongst the products of hydrolysis galactose, mannose, arabinose, and rhamnose frequently 
occur. The quantitative determination of these sugars is a matter of some difficulty, the more so 
when they are admixed with other sugars and acids formed during the hydrolysis of the gums. 
We have carried out by the standard mucic acid method a large number of determinations of 
galactose in mixtures of sugars obtained from the hydrolysis of plant products, and have found 
the method inadequate, especially when only small quantities of material are available and 
when rf-galacturonic acid and /-galactose are present. Other methods which have been 
described are (1) the fermentation method using special strains of yeast (Wise and Appling, 
Ind. Eng, Chem. Anal,, 1944, 16, 28), and (2) a method in which the insoluble phenylmethyl- 
hydrazone of galactose is weighed. This latter method has been used by Neuberg (Biochem. 
Z,, 1907, 3, 619), Liidtke [Biochem, Z., 1919, 212, 419), Neuberg and Schweitzer {Monatsh,-, 
1937, 71, 4G), and Freeman, Challinor, and Willis [Biochcm. J,, 1940, 84, 316). These authors 
converted pure galactose into its phenylmethylhydrazone under standard conditions and used 
a factor for the conversion of the weight of derivative isolated into the weight of galactose in 
solution. This method, however, gives accurate results only if the amounts of galactose in the 
control and in the unknown solution are identical. To avoid the necessity of carrying out a 
control estimation on each occasion we have determined the yields, under standard conditions, 
of the phenylmethylhydrazone of galactose obtained from various amounts of galactose (Table I). 
From the results a graph was constructed which showed that the relationship between galactose 
and the yields of galactose phenylmethylhydrazone was linear even when glucose, xylose, 
rhamnose, and glucuronic acid were present. Mannose and arabinose interfere with the 
estimation, but the difficulties thus arising can be readily circumvented. Mannose can be 
estimated by the phenylhydrazine method (Bourquelot and Herissey, Compt, rend,, 1899, 129, 
339; see below) and can be removed by fermentation. Arabinose cannot be removed by 
fermentation but can be estimated by means of diphenylhydrazine (Neuberg, Ber., 1900, 3^ 
2243; Wise and Paterson, Ind, Eng, Chem,, 1930, 22, 365) or by boiling with 12% hydrochloric 
acid and estimation of the furfural evolved. Since the precipitation of arabinose with 
phenylmethylhydrazine appears to be nearly quantitative in the presence of galactose, an 
estimate of the galactose present can be made after deducting the weight of phenylmethyl- 
hydrazone formed from the arabinose, the amount of which has been estimated by another 
method. 

The quantitative estimation of arabinose in the presence of galactose is a matter of some 
difficulty since most reagents which give insoluble derivatives with arabinose also give insoluble 
derivatives with galactose, e,g,, phenylmethylhydrazine and phenylbenzylhydrazine. A 
reagent which does not possess this disadvantage is benzoylhydrazine. This reagent also has 
the advantage of ease of preparation and of stability (Fischer and Paulus, Arch, Pharm,, 1936, 
83; Militzer, J, Chem, Educ,, 1941, 26). In this estimation the mixture of sugars containing 
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arabinose (60 mg. in 500 mg.) is dissolved in water (2 c.c.) and a solution of benzoylhydrazine 
in alcohol (10 c.c.) is added; after two days the insoluble derivative is filtered ofi, dried, and 
weighed. Of many sugars examined the only one which interfered with this estimation was 
rhamnose, when present in quantities of over 300 mg. The standardisation was carried out as 
described above (see Table II a and 6), and gave a method of estimating arabinose accurate to 
within 9 mg. on 100 mg. when using weights of arabinose above 0*1 g. In the absence of 
arabinose this reagent can be used for the characterisation and quantitative estimation of 
rhamnose (see Table III). 

The estimation of mannose with phenylhydrazine has already been described (Bourquelot 
and Herissey, Compt rend., 1899, 129, 339). By adoption of the modified procedure described 
in the experimental section this method can be used for the estimation of mannose with an 
accuracy of approximately ±3 mg. on quantities of 100 mg. and over of mannose. The method 
was standardised in a manner similar to that described for galactose and arabinose (Table IV) , 
and it was found that no interference was caused by glucose, galactose, rhamnose, or arabinose. 

Experimental. 

Galactose, Reagent and Method of Analysis. — l-Phenyl-l-mcthylhydrazine (26 g.) was mixed with 
absolute alcohol (100 c.c.) containing glacial acetic acid (3 c.c.). The reagent was kept in a tightly 
stoppered brown glass bottle at 0°. 

To the sugar sample (containing not more than 1*4 g. of sugars) dissolved in water (10 c.c.) the 
above reagent (10 c.c.) was added and the mixture was kept in a tightly stoppered flask at 33® for 12 
hours with occasional shaking. It was then cooled to 0® for 9 hours and the crystals (m. p. 186®) were 
collected in a tared Gooch crucible, washed with ice-cold ethyl alcohol (10 c.c.), dried at 100® for 30 
minutes, and weighed. The yields of phenylmethylhydrazone obtained from various weights of 
galactose with and without the presence of other sugars are given in Table I. From these results it 
can be seen that the method is accurate to within 4 3 mg. on amounts above 0-1 g. 


Table I. 


Galactose 

(g-)- 

Sugars added (g.). 

Yield of 
phenylmethyl 
hydrazone 
(g.). 

Galactose 

(from 

graph) 

(g-)* 

Error 

(g*). 

Error calc, 
on original 
wt. of 

galactose (%). 

0*037 

— 

0*039 

0*039 

+0*002 

+ 6*4 

0*077 

— 

0*096 

0*077 

nil 

nil 

0*126 

— 

0*177 

0*132 

+0*006 

+ 4*8 

0*260 

— 

0*367 

0*263 

+ 0*003 

-f- 1*2 

0*426 

— 

0*615 

0*433 

+ 0*007 

+ 1-7 

0*711 

— 

1*036 

0*719 

+ 0*008 

+ M 

1*394 

— 

2*042 

1*403 

+ 0*009 

-f- 0*7 

0*184 

Mannose, 0*500 

1*020 1 

0*178 

-0*006 1 

- 3*3 

0*231 

Arabinose, 0*500 

1*030 2 

0*204 

-0*027 2 

-12*0 

0*226 

Xylose, 0*500 

0*320 

0*231 

+ 0*006 

+ 2*6 

0*202 

Rhamnose, 0*600 

0*281 

0*205 

+ 0*003 

+ 1*6 

0*232 

Glucuronic acid, 0*500 

0*320 

0*231 

-0*001 

- 0*6 

0*296 

Glucose, 0*600 

0*405 

0*289 

-0*007 

- 2*4 


^ 0*245 G. of mannose phenylmethylhydrazone. 

® 0*283 G. of /-arabinose phenylmethylhydrazone. 

From these figures the equation y = 0*673;r -f 0*013 can be deduced where y corresponds to the weight 
of galactose giving a weight x of phenylmethylhydrazone. 

Arabinose. Reagent and Method of Analysis. — Benzoylhydrazine, recrystallised from water and 
having m. p. 112 — 113® (26 g.), was dissolved in 95% alcohol (600 c.c.) and the solution was kept in a 
stoppered bottle until required. The sugar sample containing between 60 and 600 mg. of arabinose was 
dissolved in water (2 c.c.) in a 60 c.c. stoppered flask, and the reagent (10 c.c.) then added. The mixture 
was kept with occasional shaking at 20® for 24 hours and then at —3® for 22 hours. The crystalline 
residue, m. p. 186 — 190® (decomp.), was collected in a tared Gooch crucible, washed with ice-cold alcohol 
(10 C.C.), dried at 100® for J hour and weighed. It will be seen (Table Ila) that of the sugars glucose, 
mannose, xylose, galactose, glucurone, and rhamnose, only the last named interfered with the estimation 
and then only when present in amounts above 300 mg. The relationship between the weight of arabinose 
and the yield of derivative was linear and fitted the equation y = 0'566x -f- 0*022 where y is the weight 
of arabinose corresponding to a weight x of derivative isolated. 

(i-Arabinose benzoylhydrazone was prepared, as described above, from (f-arabinose and benzoyl- 
hydrazine, m. p. 186° (decomp.). (/-Glucose gave with benzoylhydrazine a derivative {m. p. 176 — 179° 

(decomp.), [a]??* +15° — > —23° in water} which was much more soluble than the derivative of 
arabinose and rhamnose ; it did not interfere with the estimation of these two sugars (Found : C, 62*4 ; 
H, 6*0; N, 9*6. CisHigO.N, requires C, 62*4; H, 6*0; N, 9*4%). 

In the second method of estimation of arabinose, an aqueous solution of benzoylhydrazine saturated 
at 20° (ca, 4*3 g./lOO c.c. of water) was used as a reagent. The derivative is more soluble in this reagent 
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but separates in a more easily filtered form. Since the reagent contains no alcohol, alcohol-insoluble 
materials such as oligosaccharides and the barium salts of uronic acids remain in solution during the 
reaction and do not contaminate the precipitate of arabinose benzoylhjrdrazone. The dry, water-soluble 
product to be analysed, containing between 50 and 150 mg. of arabinose, is dissolved in the reagent 
(5 c.c.) and kept at 30° for 48 hours and then cooled to 0° for 2 hours. The crystalline precipitate is 
filtered off, washed with 10 c.c. of 96% alcohol, and dried at 100° to constant weight. If the residue 
contains between 160 and 400 mg. of arabinose, more of the reagent (10 c.c.) is used. The derivative is 
isolated and weighed as above. FrOm the results obtained the equation v = 0-67;r -f 0 010 can be 
deduced where y is the weight of arabinose required to give a weight x of derivative (see Table 11b). 


Table 11a. 


Arabinose 

(g.)* 

Other sugars (g.). 

Derivative 

of 

arabinose. 

Arabinose 

from 

equation. 

Error (g.). 

Error calc, 
on wt. of 
arabinose 
taken (%). 

0-212 

— 

0-310 

0-194 

-0-018 

-8*6 

0-234 

Rhamnose, 0-087 

0-362 

0-223 

-0*011 

-60 

0-206 

Galactose, 0-071 

0-297 

0-187 

-0-019 

-9-2 

0-216 

Mannose, 0*108 

0-319 

0-199 

-0-016 

-7-4 

0-294 

— 

0-478 

0-288 

-0-006 

-2-1 

0-344 

— 

0-674 

0*341 

-0-003 

-0-9 

0-402 

— 

0-683 

0*401 

-0*001 

-0-3 

0-243 

Glucurone, 0*240 

0-376 

0-231 

-0-012 

-6*0 

0-267 

— 

0*436 

0*264 

+ 0-007 

+2-8 

0-389 

Rhamnose, 0-332 

0-656 

0-386 

-0003 

-0-8 

0-347 

— 

0-692 

0-351 

+ 0-004 

+ 1-2 

0-410 

Galactose, 0*176 

0*701 

0-411 

+0-001 

+0-3 

0-447 

— 

0-768 ^ 

0-449 

+0-002 

+0-6 

0-483 

— 

0-827 

0-481 

-0-002 

— 0-4 

0-055 

— 

0-064 

0-052 

-0-003 

~5-6 

0-072 

— 

0*083 

0-068 

-0-004 

-5-6 

0-107 

— 

0*162 

0-112 

+ 0-005 

+4-6 

0-178 

— 

0-297 

0-191 

+0-013 

+ 7-4 

0164 

— 

0-264 

0-163 

+0-009 

+ 6-8 

0-198 

— 

0-337 

0*209 

+0-011 

+6-6 

0-066 

Rhamnose, 0-350 

0-234 

0-152 

+0-097 

Interferes 

0-236 

Xylose, 0-331 ; 

0-389 

0-238 

+0-002 

+0-9 

0-120 

Rhamnose, 0-041 ; 
Mannose, 0-080 
Glucose, 0-372 

0-174 

0-119 

-0-001 

-0-8 

01 20 

Glucose, 0-371 

0-166 

0-114 

-0-006 

-6-0 

0-111 

Mannose, 0*397 

0-148 

0-104 

-0*007 

-6-3 

0-067 

— 

0*081 

0-067 

nil 

nil 

0-112 

— 

0-166 

0-114 

+0-002 

+ 1-8 

0-271 

— 

0-462 

0*279 

+0-008 

+ 2*9 

0-394 

— 

0-687 

0-404 

+0-010 

+2-6 

0-421 

— 

0724 

0-424 

+0-003 

+0-7 

0-088 

— 

0-122 

0-090 

+0-002 

+2-3 

0-218 

Mannose, 0-308 

0-363 

0-224 

+0-006 

+ 2-8 

0-172 

— 

0-278 

0-176 

+0*004 

+ 2-3 

0-266 

Rhamnose, 0-358 

0-603 

0-357 

+0*091 

Interferes 

0-446 

— 

0-770 

0-460 

+0*004 

+0-9 

0-361 

— 

0-617 

0-366 

+0-004 

-fM 

0-160 

Xylose, 0-321 

0-264 

0-169 

+0-009 

+6*6 

0-129 

Galactose, 0-372 

0-175 

0-119 

-0-010 

-8-0 


^ Table II6. 




Benzoyl- 

Arabinose 


Error calc, on 

Arabinose 

Sugar impurity 

hydrazone 

(from 


wt. of arabinose 

(g-)- 

(g-). 

found (g.). 

equation) (g.). 

Error (g.). 

taken (%). 

0-068 


0*062 

0-052 

-0*016 

-23-6 

0-079 

— 

0-088 

0-069 

-0-010 

-12-7 

0-116 

— 

0-164 

0-120 

+0-004 

+ 3-4 

0-185 

— 

0-286 

0-202 

+0*017 

+ 9-2 

0-213 

— 

0*314 

0-220 

+ 0-007 

+ 3-3 

0*173 

Rhamnose, 0*190 

0-202 

0-147 

-0-026 

-16*0 

0*268 

— 

0-389 

0-271 

+0*003 

+ M 

0-384 

Xylose, 0-190 

0-559 

0-386 

+0*001 

+ 0*3 

0-412 

— 

0*625 

0-428 

+0-016 

+ 3-9 


JF?Aamno5f.~-Rhamnose cannot be so successfully estimated as arabinose by the use of benzoyl- 
hydrazine, owing to the greater solubility of the rhamnose derivative and the interfering effect of small 
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quantities of arabinose. The sugar sample (260 to 600 mg. in 2 c.c. water) was mixed with saturated 
alcoholic benzoylhydrazone solution (10 c.c.) and the solution kept at 30® for 41 hours. After 17 hours 
the solution was seeded with a trace of the rhamnose derivative. After 41 hours the solution was cooled 
to —3® and the product filtered off and washed with 95% alcohol (30 c.c. in all). To avoid charring it 
was necessary to dry the product first in a desiccator and then at 90® for 1 hour. From the yields of 
derivative (see Table III) the equation y = 0-482;»r + 0*217 was deduced, where y is the weight of 
rhamnose hydrate which will give a yield, x, of rhamnose benzoylhydrazone. The rhamnose benzoyl- 
hydrazone separated as very fine white crystals which could be recrystallised from methyl alcohol. 
'Die derivative separated from methyl alcohol as long white needles, m. p. 180® (decomp.) (Found : 
C, 65 5; H, 6*4; N, 10-0. CiaHisOjNj requires C, 65*3: H, 6*4; N, 9*9%). 


Table III. 


/-Rhamnose 

hydrate 

taken 

(g.). 

Sugar impurity 
(g*)* 

Yield of 
benzoyl- 
hydrazone 
(g*)* 

Rhamnose 

hydrate 

(from 

equation) (g.). 

Error (g.). 

Error calc, on 
wt. of rhamnose 
taken (%). 

0*578 

— 

0*679 

0*544 

-0*034 

- 6*9 

0*461 

— 

0*529 

0*471 

+ 0*020 

+ 4*6 

0*349 

— 

0*351 

0*386 

+ 0*037 

+ 10*7 

0*210 

— 

0*026 

0*230 

+ 0*020 

+ 9*6 

0*270 

— 

0*191 

0*309 

+0*039 

+ 14*4 

0*322 

— 

0*271 

0*347 

+ 0*026 

+ 7*8 

0*370 

— 

0*326 

0*374 

+0*004 

- 1*1 

0*408 

— 

0*385 

0*379 

-0*029 

- 7*1 

0*470 

— 

0*471 

0*444 

-0*026 

- 5*5 

0*503 

— 

0*481 

0*449 

-0*054 

-10*7 

0*213 

— 

0*002 

0*218 

+0*005 

+ 2*3 

0*338 

— 

0*234 

0330 

-0*008 

- 2*4 

0*256 

— 

0*086 

0*258 

+0*002 

+ 0*8 

0*251 



0*162 

0*295 

+0*044 

+ 17*5 

0*310 

Glucose, 0*470 

0*267 

0*341 

+0*031 

+ 10 

0*464 

— 

0*467 

0*442 

-0*022 

- 4*7 

0*554 

— 

0*605 

0*508 

-0*046 

- 8*3 

Mannose, 

Reagent and Method of Analysis . — 

Phenylhydrazine (redistilled) (25 c.c 

.) was mixed with 


absolute alcohol (100 c.c.) containing glacial acetic acid (3 c.c.). The mixture was kept at 0"’ in a 
well-stoppered, dark bottle. 

The sugar sample was dissolved in water (10 c.c.), the above reagent (10 c.c.) added, and the mixture 
kept in a well-stoppered flask at 32® for 15 hours, with occasional shaking. It was then cooled to 0® for 
12 hours, and the phenylhydrazone was filtered off, washed with ice-cold alcohol (10 c.c.), dried at 100® 
for 30 minutes, and weighed. The yields of phenylhydrazone from various weights of mannose, together 
with the effect of various other sugars on the estimation, are given in Table IV. 


Table IV. 


Mannose (g.). 

Sugar impurity (g.). 

Yield of 
hydrazone (g.). 

Mannose (from 
graph) (g.). 

Error (g.) 

0*026 



nil 

nil 

-0*026 

0*051 



0*011 

0*033 

-0*018 

0*100 



0*114 

0*100 

nil 

0*203 

— 

0*277 

0*205 

+0*002 

0*401 

— 

0*573 

0*400 

-0*001 

0*601 



0*890 

0*610 

+0*009 

1*001 

— 

1*488 

1*003 

+0*002 

0*221 

Glucose, 0*600 

0*310 

0*228 

+0*007 

0*260 

Arabinose, 0*600 

0*365 

0*258 

-0*002 

0*214 

Galactose, 0*600 

0*300 

0*220 

+0*006 

0*226 

Rhamnose, 0*600 

0*298 

0*219 

-0*006 

0*205 

Glucuronic acid, 0*600 

0*280 

0*207 

+0*002 


These figures fit the equation y = 0*662.!r + 0*031 where y is the weight of mannose giving a weight 
X of mannose phenylhydrazone. 

From these results it can be seen that glucose, arabinose, galactose, rhamnose, and glucuronic acid 
do not interfere with the estimation of mannose, and that it is possible to carry out the estimation to 
within +3 mg. on amounts above 100 mg. 

One of us (E. A. W.) wishes to thank The Khaki University of Canada for making arrangements which 
made it possible for him to take part in the work. We wish also to thank Imperial Chemical Industries 
Ltd. and Simon-Carves Ltd. for grants. 

The University, Manchester. 


[Received, October 1th, 1946.] 
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Howard, Lythgoe, and Todd : 

197 * A Syntheeis of Cytidine. 

By G. A. Howard, B* Lythgoe, and A. R. Todd. 

Hydrogenolysis of 1 : 2 : 3-triacetyl 6-trityl li-ribofuranose gives a syrupy 1:2: 3-triacetyI 
i?-ribofuranose converted on acetylation into the crystalline 1:2:3: S^tetra-acetyl d*ribo~ 

' furanose. Treatment of the latter with liquid hydrogen bromide gave crude acetobromoribo- 
furanose which was used directly to prepare theophylline-l-p-d-ribofuranoside. By reaction 
of the acetobromoribofuranose with 2 : 6-diethoxypyrimidine, followed by treatment of the 
product with methanolic ammonia, 3-j5-d-ribofuranosidocytosine has been synthesised 
identical with the natural nucleoside, cytidine. 

Methods for the synthesis of nucleosides have been under investigation in this laboratory for 
some time with a variety of objects in view. On the one hand it was hoped that a successful 
outcome of the work would render available for biological examination a range of structural 
analogues of the natural nucleosides as a possible means of elucidating the mode of action 
of the latter in organised systems; on the other, study of the simpler compounds seemed a 
necessary preliminary to broader synthetic investigations relating to the co-enzymes and poly- 
nucleotides in the molecules of which nucleoside structures are preformed. 

In a series of papers in this Journal {•* Experiments on the Synthesis of Purine Nucleosides/* 
Parts I — XVI, reviewed in 1946, 647) we have reported progress made in the develop- 
ment of methods for the synthesis of analogues of adenosine, perhaps the most important of the 
natural nucleosides. General methods have been made available for the synthesis of 9-glyco- 
pyranosido- and 9-glycofuranosido-adenine derivatives, and answers have been provided to certain 
structural questions on which at the outset there was either no evidence or on which available 
evidence was not completely rigid. With the major problems of this part of the field approach- 
ing, as we hope, a satisfactory solution, it seemed desirable to broaden the scope of the investig- 
ations to include compounds of the type of guanosine, the pyrimidine ribosides, and the pyrimidine 
and purine deoxyribosides. The present communication records experiments which have led 
to the synthesis of the natural pyrimidine riboside, cytidine. 

The problems of synthesis of pyrimidine glycosides have been examined by a number of 
previous workers. The route which has received most attention depends on the direct introduc- 
tion of an acetylated glycosyl residue into the nucleus of an appropriate pyrimidine derivative 
by use of an acetohalogeno-sugar, a method essentially similar to Fischer and Helferich’s 
synthesis of purine glycosides {Ber., 1914, 47, 210). The early investigators (Fischer and Hel- 
ferich, loc. cit.] Fischer, Ber.t 1914, 47, 1377; Levene and Sobotka, /, Biol. Chem., 1925, 65, 
469) employed, for glycosidisation, pyrimidine derivatives containing substituents such as 
hydroxyl, to which, as a result of their capacity for proto tropic change, the glycosyl residue 
became attached, so that they w’ere not successful in obtaining heterocyclic V-glycosides. 
This difficulty was overcome by Hilbert and his collaborators, employing 2 : 6-dialkoxy- 
pyrimidines, in which tautomerisation possibilities are excluded. Thus interaction of 2 : O-di- 
ethoxypyrimidine (I) and acetobromoglucose gave the tetra-acetyl glucoside (II) which could be 
converted by methanolic hydrogen chloride into a 3-i?-glucosidouracil (III; R = OH), or by 
methanolic ammonia into a 3-^-glucosidocytosine (III; R = NHg) (Hilbert and Johnson, 
J, Amer. Chem. Soc., 1930, 52, 4489; Hilbert and Jansen, ibid., 1936, 58, 60). 



<;;,H,o(OAc). 

9.H„0, 


V) 




V 

(I.) 

(II.) 

(in.) 


Structural analogues of (III) carrying various glycosyl residues have been obtained by this 
method (Hilbert, ibid., 1937, 117, 331) including a 3-cf-ribosidouracil (Hilbert ^nd Rist, /. Biol. 
Chem., 1937, 117, 331) ; all these compounds must, from their mode of preparation, be 
pyranosides. 

An alternative synthesis of pyrimidine nucleosides may be envisaged involving cyclisation 
of an appropriate glycosidamino-compound ; such a method would be analogous in principle 
to our method for synthesis of purine-9-glycosides from 6-amino-4-glycosidaminopyrimidine 
derivatives. If developed, such a method might offer, in comparison with the synthesis from 
acetohalogeno-sugars, advantages such as the demonstration of the position of the sugar residue 
in the final product. It was in part this consideration that influenced us in our choice of a route 
for the Synthesis of purine-9-glycosides, but it seemed of less importance in the case of the 



1053 


[1947] A Synthesis of Cytidine. 

pyrimidine nucleosides, since the N3 location of the sugar residue in uridine has been fully 
established by Levene and Tipson (J. BioL Chem., 1934, 104 , 386), and we have shown (Davoll, 
Lythgoe, and Todd, 1946, 833) that in the uracil-^f-glucoside obtained by Hilbert's method 
the glucose residue does in fact, as formerly assumed from analogy (Hilbert and Johnson, loc. 
cit), occupy the same position. We therefore decided in the first instance to attempt the 
synthesis of cytidine by extending Hilbert’s method. 

The acetohalogeno-ribofuranose required for this purpose belongs to a class of compounds 
which in spite of their potential synthetic value have been little explored, mainly because of the 
inaccessibility of suitable furanose intermediates. In the pentose series no true representative 
of this class has been obtained, and amongst the hexoses only those derived from galactose 
(Schlubach and Wagenitz, Z. physiol, Chem,, 1932, 213, 87). Aniline- tf-ribofuranoside (Berger 
and Lee, /. Org, Chem,, 1946, 11 , 76) seemed at first sight to be a suitable starting material 
for the preparation of acetobromoribofuranose. It has been stated {idem, ibidr, Berger, 
Solmssen, Leonard, Wenis, and Lee, ibid,, p. 91) that this compound can be acetylated to a 
2:3: 6- triacetyl (f-ribosidoaniline which yields on careful acidic hydrolysis 2:3: 5- triacetyl 
<f-ribofuranose. However, as already recorded by us (Howard, Kenner, Lythgoe, and Todd, J., 
1946, 866) the acetylation is accompanied by a change to the isomeric pyranoside, so that in 
fact the product of the above reaction series is 2 : 3 : 4-triacetyl ^/-ribopyranose. 

It was therefore decided to study in more detail the method used by Bredereck, Kothnig, 
and Berger {Ber., 1940, 73 , 950) in their attempt to obtain acetobromoribofuranose. These 
investigators prepared 1:2: 3- triacetyl 5-trityl ^^-ribose (IV; R = CPhg), but attempts at 
selective removal of the trityl group from this compound were unsuccessful, giving instead of the 
desired 1:2: 3-triacetyl ^^-ribofuranose (V; R = H) a diacctyl anhydroribose <1:6><1:4> 
(V) owing to simultaneous loss of the acetyl group at Cj. In these experiments hydrogen bromide 
in acetic acid or aqueous acetic acid was used for fission of the trityl ether linkage, but it is 
known (e.g., Micheel, Ber., 1932, 65 , 262) that the fission may be effected by hydrogenolysis. 
By using the latter method we were successful in preparing from (IV; R = CPhj) a S3^rupy 
1:2: 3-triacetyl (i-ribofuranose (IV; R = H), in which the terminal location of the free hydroxyl 
group was shown by its conversion into a syrup}?' tosyl derivative which readily exchanged 
its tosyl group for iodine in the Oldham-Rutherford reaction. Further acetylation of (IV ; 
R = H) gave in good yield a crystalline 1:2:3: ^-tetra-acctyl d-ribofuranose (IV ; R = Ac) . 
In order to convert this into acetobromoribofuranose we adopted the method used by Schlubach 
and Wagenitz {loc. cit.) for the preparation of acetobromogalactofuranose. Brief treatment of 
(IV ; R = Ac) with liquid hydrogen bromide gave a syrup consisting essentially of the desired 
acetobromo-compound (VI) ; on account of its evident lability, isolation of the pure compound 
was not attempted, the crude product being used directly in glycosidisation experiments. 

When allowed to react with a suspension of theophylline silver in dry xylene, triacetyl 
theophylline-i^-ribofuranoside was obtained as a gum, which on treatment with methanolic 
ammonia gave in good yield a crystalline theophylline-7 -^-d-ribofuranoside (VII). The structure 
of this compound follows from the fact that it reacts with sodium metaperiodate, giving a 
crystalline a- theophylline- 7-a'-hydroxymethyldiglycollic aldehyde identical with that obtained 
from similar oxidation of theophylline-7-p-e?-glucopyranoside (L3rthgoe and Todd, /., 1944, 
692). 



Me NHa 


These reactions provided satisfactory evidence of the nature of the crude acetobromoribo- 
furanose and we could now proceed to the synthesis of cytidine (VIII). Interaction of 2 : 6-di- 
ethoxyp3a:imidine with (VI) at 66® gave a gummy product which on treatment with methanolic 
ammonia yielded a mixture of bases, from which cytidine was isolated by recrystallisation of the 
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picrates and finally of the sulphate. The cytidine sulphate so obtained agreed in composition 
and physical constants with that isolated from yeast nucleic acid. The Molisch teat was 
negative, but after prolonged heating with the perchloric acid-tryptophan reagent (Cohen, 
J, Biol, Chem,, 1944, 156, 691) the green colour characteristic of pentoses was slowly developed ; 
natural cytidine sulphate behaved in the same manner. Final confirmation of the identity of the 
natural and synthetic products was obtained by comparison of their X-ray crystal photographs, 
for which we are indebted to Dr. Clews and Mr. Nicol of the Department of Crystallography. 

The work described above represents the first synthesis of a naturally occurring nucleoside. 
Since it is known that cytidine can be deaminated to give uridine, the work also constitutes a 
synthesis of uridine, and provides confirmation of the degradative evidence relating to the 
structures of these two nucleosides. 

Experimental. 

1:2:3: ^-Tetra-acetyl ^•Rihofurano$e,^\ : 2 : 3-Triacetyl 5-trityl (f-ribofuranose (21 g. ; Bredereck, 
Kdthnig, and Berger, loc. cit.) dissolved in glacial acetic acid (250 c.c.) was hydrogenated at 35° and 
atmospheric pressure in presence of Adams's palladium oxide (1 g.)* After 3 hours 900 c.c. of hydrogen 
had been absorbed and the filtered solution was evaporated to dryness under reduced pressure. Crystal- 
lisation of the residue from alcohol gave triphenylmethane (8 g.), and the mother liquors after evaporation 
were dissolved in a little chloroform, light petroleum (b. p. 100 — 120°) was added, and the chloroform 
was removed by evaporation. The petroleum layer was removed, and the insoluble 1:2: 3-triacetyl 
^/-ribose acetylated in the usual way by acetic anhydride in pyridine. The acetylated material, isolated 
in the usual way, was dissolved in chloroform, washed with aqueous sodium bicarbonate and then with 
water, and the chloroform was removed from the dried solution under reduced pressure. Distillation 
of the residue at 100 — 110° (bath temp,)/10-* mm. gave 1:2:3: 5-ietra-acetyl d-rihofuranose as a syrup 
which crystallised on standing; m. p. 68°, [a]}?* -f 20° (±1°) (c, 0*645 in chloroform). Yield, 9 g. (70%) 
(Found : C. 49*1 ; H, 6*7. requires C, 49*2; H, 5-2%). 

Theophylline-i'P-d-ribofuranoside . — Pure anhydrous liquid hydrogen bromide (5 c.c.) was distilled 
into a Carius tube containing 1 : 2 : 3 : 6-tetra-acetyl i-ribose (1*6 g.) and, after being sealed, the tube 
was kept at room temperature for 10 minutes; dissolution was then complete. The tube was then 
opened and hydrogen bromide allowed to evaporate at room temperature, and the brown residue was 
evaporated twice with benzene under reduced pressure at 30° and finally heated to 35° in a high vacuum 
to remove hydrogen bromide as completely as possible. The crude acetobromoribofuranose so obtained 
was dissolved in a little xylene and the solution refluxed with a suspension of dry theophylline silver 
(1-6 g.) in dry xylene (60 c.c.) for 1 hour with exclusion of moisture. Silver bromide was removed from 
the hot solution, which was allowed to cool and filtered from a little theophylline which had separated. 
The filtrate was evaporated to dryness under reduced pressure and set aside for 2 days at 0° with 
raethanolic ammonia. Removal of solvents and crystallisation of the residue from water gave theo- 
phylline-l-p-d-rihofuranoside as colourless needles, m. p. 189°, [a]p' +27° ( + 5°) (c, 0*257 in water) 
(Found in material dried at 100° and 0*1 mm. : C, 46*1; H, 5*5; N, 19*7. C12H10O-N4 requires C, 
46*0; H. 6*0; N, 20 0%). Yield. 0*88 g. (60%). 

Periodate Oxidation. — The above glycoside (209*2 mg.) was treated with a solution of sodium meta- 
periodate (208 mg. per 6 c.c. water) and set aside for 24 hours. The crystalline deposit of a-theophylline- 
7-a'-hydroxymethyldiglycollic aldehyde was collected (140 mg.), and had m. p. 205 — 206° (decomp.), 
[a]]?* -38° ( 0 , 0*21 in water) (Found : C, 43*7 ; H. 4*9. Calc, for : C, 43*9 ; H, 4*9%). 

Lythgoe and Todd (loc, cit.) record for the same compound obtained from theophylline-7-S-d-glucopyrano- 
side, m. p. 207—208° (decomp,), [a]}?’ -42°. 

In one experiment on the preparation of theophylline-(f-ribofuranoside by the method described, 
there was isolated as sole product a substance separating from aqueous alcohol as colourless needles, 
ra. p. 193°. [aJlf* +110° (c, 0*254 in water) (Found : C, 46*8; H, 6*0; N, 17*9. Ci,Hie04N4 requires C, 
46*2; H, 5*1; N, 17*9%). This substance required 1*06 mols. of periodate per mol. for complete 
oxidation, the oxidised product having [M]}?* 1*03° (+0*5°) X 10*. It seems possible that it may be 
the^hylliiie-7-<f-a-ribofuranoside, 

Cytidine Sulphate . — Crude syrupy acetobromoribofuranose prepared in the manner described above 
from 1:2:3: 6-tetra-acetyl i-ribose (6 gj was dissolved in 2 : 6-diethoxy pyrimidine (16 g. ; Hilbert 
and Jansen, J. Amer. Chem. Soc., 1935, 67, 663) and the solution maintained at 66° for 24 hours with 
exclusion of moisture. After filtration from a little resin the solution was freed from excess of diethoxy- 
pyrimidine by evaporation at 100°/10-* mm, The residual 9 g. were dissolved in methanolic ammonia 
(40 C.C., saturated at 0°) and the solution was maintained at 80° for 4 days and then evaporated under 
reduced pressure. To a solution of the residue in hot alcohol (10 c.c.) hot alcoholic picric acid (5 g. in 
50 c.c.) was added. The picrate separating on cooling was recrystallised from water, and then had m. p. 
ca. 160°. It was decomposed with dilute sulphuric acid, picric and sulphuric acids were removed in the 
usual manner, and the solution was concentrated to 6 c.c. After addition of concentrated sulphuric acid 
(0*7 c.c.) and alcohol (25 c.c.), inoculation with a trace of cytidine suphate caused crystallisation. The 
product after reciystallisation from alcohol containing dilute sulphuric acid had m. p. 224° (decomp.) 
alone and in admixture with authentic material, [a]^* +35° (c, 0*366 in 1% aqueous sulphuric acid). 
Yield, 350 mg. [Found in material dried at 140v0*l mm.: C, 37*2; H, 6*2; N, 14*0. Calc, for 
(C,H„04N,)g.H,S04 : C, 37*0; H.4*8; N, 14*2%]. 

We acknowledge gratefully a Maintenance Grant made to one of us (G. A. H.) by the Department of 
Scientific and Industrial Research. 

University Chemical Laboratory, Cambridge. 


[Received, October IStk, 1946.] 



1055 


[1947] Jones : The Constitution of Cherry Gum. Part 11. 


198 . TAe Constitution of Cherry Oum. Part 11. The Produces 
of Hydrolysis of Methylated Cherry Oum. 

By J. K. N. Jones. 

Methylated cherry gum has been hydrolysed and the following products of hydrolysis have 
been identified : 2:3: 5*trimethyl /-arabinose, 2 : 5-dimethyl /-arabinose, 2:4: 6-trimethyl 
^-galactose, 2 : 4-dimethyl d-galactose, 2:3: 4-triracthyl ^f-glucuronic acid, and 2 : 3-dimethyl 
d-glucuronic acid. Derivatives of d-mannose and of <f-xylose are also present but remain to be 
identified ; other methylated derivatives of tf-galactose may also be present. 

The results indicate the main structural features of the polysaccharide, but owing to the 
difficulty encountered in effecting the quantitative separation of these sugars it is not possible 
at this stage to suggest a unique structural formula. 


It has been shown (Jones, J., 1939, 558) that cherry gum contains the following sugars in 
the approximate proportions indicated : ^/-glucuronic acid (1 part), ^/-mannose (1 part), 
^/-galactose (2 parts), /-arabinose (6 parts), and ^/-xylose (ca. 1‘5%). The polysaccharide has 
now been converted into the fully methylated derivative by the thallium hydroxide method 
of methylation (Menzies, J., 1926, 937; Hirst and Jones, 1938, 502). This product is 
substantially homogeneous since no portions differing materially one from another were 
obtained on fractionation. 

Methylated cherry gum, like methylated damson gum, readily underwent partial 
methanolysis with methyl alcoholic hydrogen chloride (2%) but there remained a resistant 
residue which required further prolonged boiling with this reagent before the reaction was 
complete. Six different sugars were recognised after fractional distillation of the methanolysis 
products, namely : 2:3: 5-trimethyl /-arabinose, 2 : 5-dimethyl /-arabinose, 2:4: G-tri- 

methyl t/-galactose, 2 : 4-dimethyl ^/-galactose, 2:3: 4-trimethyl ^/-glucuronic acid, and 
2 : 3-dimethyl ^-glucuronic acid. Derivatives of ^/-mannose and of r/-xylose must be present, 
but their isolation has not yet been accomplished. It is possible that other methylated 
galactoses may also be present amonst the products of hydrolysis. 

Proof of the identity of these sugar derivatives was obtained as follows : 

{a) 2:3: 5-Trimethyl /-arabinose (I) was identified after oxidation as crystalline 
2:3: 5- trimethyl /-arabonolactone (II). 
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{b) 2 : 6-Dimethyl /-arabinose (III) was recognised after oxidation as the crystalline lactone 
and amide (V) of 2 : 5-dimethyl /-arabonic acid (IV) (Smith, 1940, 1035). 

(c) 2:4: 6-Trimethyl <f-galactose (VI) was converted into its characteristic crystalline 
anilide (Bell and Wilson, 1938, 1196; Percival and Somerville, 1937, 1615). 

{d) 2 : 4-Dimethyl ri-galactose was isolated as crystalline 2 : 4-dimethyl if-galactose (VII) 
and its ciy^stalline anilide (Smith, 1940, 1050). 

{e) 2:3: 4-Trimethyl (VIII) and 2 : 3-dimethyl ^^-glucuronic (IX) acids were recognised as 
the corresponding crystalline derivatives of saccharic acid, viz. methyl 2:3: 4-trimetbyl 
d'-saccharolactone ester (X) and methyl 2 : 3-dimethyl r/-saccharolactone ester (XI). 

Owing to the difficulty in identifying and separating quantitatively the various glycosides 
it is not possible to give a precise quantitative estimate of the various sugar derivatives formed 
on hydrolysis of the methylated polysaccharide. ?Ience no attempt is made to give a unique 
formula for cherry gum at this stage. However, a semi-quantitative examination of various 
sugar residues identified indicates that the ratio of trimethyl /-arabofuranose to 2 : 5-dimethy] 
/-arabinose is about 1 : 1 and that the ratio of 2 : 4 : 6-trimethyl ^/-galactose to 2 : 4-dimethyl 
c/-galactose is also about 1:1. 

An inspection of the constants for the pentose fractions shows that derivatives other than 
2:3: 5- trimethyl /-arabinose and 2 : 5-dimethyl /-arabinose must be present in them since both 
the free sugars and the lactones derived from the pentose fractions had optical rotations too 
high in the positive sense. 2 : 6-Dimethyl /-arabonic acid (IV) and its amide (V) possess 
hydroxyl groups on adjacent carbon atoms (C, and C4) and should be oxidised by salts of 
periodic acid. Accordingly, fractions 23, 24, and 25 (see experimental section) were 
oxidised with periodic acid. From the product a lactone was obtained which must have 
possessed no a-glycol grouping, and since this lactone behaved as a pyranolactone it must be 
a derivative of 2 : 4-dimethyl (XIII) or 2 : 3 : 4-trimethyl r/-xylose (XII) or 2 : 4 : C-trimethyl 
^/-galactose (VI). A pj^ranose derivative of /-arabinose is ruled out as it is known that all the 
arabinose units are in the furaiiose form (Jones, loc. cit.). 
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It has already been shown that 2-(c/-glucuronosido)-r/-maTinose is part of both the damson 
gum and cherry gum molecules (Hirst and Jones, 1938, 1174), and it is now obvious that 
both polysaccharides possess other points of similarity. For example, ^/-galactose units which 
are linked through positions C3 and Ci and C^, C3, and Cj occur in both; in addition both 
molecules contain terminal /-arabinose and ^/-glucuronic acid units, and a ^/-glucuronic acid 
residue linked through Cj and C4 is common to both gums. A point of difference, however, 
is that in cherry gum /-arabinose residues occur which are linked through and C3 (cf. gum 
arabic. Smith, 1940, 1035) whilst in damson gum the linkage is through Cj and C5. 

It seems that cherry- gum is built up on the same lines as damson gum (Hirst and Jones, 
loc. cit.) and gum arabic (Smith, loc. cit.) with probably a main chain of d-galactose units to 
wffiich are attached side chains of aldobionic acids and pentose residues. 

A complication arises from the fact that cherry trees may be grown as grafts on different 
stocks and it remains to be decided whether or not the chemical nature of the exuded gum is 
dependent upon the type of stock (private communication from F. W. Sansome). Although 
all the samples of cherry gum which have been examined possess very similar properties, until 
these points are investigated it cannot be claimed that the results now brought forward 
necessarily apply to all varieties of cherry gum. 


Experimental. 

Methylation.^The cherry gum (of English origin) had equiv. 1503, furfuraldehyde 31*8%, and 
[tt]D — 28°. It appeared to be identical with cherry gum obtained from the South of France which 
had equiv. 1487, furfuraldehyde 31*9%, and [aju — 28° (mean values of determinations on seven separate 
nodules of gum). These figures are closely similar to those given in the literature for other samples of 
cherry gum isolated from widely different sources. Purified cherry gum (50 g.) (Jones, 1939, 558) 
was dissolved in water (300 c.c.) containing a little N-thallous hydroxide, and a hot concentrated solution 
of thallous hydroxide (300 c.c. of 4n) was added with stirring. The precipitated thallium complex was 
rapidly filtered off, washed with methyl alcohol, and dried in a vacuum at 40°. The powdered thallium 
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derivative (120 mesh) was stirred with methyl iodide, with the exclusion of light and moisture, until the 
initial reaction had subsided, and the mixture was then boiled (under reflux) until the solid no longer 
gave an alkaline reaction (50 hours). Excess of methyl iodide was boiled off, the residue was 
exhaustively extracted with methyl alcohol, and the extracts were concentrated to a cream coloured 
solid (62 g.). This partly methylated derivative was dissolved in alcohol, and N-thallous ethoxide in 
benzene (300 cx.) was added and the mixture evaporated to dryness with the exclusion of carbon 
dioxide. The solid was powdered (120 mesh), and boiled with methyl iodide until it no longer gave an 
alkaline reaction to litmus paper. The methylated product was extracted (as above) and the process of 
methylation with thallous ethoxide twice repeated. A final methylation with Purdie's reagents gave 
methylated cherry gum (48*0 g.) ; Mf?* — 28° (c, 2*1 in methyl alcohol) (Found : cquiv., 1650; OMe, 
40-7%). ^ This material (42 g.) was submitted to fractionation by precipitation from chloroform solution 
by addition of light petroleum. Three fractions were obtained as cream coloured solids, soluble in 
methyl alcohol, benzene, chloroform, acetone, dioxan, and cold water, insoluble in hot water and light 
petroleum. Fraction R (3*0 g.), [aJif* — 30° {c, 1*4 in methyl alcohol) (Found : uronic anhydride (by 
boiling with 12% hydrochloric acid under the standard conditions), 10*1%; equiv. (by titration with 
0*lN-sodium hydroxide), 1646; OMe, 39*0%). Fraction S (37*1 g.), [aj^‘ — 27° (c, 2*4 in methyl 
alcohol) (Found: uronic anhydride, 10*4%; equiv., 1650; OMe, 42*4%). Fraction T (1*6 g.), [a]f?" 
— 28° (c, 0*9 in methyl alcohol) (Found: uronic anhydride, 10*3%; equiv., 1660; OMe, 40*1%. 
Calc, for fully methylated cherry gum : uronic anhydride, 10*1%; equiv. 1742; OMe, 42*7%). 

Hydrolysis. — The methylated gum (Fraction S, 30 g.) was dissolved in 2% methyl alcoholic hydrogen 
chloride (300 c.c.) and boiled under reflux for 70 hours by which time [aj© had changed from —27° to 
f- 14°. The cooled solution was neutralised with silver carbonate, filtered, and evaporated to a syrup 
(34-4 g.), part of which was soluble in ether (A, 27*3 g., wk®* 1*4545) and part insoluble (B, 7*1 g., 
1*4810). 

The ether-soluble syrup (A, 27*3 g.) was heated to 90° with 0*3N-barium hydroxide (70 c.c.) for 
15 hours, cooled, neutralised with carbon dioxide, and filtered, and the filtrate exhaustively extracted 
\rith chloroform in an all-glass apparatus. The chloroform extracts were evaporated to a syrup, 
Wj?’ 1*4492, which on extraction with boiling ether gave a fraction soluble in ether (C, 17*45 g., 1 *4453) 

and an insoluble residue (D, 3*80 g., n^* 1*4624). The aqueous solution of the chloroform extraction 
was evaporated at 40°/12 mm. to a iDrown solid (E, 6*4 g.). 

Fraction C (17*45 g.) was fractionally distilled in a vacuum, giving : Fraction (1), 2 : 3 : 5-trimethyl 
methyW-arabofuranoside (7*80 g.), b. p. 110 — 120°/0*001 mm. (bath temp.), wJJ’* 1*4380 (Found : OMe, 
60*5%). Fraction (2), a mixture of 2:3: 5-trimeth5d mcthyl-/-arabofuranoside and 2 : 5-dimethyl 
metliyW-arabofuranosidc (2*11 g.), b. p. 120°/0*001 mm. (bath temp.), 1*4438 (Found : OMe, 58*3%). 
Fraction (3), mainly 2 : 5-dimethyl methyl-/-arabofuranoside (5*14 g.), b. p. 125 — 140°/0*001 mm. 
(bath temp.), 1*4532 (Found : OMe. 51*0%). 

To the still residue was added fraction D (3*80 g.) and the distillation continued. Fraction (4), 
mainly 2 : 4: 6-trimcthylraethyl-(f-galactoside (2*66 g.), b.p. 140 — 150 '/b'OOl mm. (bath temp.), T*4560 
(Found: OMe, 50*4%). Fraction (5), 2 : 4 : 6-trimcthyl methyi-(i-galacto.side (0*85 g.), b. p. 150 — 
160°/0*001 mm. (bath temp.), 1*4618 (Found : OMe, 50*4%). This fraction partially crystallised. 
Still residue (F). 

The ether-insoluble syrup B (7*1 g .) and the solid residue E (6*4 g.) were united and boiled with 
2% methyl-alcoholic hydrogen chloride (300 c.c.) for 72 hours. The solution was neutralised with silver 
carbonate, filtered, and concentrated to a syrup which was heated with 0*3xX-bariura hydroxide (90 c.c.) 
for 12 hours. The cooled solution was neutralised with carbon dioxide, filtered, and exhaustively 
extracted with chloroform, and the extracts were concentrated to a .syrup (G, 4*78 g., 1*4730), 

which was added to the still residue (F) and the fractionation continued, giving : Fraction (6), mainly 
2:3: 5- trimethyl methyl-/-arabofurano.side (1*278 g.), b. p. 110°/0*001 mm. (bath temp.), 1*4372 
(Found : OMe, 58*0%) . Fraction (7), a mixture of 2 : 5-dimcthyl methyl-/-arabofuranoside and 2:4: 6-tri- 
methyl methyl-if-galactoside (0*70 g.), b. p. 120 — 150°/0*00i ram. (bath temp.), 1*4572 (Found: 
OMe, 52*3%). Fraction (8), mainly 2 : 4-diraethyl methyl-i?-galactoside (4*25 g.), b. p. 1()0“/0*001 mm. 
(bath temp.), 1*4750 (Found : OMe, 38*4%). Fraction (9), dimethyl and inonornethyl methyl- 
hexosides (T15 g.), b. p. 160 — 200°/0’001 mm. (bath temp.), 1*4845 (Found : OMe, 31*7%). Still 
residue, (0*38 g.). 

The aqueous solution from G was evaporated to dryness and the residual barium salts were boiled 
with 6% methyl alcoholic hydrogen chloride (200 c.c.) for 24 hours. The solution was neutralised 
with barium carbonate, filtered, and evaporated to a syrupy mass which was exhaustively extracted 
with acetone. Removal of the solvent at 40°/12 mm. gave a syrup (r/^’ 1*4722), part of which (3*80 g.) 
was separated into two fractions by extraction with ether. The ether-soluble material (2*90 g., wfj* 
T4626) was fractionally distilled in a vacuum, giving: Fraction (10), mainly the methyl ester of 
2 : 3 : 4-trimethyl methyl-if-glucuronoside (T63 g.), b. p. 120°/0*001 mm. (bath temp.), «li**®* 1*4530 
(Found : OMe, 56%). This fraction was partially crystalline. Fraction (11), mainly the 
methyl ester of dimethyl methylglucuronoside (0*83 g.), b. p. 150°/0*001 mm. (bath temp.), 
wJJ* 1*4681 (Found : OMe, 48*7%). To the still residue was added the ether-insoluble portion (0*90 g.) 
of the glucuronic acid fractions and the distillation was continued, giving : Fraction (12), a mixture of 
the methyl esters of 2:3: 4-trimethyl methyl-df-glucuronoside and dimethyl methyl-^f-glucuronoside 
(0*60 g.), b. p. 160— 200°/0*001 mm. (bath temp.), w}?* 1*4698 (Found : OMe, 48*8%). 

Examination of the various Fractions. — Fractions (1), (2), and (6) were combined (11*1 g.) and 
hydrolysed with 0*lN-sulphuric acid (90 c.c.) for 7J hours at 90°. [a]|?* — 20° (c, 11*1 in 0*lN-sulphuric 

acid, initial value); — 20° (IJ hours); — 10° (Sf hours); :1;0° (7^ hours, constant value). The 
solution was neutralised with barium carbonate, filtered, and evaporated to a syrup at 40°/12 mm., 
and the sugars were exhaustively extracted with chloroform. Concentration of the extracts gave a 
syrup (9*28 g., wjf* 1*4522), a portion (8*68 g.) of which was fractionally distilled in a vacuum giving : 
Fraction (13) (7*40 g.), 2:3: 6-trimethyl /-arabofuranose, b. p. 108 — 120°/0*001 mm. (bath temp.), 
wg* 1*4640; [a]??’ ±0° (c, 0*9 in water) (Found: OMe, 48*0. Calc, for CgHieOj : OMe. 48*4%). 
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Ffooiion (14) (0*83 g.), b. p, 120 — 140®/0*001 mm. (bath temp.), [nj?*] 1-4668, [a]g^ -f 47® (c, 0»55iii water) 
(Found : OMe, 42-8%). Fesiduff (0 26 g.). , 

Fraction (13) (6-80 g.) was dissolved in water (20 c.c.) and oxidised with bromine (6 c.c,). The 
lactones (6-40 g. ; w}?’ 1-4638) isolated in the usual manner were fractionally distilled giving Fraction 
(16), mainly 2:3: 6-trimethyl /-arabonolactone (2-5 g.), b. p. 104®/0-001 mm. (bath temp.), 1-4462 
(supercooled liquid), m. p. and mixed m. p. with an authentic specimen 27®, [a]S** — 28® (initial value 
m water; i:, 1-58) ; - 29® (2 hours) ; ~ 32® (4f hours) ; - 35° (6| hours) ; ~ 33® (22 hours) ; - 32® 
(29J hours) ; — 31® (49 hours) (Found : equiv,, 198; OMe, 48-3%). With liquid ammonia the lactone 
gave in good yield 2:3: 5-trimethyl /-arabonamide, m. p. and mixed m. p., 138°. Fraction (16) 
{1-98 g.), mainly 2:3: 5-trimethyl /-arabonolactone. b. p. 104 — 124°/0-001 mm. (bath temp.), w}?* 
1-4500. [ai??* + 8® (c, 1*8 in water, initial value) ; — 2® (1 hour) ; — 17® (4 hours) ; — 19® (6 hours) ; 

— 26® (22 hours); — 25® (33 hours); — 24® (49 hours) (Found: equiv., 198; OMe, 51-0%). With 
liquid ammonia this lactone gave 2:3: 6-trimethyl /-arabonamide, m. p. 138® in 70% yield. Fractions 
(15) and (16) were both contaminated with a lactone which, from its rate of mutarotation, was a 
8-lactone and which may have been a derivative of ^/-xylonic or c/-galactonic acid. The residue (2*0 g.) 
is considered below. 

Fractions (3), (4), and (7) were combined (8-40 g.) and hydrolysed with N-sulphuric acid (100 c.c.) 
during 7 hours at 90^ 21® (initial value) ; -|- 56® (} hour) ; -f 66° (li hours) ; + 64® (2^ hours) ; 

-f- 62® (4 hours) ; -f 48® (7 hours, constant value). The solution was neutralised with barium carbonate, 
filtered, and evaporated, and the residual syrupy sugars (7-64 g., tiJJ* 1-4740) were isolated in the 
usual manner and distilled, giving : Fraction (17) (2-29 g.), mainly 2 : 6-dimethyl /-arabinose, b. p. 
128 — 133 70 001 mm. (bath temp.), n^* 1*4668. [a]^* + 60° (c, 0-96 in water) (Found : OMe, 41*4%). 

Fraction (18) (3-36 g.), b. p. 135®/0-001 mm. (bath temp.), J-4735. [a]‘g* -f 36® (c, 1-6 in water) 

(Found : OMe, 42 0o/o). Fraction (19) (1-07 g.), b. p. 140— 170®/0 001 mm. (bath temp.). [a]|?*+ 39® 
(r, 0-88 in water) (Found : OMe, 36*9%). Residue (0*73 g.). 

Fractions (14), (17), (18), and (19) were combined (7*4 g.) and oxidised with bromine water. The 
lactones (6-60 g.) were isolated, combined with the residue (2 0 g.) from fractions (15) and (16), and 
fractionally distilled in a vacuum giving Fraction (20) (1-15 g.), 2 : 5-dimethyl /-arabonolactone admixed 
with some other lactone of higher positive rotation (2 : 4 ; 6-trimethyl </-galactonolactone?), b. p. 130 — 
140®/0*001 mm. (bath temp.), mJ,®’ 1*4562. [a]^^* -|- 14® (c, 1-25 in water, initial value) ; -f 4° (If hours) ; 

— 12® (5f hours); — 16° (9 hours); — 16° (22 hours) (Found : equiv., 187; OMe, 38-8%. Calc, for 
C^FIijOg : equiv., 176; OMe, 35-2%). With liquid ammonia the lactone gave 2 : 6-dimethyl /-arabon- 
amide in good yield, m. p. and mixed m. p. with an authentic specimen, 131® (Smith, 1939, 751) 
depressed to 122® on admixture with 2 : 3-dimethyl /-arabonamide. 2 : 6-Dimethyl /-arabonamide gave 
a negative Weerman test. 

Conversion of 2 : 6-Dimethyl VArahonamide into 2 : 6-Dimethyl Arabonolactone. — The amide (0-4 g.) 
was heated at 90° with excess of N-sodium hydroxide until ammonia was no longer evolved (2 hours) . 
The solution was acidihed with N-sulphuric acid and then extracted exhaustively with chloroform. 
Concentration of the chloroform solution gave a syrup (0*35 g.) which was distilled in a vacuum ; b. p. 
160®/0‘3 mm. The product crystallised, had m. p. 60°, and was pure 2 : 5-dimethyl /-arabonolactone 
(Found : OMe, 35 0. Calc, for CyHjaO* : OMe, 36%). Fraction (21) (5-09 g.) was mainly 2 : 6-dimethyl 
/-arabonolactone, b. p. 150®/0-001 mm. (batli temp.), «!>* 1-4642. [a]^* 21® (c, 1-97 in water, initial 

value); -|- 8° (If hours); - 8® (5f hours); - 11® (9 hours); - 11® (22 hours); - 10® (38 hours) 
(I^ound : equiv., 189; OMe, 36-3%). With liquid ammonia the lactone gave 2 : 5-dimethyl 
/-arabonamide, rn. p. 131®, in 60% yield. Fraction (22) (1-60 g.), had b. p. 160 — 180°/0*001 mm. (bath 
temp.), n]}* 1*4720 (Found : OMe, 32-8%), and gave no crystalline amide with liquid ammonia. 

The non-crystalline amides from Fractions (16) and (16) were combined and heated with barium 
hydroxide in a stream of nitrogen until the solution was free from ammonia. Excess of barium 
hydroxide was removed by carbon dioxide and the filtered solution decomposed with the calculated 
quantity of N-sulphuric acid, filtered, and evaporated to a syrup. In a similar manner lactones were 
regenerated from fractions (20), (21), and (22). The lactones recovered from (15) and (16) were 
distilled in a vacuum, giving Fractio^i (23), b. p, 120°/0*001 mm. (bath temp.), n^* 1*4550. [ajf?* -j- 33° 
(c, 0-84 in water) ; + 27® (1 hour) ; -f 14® (2 hours) ; -f 7® (3f hours) ; - 5® (7 hours) ; - 11® (11 
hours); — 11® (23 hours). (Found: equiv., 200; OMe, 46*4%). With liquid ammonia the lactone 
gave an amide from which a small amount (50 mg.) of 2 : 3 : 5-trimethyl /-arabonamide was isolated ; 
m. p. 138®. The syrupy amide gave a negative Weerman reaction showing the absence of amides with 
hydroxyl groups on Cg. The lactones from Fractions (20), (21), and (22) were fractionally distilled in 
a vacuum, giving : Fraction (24), b. p. 160°/0*001 mm. (bath temp.), 1*4648. [a]??* + 43° (c, 2-35 

in water; initial value) ; -f 32® (1 hour) ; -f- 18® (2 hours) ; -f 8® (Sf hours) ; - 4® (7 hours) ; - 10® 
(22 hours) (Found: equiv.,. 184; OMe, 39*6%). With liquid ammonia this lactone gave a syrupy 
amide which gave a negative Weerman test. Fraction (25), b. p. 160 — 170°/0*001 mm., n^* 1*4740. 

^'85 in water, initial value) ; -f 8® (IJ hours) ; 0® (2| hours) ; —6® (12J hours) ; — 11° 

(25 hours); — 7° (33} hours) (Found : equiv., 186; OMe, 36*4%). This lactone reacted with liquid 
ammonia giving a syrupy amide which gave a positive Weerman reaction. 

The non-crystalline amides (3-50 g.) from the above lactones [Fractions (23), (24), and (25)] were 
dissolved in water and excess of periodic acid added. The solution become hot, and an odour 
resembling that of acetaldehyde was detected ; this reaction destroyed all the 2 : 6-dimethyl /-arabon- 
amide present in the syrupy amides. The solution was neutralised with barium carbonate and 
filtered, and the filtrate concentrated at 40°/12 mm. The distillate had an aldehydic odour and reduced 
hot Fehling's solution. The residual syrup was dissolved in water and oxidised with bromine in the 
presence of barium carbonate until non-reducing to Feliling’s solution. Bromine was removed by 
aeration, the filtered solution evaporated to dryness, and the residue boiled with 2% methyl alcoholic 
hydrogen chloride for 10 hours. Hydrochloric acid was removed with silver carbonate, and the 
filtered solution evaporated at 90°/760 mm., to a syrup which was distilled in a vacuum, giving : Fraction 
(26) (1*8 g.), b. p. 135— -146®/0*001 mm. (bath temp.), 1*4638. [a]J?* -f- 60® (c, 1*2 in water, initial 
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value) : + 40“’ (H hours) ; + 23“ (4 hours) ; + 16“ (7 hours) ; +11” (23 hours) ; + 11“ (28 hours, 
constant value) (Found : equiv., 175; OMe, 47*9%). With liquid ammonia the distilled lactone gave 
no crystalline amide. As no dimethyl dimethoxysuccinate was isolated, it is inferred that 2 ; 3-dimethyl 
arabinose and 2 ; 3-dimethyl xylose are not present in Fractions (23), (24), and (25). Fraction (27) 
(0-8 g.), b. p. 146-— I 6570 OOI mm. (bath temp.), 1-4628. [a]§>’ -|- IT (c, 1-0 in water, initial value) ; 

+ 59® (2 hours); -f- 33° (Sf hours); -f 23° (24 hours, constant value) (Found : equiv., 190; OMe, 
45-7%). This fraction gave no crystalline derivative on conversion into the corresponding amide by 
solution in liquid ammonia. This amide and the amide from Fraction (26) gave no sodium cyanate with 
sodium hypochlorite, proving the absence of a hydroxyl group on Cg. 3 : 4-Dimethyl arabinose, 
3 : 4-dimethyl xylose, and 3:4: 6-trimethyl d-mannose are thus absent from this fraction. 

Fraction (6) (0-82 g.) was dissolved in N-hydrochloric acid (20 c.c.) and heated at 90 — 95° for 
3 hours, + 90° (initial value) ; -f 77° (1 hour) ; -j- 69° {2J hours, constant value). The solution 

was neutralised with silver carbonate, filtered and evaporated to a syrup (0-80 g.), wfj* 1-4738. [a]fj* 
•f- 75° (c, 4-0 in water) (Found : OMe, 39-0%). The syrup (0-79 g.) on being refluxed with alcoholic 
aniline gave 2:4: 6-trimethyl «f-galactose anilide (0-47 g.), m. p. and mixed m. p. 179°. The non- 
crystalline anilide was heated with N-hydrochloric acid (10 c.c.) at 70° for 3 hours. The cooled solution 
was neutralised with silver carbonate, filtered, and exhaustively extracted with light petroleum, and 
the extracted solution evaporated to a syrup which did not crystallise. The recovered sugar was 
oxidised with bromine water and the lactone isolated as a syrup which gave with liquid ammonia a non- 
crystalline amide. The amide gave no sodium cyanate with sodium hypochlorite (Weerman reaction), 
proving the absence of a hydroxyl group on C 2 and therefore of a mannose derivative in this fraction 
(see Jones, loc. cit.). The yield of 2 : 4 : 6-trimethyl if-galactosc anilide corresponds to the presence of 
0-50 g. of 2 : 4 : 6-trimethyl if-galactose in this fraction. 

Fraction (8) (4-19 g.) was dissolved in N-hydrochloric acid (50 c.c.) and heated at 90 — 95° for 4 hours. 
[a]i?* + 74° (initial value), rising to 78° (constant value). The solution was neutralised with silver 
carbonate, filtered, and evaporated to a syrup (3-98 g.) which did not crystallise and had [a]©’ -f 85'^ 
(in water) (Found : OMe, 25-2%). The sugar (3-50 g.) on being heated with alcoholic aniline gave 
2 : 4-dimethyl (f-galactose anilide (0-62 g.), m. p. and mixed m. p. with an authentic specimen 212°, and 
a syrupy anilide (Y). This corresponds to the presence of 1*08 g. of 2 : 4-dimethyl ^f-galactose in this 
fraction. The crystalline anilide was hydrolysed with N-hydrochloric acid at 90° for 2 hours, the 
cooled solution neutralised with silver carbonate, and filtered, aniline extracted with ether, and the 
aqueous solution evaporated to a syrup which crystallised on nucleation with the monohydrale of 
2 : 4-dimethyl d-galactose ; m. p, and mixed m. p. wdth an authentic specimen 105°. The sugar (0-30 g.) 
was oxidised with bromine water and the lactone of 2 : 4-dimethyl ^/-galactonic acid (0-20 g.) isolated as a 

syrup, [a]5?* -j- 100° >■ -f- 40° (60 hours, constant value), which on solution in liquid ammonia ga\’e 

2 : 4-dimethyl d-galactonamide (0-11 g,). [a]i?* -f 58° (c, 1-1 in water) ; m. p. and mixed m. p. 164 ' 

(Found : OMe, 27-6. Calc, for CsHi^OeN : OMe, 27-8%). 

The filtrate from the anilide (Y) was evaporated to a syrup and hydrolysed with N-hydrochloric 
acid, and the free sugar (2-35 g., 1*4842) isolated in the usual manner. The sugar was boiled in 

2% methyl alcoholic hydrogen chloride and the resulting glycosides isolated and distilled ; b. p. 160 — 
180°/0-002 mm. (bath temp.), T4700 (Found : OMe, 41-7%). This substance which analysed as 
a dimethyl methylhexoside failed to give any crystalline products on hydrolysis. 

Fraction (9) (0-91 g.) was hydrolysed with N-hydrochloric acid (30 c.c.) for six hours at 95°. 

-f 60° y -f- 85° (constant value). The sugars (0-7 g.) isolated in the usual manner did not crystallise 

and no crystalline derivative could be isolated from them. 

Fraction (10) (T3 g.) was hydrolysed with boiling N-hydrochloric acid and the resultant 2:3; 4-tri- 
methyl (f-glucuronic acid isolated. It was converted by oxidation with bromine water into 2:3; 4-tri- 
methyl if-saccharic acid which was isolated as follows. Bromine was removed mainly by aeration, the 
last traces being removed by the passage of sulphur dioxide. The solution containing the methylated 
derivative was then extracted exhaustively with chloroform and the extracts were concentrated to a 
syrup (T1 g.) which was esterified by boiling with methyl alcoholic hydrogen chloride. The resultant 
dimethyl ester of 2 : 3 : 4-trimethyl S-saccharic acid was isoluted and converted into the methyl ester 
of 2:3: 4-trimethyl saccharolactone by distillation in a vacuum. The product (0-9 g.), r/g** 1-4605, 
crystallised and was purified by recrystallisation from ether; m. p. and mixed m. p. with an authentic 
specimen 110°. 

Fractions (11) and (12) were combined and a portion of the mixture (0*9 g.) was hydrolysed. The 
resultant mixture of 2:3: 4-trimethyl i?-glucuronic acid and 2 : 3-dimethyl df-glucuronic acid was 
oxidised and the product converted into the corresponding dimethyl esters of 2 : 3 : 4-trimethyl and 
2 : 3-dimethyl ^f-saccharic acid as described above. Distillation of this mixture (0-6 g.) gave a fraction 
(0-2 g.), b. p. 140°/0-0 mm., T4650, which crystallised in part and from which methyl 2:3: 4-tri- 
methyl d-saccharolactone, m. p. 110°, was obtained by tiling the crystals followed by rccrystallisation 
of the product from ether. A higher boiling fraction (0-3 g.), up to 200°/0-01 mm., 1-4730, 
crystallised on nucleation with methyl 2 : 3-dimethyl if-saccharolactone. The crystals were separated 
by tiling and were purified by recrystallisation from alcohol-cther ; m. p. 101° — not depressed on 
admixture with an authentic specimen. 
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199. Some Reactions and Derivatives of 6- and l-Nitro-2- 
naphthylamines. Part II. Nitration and Diazo-coupling. 

By Herbert H. Hodgson and Edward R. Ward. 

The acetyl and toluene-^-salphonyl derivatives of 6- and 7-nitro-2-naphthylamines 
nitrate in the 1-position, and the dinitro-compounds are highly resistant to further 
nitration. 6- and 7-Nitro-2-naphthylamines couple in the 1-position, and the re- 
sulting o-arninoazo-compounds are oxidised to triazoles. Replacement of the amino- 
by the acetoxy-group in 6- and 7-nitro-p-nitrobenzeneazo-2-naphthylamines readily occurs 
by heating in glacial acetic acid with sodium nitrite. 

Further nitration of both the acetyl and the toluene-/>-sulphonyl derivatives of 6- and 
7-nitro-2-nai)hthylamines occurs in the 1-position only, and absence of nitration in the 3-position, 
as pointed out by Bell (/., 1929, 2784) for the corresponding derivatives of p-naphthylamine, 
is now further emphasised. 

It may be noted that the further nitration of six of the eight possible heteronuclear mono- 
nitrotoluene-^?-sulphon-naphthalides has now been investigated, and whereas the four hetero- 
nuclear mononitro-2-naphthalides are only mononitrated in acetic acid medium with fuming 
nitric acid, both 5- and G-nitro-l-naphthalides are simultaneously dinitrated. This is in 
contrast to the simultaneous dinitration of the unsubstituted 1- and 2-toluene-/)-sulphon- 
naphthalides. Incidentally, however, the m-nitrobenzenesulphonyl derivatives of 8-nitro- 
and 1 : 6-dinitro-2-naphthy famines both afforded the 1:6: 8-trinitro-derivative on further 
nitration (Bell, loc. cit.). 

The constitutions of the 1 : l-diniiroaceto- and 1 : 7-dinitrotolnene-p-sulphon-2-naphthalides 
were established by hydrolysis to the amine followed by its diazotisation and deamination to the 
known 1 : 7-dinitronaphthalene (cf. Hodgson and Birtwell, /., 1943, 433). 

6- and 7-Nitro-2-naphthylamines, used as second components, both couple in alcoholic 
acetic acid with diazotised amines in the 1-position as shown by oxidation of the resulting 
o-aminoazo-compounds to triazoles, by their resistance to acetylation, and by their diazotisation 
and conversion into a mixture of n-azonaphthol and n-azonaphthyl acetate by the sodium 
nitrite-glacial acetic procedure of Hodgson and Foster (/., 1942, 435) [cf. also Morgan and 
Chazan (J. Soc. Chem. Ind., 1922, 41 , lx) and Morgan and Gilmour {ibid., p. 61t) who 
showed similarly that 6- and 8-nitro-2-naphthylamines coupled in the 1-position] . 6- and 
7-Nitro-p-nitrobcnccneazo-2-naphthylamines behaved somewhat differently towards the Hodgson 
and Foster procedure {loc, cii.), the former being hydrolysed more readily to give predominant 
naplithol in the mixture of naphthol and naphthyl acetate obtained, whereas the latter afforded 
a good yield of the l-nitro-l-p-nitrobenzeneazonaphthyl acetate. It is noteworthy that tar was 
absent in these decompositions, indicating ease of replacement of the amine by the acetoxy- 
group. Previously, Hodgson and Foster {loc. cit.) had found, for azo-dyes with unsubstituted 
(:i-naphthylamine as second component, that meta-directing groups in the first component 
]jromoted this rcidacement, so that evidence is now to hand of the same effect by the meta- 
directing 6- and 7-nitro-groups in the fi-naphthylamine component. 

In connection with the transmissions of effects Cwm the C- to the 2-position (cf. Robinson 
and Thompson, 1932, 2015), it is of interest that 6-nitro- 
2-naphthol would not couple with diazotised ^-nitroaniline in either 
ethanol or aqueous sodium carbonate solution, showing the 
deactivating effect of the 6-nitro- on the phenolic group, in the 
potential ionic quinonoid structure, in which the 1-position, instead 
of acquiring the anionoid activity requisite for coupling, becomes kationoid. 

The claim of Friedlander and Littner (Ber., 1915, 48 , 330) to have prepared some 6-nitro- 
aceto-2-naphthalide from p-acetonaphthalide, and since disproved by Vesel^ and Jakes {Bull, 
Soc. chim., 1923, 33 , 942), has erroneously been repeated in Org. Synth., 1933, 13 , 73. 

Experimental. 

Nitration of l-Nitro-2-acetonaphthalide. — 7-Nitro-2-naphthylamine (3 g.) was refluxed with glacial 
acetic acid (12 c.c.) and acetic anhydride (3 c.c.) for 10 minutes; on cooling, an almost quantitative 
separation of 7-nitro-2-acetonaphthalide was obtained, which, after recrystallisation from 50% ethanol, 
had m. p. 221®. This acetyl compound (3 g.) was added gradually to nitric acid (12 c.c., d 1-6) during 
15 minutes (the temperature being kept below 20°), and, after being stirred for a further 15 minutes, 
the mixture was poured on ice and the precipitate of 1 : 7’dinitro-2-acetonaphthaUde (3^5 g.) removed, 
washed with water, and dried ; it crystallised from glacial acetic acid in pale yellow needles, m. p. 222® 
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(Found : N, 15*1, CnKgOgNj, requires N, 16-3%). Sliould the temperature be allowed to rise during 
nitration even as high as 60® for 6 — 10 minutes, some oxidation occurs although the final product is 
mainly 1 : 7-dinitro-2-acetonaphthalide. 

1 : l*Dinitro-2-naphthylamtne was obtained when the acetyl derivative above (2*6 g.) was hydrolysed 
by refluxing with a solution of ethanol (26 c.c.) and 60% aqueous sulphuric acid (25 c.c.) for 46 minutes ; 
after cooling, the separated 1 : 7-dinitro-2-naphthylamine (2 g.) was filtered ofl, washed with ethanol, and 
dried ; it crystallised from 60% aqueous pyridine in golden yellow needles, m. p. 248 — 249° (Found : 
N, 18‘1. C 10 H 7 O 4 NS requires N, 18*0%). Deamination of the amine (1-6 g.) occurred when its solution 
below 20® in sulphuric acid (8 c.c., d 1*84) containing sodium nitrite (0*6 g.) was stirred gradually into 
glacial acetic acid (20 c.c.), the stirring continued for 30 minutes, red copper oxide (2 — 3 g.) added portion- 
wise during 1 5 minutes, and the temperature allowed to rise to 40®. After being stirred for a further 1 hour, 
the mixture was poured on ice, the precipitate of 1 : 7-dinitronaphthalene filtered off, washed with water, 
dried, extracted with boiling ethylene dichloride, the solvent removed from the extract, and the 
1 : 7 -dinitronaphthalene purified by sublimation at 190 — 200®/15 mm. ; m. p. and mixed m. p. with an 
authentic specimen, 156® (Vesel;^ and Dvorak, Bull. Soc. chim., 1923. 33, 319, give m. p. 156®). 

Nitration of l‘Nitrotoluene-^-sulphon-2-naphthalide. — A solution of the naphthalide (2-6 g.) in glacial 
acetic acid (20 c.c.) at 60° was treated first with a crystal of sodium nitrite and then with 7'6 c.c. of a 
solution made up of nitric acid (1 c.c., d 1*5) in glacial acetic acid (9 c.c.) ; nitration began when the 
temperature was raised to 66 °, and for completion the mixture was kept at 90® for 6 minutes ; on cooling, 

1 : l-dinitro-^-toluenesulphon-2~naphthalide (1-7 g.) crystallised out; after removal, it was washed with 
glacial acetic acid and ether, and dried . It crystallised from glacial acetic acid in bright yellow rectangular 
plates, m. p. 165 — 166° (l^'ound : N, 11*0. CiyHijOgNaS requires N, 10-8%). On hydrolysis by dis- 
solution (1 g.) in sulphuric acid (10 c.c., d 1-84) and heating for 5 minutes at 40®, 1 : 7-dinitro- 2-naphthyl- 
amine was obtained and precipitated by pouring the mixture on ice, with subsequent treatment as above. 
Alternatively, the 1 : 7-dinitro-^-toluenesulphon-2-naphthalide was converted directly into 1 : 7-dinitro- 
naphthalene by the Hodgson and Birtwell procedure {loc. cit.), but diazotisation had to be carried out 
carefully since hydrolysis and diazotisation followed rapidly. 

Coupling with Diazo-compounds. — To a solution of the naphthylamine (0 01 g.-mol.) in ethanol 
(400 c.c.) containing sufficient sodium acetate for the replacement by acetic acid of all mineral acid 
involved, was added an aqueous solution of the diazonium salt (chloride or sulphate, 0*01 g.-mol.), 
prepared from j^-nitroaniline, ^-chloroaniline, or ^-toluidine, from which free nitrous acid had been 
removed by urea. The mixture was stirred for 1 hour, and the azo-dye filtered off, washed with cold 
ethanol (60 c.c.) and hot water, dried, and crystallised from nitrobenzene (charcoal). All the azo-dyes 
now described were moderately soluble in boiling acetic anhydride or boiling glacial acetic acid, and 
resisted acetylation thereby even at 100 ° ; they were only slightly soluble in boiling toluene or ethanol. 
The sequence of colours produced by concentrated sulphuric acid and subsequent dilution with water 
are recorded immediately after the m. p. The large amount of ethanol used for the couplings is necessary 
to prevent uncoupled amine from separating with the azo-dye. 

^~Nitro-p-nitrobenzeneazo-2-naphthylamine formed micro-needles, m. p. 304® (sintered at 290° ; blood- 
red, salmon-pink, brownish-red precipitate) (Found: N, 21-1. requires N, 20-8%). 

6-Nitro-l-p-chlorobenzeneazo-2-naphthylamine formed orange-red micro-needles, m. p. 261° (sintered 
at 245°; magenta, red to yellow-brown) (Found : N, 17-4. CjeHii 02 N 4 Cl requires N, 17T6%). 6‘Nitro- 
\-p-tolylazo-2-naphthylaminefoTmed orange red micro-plates, m. p. 234° (mauve, magenta, reddish-brown, 
orange) (Found : N, 18-6. C 17 H 14 O 2 N 4 requires N, 18-3%). l~Nitro-l-p-chlorobenzeneazo-2-naphthyl- 
amine formed felted scarlet needles, m. p. 199° (magenta, purple, brown precipitate) (Found : N, 17-4. 
Ci 4 H^iOaN 4 Cl requires N, 17T6%). l~Nitro-\-p-nitYobenzeneazo-2-naphthylamine formed very dark red 
almo.st black needles, m. p. 265 — 266° (crimson, reddish-blue) (Found : N, 21*1. CiuHhOaNr requires 
N. 20-8%). 

Oxidation of Azo-dyes to Triazoles. — The dye (0*5 g.) was dissolved in boiling glacial acetic acid (30 c.c.), 
and a solution of chromium trioxide ( 0-6 g.) in water (1 c.c.) was added with caution to the stirred boiling 
mixture; the red colour disappeared, to be replaced by a white precipitate. On cooling and dilution 
with water, the triazole separated ; it was filtered off, washed with hot water until the filtrate was colour 
less, dried at 100 °, and recrystallised from hot nitrobenzene. 

<d-Nitro-\ : 2-naphtho-p-nitvophenyltriazole crystalhsed in flesh-coloured micro-plates, m. p. 288° 
(Found : N, 21-3. CieH 904 N 5 requires N, 20*9%). 1-Nitro-l : 2-naphtho-p-nitrophenyltriazole crystal- 
lised in flesh-coloured plates, m. p. 311 — 312° (sintered at 300°) (Found ; N, 21*3. CisHoO^Nn requires 
N. 20*9%). ^ 

Reactions of 6- and l-Nitro-l-p-nitrobenzeneazo-2-naphthylamines with Sodium Nitrite in Glacial Acetic 
Acid. — (a) The 6 -nitro-compound (1*0 g.) was dissolved in hot glacial acetic acid (350 c.c.) at 70°, and 
treated portionwise with finely powdered sodium nitrite (1 g.) ; nitrogen was briskly evolved, and, when 
the evolution had ceased, the solution was raised to the boil for 15 minutes. On cooling, no separation 
occurred, so water was added to precipitate the reaction product which was a mixture of difficultly 
separable 6 -nitro-l-^-nitrobenzeneazo- 2 -naphthol and its acetate. When the precipitate (0*25 g.) 
was refluxed with ethanol (50 c.c.) containing hydrochloric acid (2 c.c., d 1*18) for 30 minutes, complete 
hydrolysis occurred, and the Q-nitro-l-p-nitrobenzeneazo-2-naphthol separated on cooling and was removed, 
washed, and dried ; it crystallised from boiling glacial acetic acid in pillar-box red microcrystals, m. p! 
314° (sintered at 305°; reddish salmon pink, orange-red) (Found : N, 16*7. CjeHio 06 N 4 requires N, 
16*6%), which were only slightly soluble in hot glacial acetic acid, almost insoluble in boiling ethanol, and 
readily soluble in boiling nitrobenzene. Alternatively, the dye (0*6 g.) was added gradually to a solution 
of sodium nitrite (0*15 g.) in sulphuric acid (4 c.c., d 1*84) atO°, followed by the gradual addition of glacial 
acetic acid (6 c.c.) over 16 minutes below 20°. After a further 15 minutes icc chips were added and 
stirring maintained until evolution of nitrogen had ceased ; on dilution with water 6 -nitro - 1 -^-nitrobenzene- 
a 2 o- 2 -naphthol separated. 

(5) The 7-nitro-compound (1 g.) was dissolved in glacial acetic acid (200 c.c.), in which it is more 
soluble than the 6 -nitro-isomeride, and treated as above so far as the boiling operation, when on cooling 
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there separated l-nitfo-l-^p-niirob»ngen9aj[o^2'-naphthyl acetate, which cr^tallised from boiling acetic 
acidin orange red needles, m. p. 233® (red violet, orange) (Found N, 16*0. Cx8Hi80,N4re(juiresN, 14’'7%). 
l^Nitro-l-^p->nitrobenzeneazo-2~naphthol was obtained by hydrolysis as above, and crystallised from boiling 
nitrobenzene in red micro-crystals, m. p. 310® (decomp.) (Found : N, 16-7. CX4H10O6N4 requires N, 
16-6%). 

The authors are indebted to the Charles Brotherton Trust for a Research Scholarship (to E. R. W.)» 
to Imperial Chemical Industries Ltd., Dyestuffs Division, for gifts of chemicals, and to Mr. Frank Hobson 
for micro-analyses. 

Technical College, Huddersfield. [Received, October l^th, 1946.] 


200 . The Synthesis of Z-M ethyl and 3 : 5-Dimethyl 1-Arabinose. 

By E. L. Hirst, J. K. N. Jones, and (Miss) E. Williams. 

3-Methyl l-arabinose has been prepared from 5-/>-toluenesulphonyl 1 : 2-monoacetone 
/-arabinose. It forms a c^stalUne anilide and on oxidation gives 3-methyl l-arabonolacione, 
further characterised as its crystalline amide, Methylation of 3-methyl 1 : 2-monQacetone 
l-arabinose gives 3 ; 5-dimethyl 1 : 2-monoacetone \-arabinose which on hydrolysis yields the 
known 3 : 6-dimethyl /-arabinose (White, J. Amer. Chem. Soc., 1946, 68, 272) which on 
oxidation gives 3 : 6-dimethyl /-arabonolactone, characterised as the crystalline amide and 
phenylhydrazide . 


The araban associated with pectin is known to be of the branched chain type (Hirst and Jones, 
J,, 1939, 464) since the methylated derivative gave on hydrolysis three products, namely, 
2:3: 6-trimethyl /-arabofuranose, 2 : 3-dimethyl /-arabinose, and a monomethyl derivative 
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the identity of which was not conclusively established though on the balance of evidence the 
methyl group was assigned tentatively to the 3-position. This monomethyl arabinose gave on 
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oxidation a furano-lactone, and since the free sugar had the properties of a derivative of 
arabopyranose it must be either 2- or 3-methyl /-arabinose. The latter possibility was thought 
to be the correct one since the non-crystalline amide prepared from the crude lactone gave a 
positive Weerman reaction indicating the presence of an a-hydroxy-amide. The S 3 mthesis 
of 3-methyl /-arabinose was accordingly undertaken in order to provide material of known 
constitution for comparison with that obtained from araban. The starting material in this 
synthesis was methyl /-arabofuranoside (I) (Baker and Haworth, 1926, 366) which was 
converted into the syrupy 6-;;f)-toluenesulphonyl derivative (II) by reaction with the calculated 
quantity of />-toluenesulphonyl chloride in dry pyridine. The known 5-^-toluenesulphonyl 
1 : 2-monoacetone /-arabinose (III) [prepared previously from /-arabinose diethylmercaptal 
(Compton and Levene, J. Biol, Chem,, 1936, 116, 189)] was then prepared from (II) by reaction 
with acetone containing hydrogen chloride. Methylation of (III) with silver oxide and methyl 
iodide gave 5-'p-toluenesulphonyl Z-methyl 1 : 2‘monoacetone harabinose (IV) which on reductive 
alkaline hydrolysis (Compton and Levene, loc, cit.) gave ^-methyl 1 ; 2-monoacetone \-arabinose 
(V). On acidic hydrolysis this product was converted into syrupy 3-methyl l-arabinose (VI). 
This compound formed a crystalline anilide on heating with alcoholic aniline and a crystalline 
furanolactone (VII) on oxidation with bromine water. A crystalline amide (VIII) was produced 
on reaction of the lactone with liquid ammonia (cf. Jellinek and Upson, /. Amer, Chem, Soc„ 
1938, 60, 356). This amide depressed the melting point of 2-methyl /-arabonamide and gave a 
positive Weerman test indicating the presence of a hydroxyl group on C2. 

The monomethyl sugar isolated from the hydrolysis of peanut araban differs from 3-methyl 
/-arabinose and must therefore be 2-methyl /-arabinose. This has been subsequently confirmed 
by the synthesis of 2-methyl /-arabinose which was found to be identical with the monomethyl 
sugar isolated from methylated peanut araban (forthcoming publications). 

3-Methyl 1 : 2-monoacetone /-arabinose (V) on further methylation gave 3 : ^-dimethyl 1 : 2- 
monoacetone 1-arabinose (IX) which on hydrolysis gave 3 : 5-dimethyl /-arabinose (X) ; this on 
oxidation gave the corresponding furano-lactone (XI) which was smoothly converted into the 
a-hydroxy-amide (positive Weerman test) (XII) with liquid ammonia (cf. White, loc, cit,) and 
into the phenylhy dr azide on heating with alcoholic phenylhydrazine. 

Experimental. 

5-p~Toluenesulphonyl Methyl-l-arabofuranoside and 5-p-Toluenesulphonyl 1 : 2-Monoacetone 
\- Arabinose. — Methyl-/-arabofuranoside (31 g.) was dissolved in dry pyridine (250 c.c.) and ^-toluene- 
sulphonyl chloride (37 g,), dissolved in pyridine (50 c.c.), was added at 20°. Heat was evolved, and the 
solution was then left overnight (20 hours) . Next morning pyridine was removed under reduced pressure 
at 60°, and the syrupy residue dissolved in chloroform and the solution washed successively with 
N-sulphuric acid, saturated sodium hydrogen carbonate solution, and water. The chloroform extract 
[dried (NaaS 04 ) and filtered] was then concentrated under reduced pressure to the syrupy 6-^-toluene- 
sulphonyl methyl-/-arabofuranoside (36 g.) . The syrup (30 g.), without further purification, was dissolved 
in acetone (300 c.c.) containing dry hydrogen chloride (3 g.). After 70 hours the acetone solution was 
poured into excess of sodium hydrogen carbonate solution and the arabinose derivative extracted with 
chloroform. Concentration of the chloroform extracts [dried (NaaS 04 )J gave 5-p-toluenesulphonyl 
1 ; 2-monoacetone /-arabofuranose, m. p. 130°, after recrystallisation from acetone-ether (yield, 21 g.) 
(cf. Compton and Levene, loc. cit.). 

5-i^-Toluenesulphonyl 3-Methyl 1 : 2-Monoacetone \- Arabofuranose. — 5-/>-Toluenesulphonyl 
1 : 2-monoacetone /-arabofuranose (6 g.) was methylated by dissolution in methyl iodide (10 c.c.) and 
portionwise addition of silver oxide. The product, isolated in the usual manner, was recrystallised from 
acetone-light petroleum (b. p. 40 — 60°). The yield was quantitative, m. p. 101° (Found : C, 63-6; H 
61; OMe, 8-4; CieHa^O^S requires C, 53-6; H. 6-2; OMe, 8-7%). 

3-Methyl 1 ; 2-Monoacetone I- Arabofuranose. — 5-^>Toluenesulphonyl 1 : 2-monoacetone 3-methyl-/- 
arabofuranose (4 g.) was dissolved in methyl alcohol (50 c.c.) and water (20 c.c.), and sodium amalgam 
(40 g., 4%) added with stirring at 30° (cf. Compton and Levene, loc. cit.). The resultant monoacetone 
derivative was extracted with chloroform and the extracts were dried (MgS 04 ) and filtered. Removal 
of the solvent left crude 3-methyl 1 : 2-monoacetone l-arabinose (1*8 g.), 1*4565, which was purified by 

vacuum distillation; b. p. 120° (bath temp.)/2 mm., 1*4572 (Found : C, 52*8; H, 7*5; OMe, 15*6. 
CjHieOg requires C, 52*9; H, 7*8; OMe, 15*2%). 

3-Methyl l-Arabinose. — 3-Methyl 1 : 2-monoacetone /-arabofuranose (0*73 g.) was dissolved in 20% 
acetic acid (20 c.c.) and boiled for 3 hours ; [aJl? — 29° (initial value) ; -f- 95° (final value) . The 3-methyl 
arabinose was isolated as a syrup on concentration of the solution in a vacuum; La]f?‘ + 110° (c, 3*6 in 
water) (Found : OMe, 19*2. CeH^Og requires OMe, 18*9%). On being heated with alcoholic aniline 
(180 mg.) the sugar (111 mg.) gave a crystalline anilide (100 mg.), m. p. 117° after recrystallisation from 
alcohol (Found : C, 60*1; H, 7*3; N, 5*9; OMe, 12*6. CiaHi 704 N requires C, 60*2; H, 7*1; N 5*9* 
OMe, 13*0%). , ' ' 

No crystalline phenylhydrazone could be isolated. On oxidation of the sugar with bromine water 
under the usual conditions 3-methyl l-arabofuranolactone was isolated as a crystalline sohd (m. p. 71°) 
which was purified by sublimation in a vacuum, and then had m. p. 78° (constant value) ; [a]|>®* — 74° 
{c, 0*34 in water), no observable change in 24 hours (Found : C, 44*3; H, 6*7; OMe, 19*2; equiv., 162. 
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CeHjoOft requires C, 44*4; H, 6-2; OMe, 191%; eguiv., 162). With liquid ammonia the lactone gave 
Z*methyl l-arabonamide, m. p. 132°, after recrystallisation from alcohol-acetone (Found : C, 40*3; H, 
7-3; N, 7-5; OMc, 171. CeHjgOjN requires C, 40-2; H, 7*27; N, 7-8; OMe, 17*3%). This amide 
gave a positive Weorman test and depressed the m, p. of 2-methyi /-arabonaraide. 

3 : ^-Dimethyl Monoaceione \-Arahofuranose. — 3-Methyl monoacetone /-arabinose (0-8 g.) was 
methylated with Purdie's reagents and the product (0*8 g.), isolated in the usual manner, was distilled 
under reduced pressure ; b. p. 120° (bath temp.)/0-6 mm., 1*4420 (Found : OMe, 28*1. CioHigOj 
requires OMe, 28*4%). 

The above derivative (242 mg.) was boiled with 25% acetic acid (20 c.c.) for 3 hours ; [a]??* — 39°, 
unchanged on heating. The solution was concentrated under reduced pressure and the resultant 
3 ; 6-dimethyl /-arabofuranose purified by solution in acetone followed by filtration. The sugar had 
1*4600 (Found : OMe, 34*6. Calc, for C,Hi 405 : OMe, 34*8%). 

The sugar (200 mg.) was oxidised with bromine (1 c.c.) in water (6 c.c.) at 20° for 24 hours. Excess 
of bromine was removed by aeration and the last traces of bromine by passage of sulphur dioxide. The 
lactone was then removed from the aqueous solution by continuous extraction with chloroform. 
Concentration of the extracts gave crystalline 3 : 6-dimethyl /-arabonolactone, m. p. 73° (after 
sublimation in a vacuum), depressed to 60° on admixture with 2 : 5-dimethyl /-arabonolactone; [a]??’ 
— 83° {c, 0*12 in water), no observable change in 24 hours (Found : OMe, 33*9; equiv., 169. Calc, for 
CyHjgOj : OMe, 35*2% ; equiv., 176). With liquid ammonia the lactone gave the corresponding amide, 
m. p. 144° (depressed to 120° on admixture with 2 ; 5-dimethyl /-arabonamide), which gave a positive 
Wccrman reaction (Found: C, 43*8; H, 7*6; N, 7*0; OMe, 31*2. Calc, for C7Hig06N : C, 43*6; K, 
7*8; N. 7*25; OMe, 32*1%). 

The phenylhydrazide, m. p. 144° [depressed to 132° on admixture with the phenylhydrazide (m. p. 
163°) of 2 : 5-dimethyl /-arabonic acid], was prepared by heating the lactone with an alcoholic solution of 
phenylhydrazine. It was recrystallised from acetone-ether (Found : C, 64*6; H, 6*8; N, 9*8; OMe, 
21*6. CiaHgoOjNj requires C, 64*8; H, 7*0; N, 9*9; OMe, 21*8%). 

The authors thank Imperial Chemical Industries Ltd. for a grant. 

The University, Manchester. [Received, October 29/A, 1946.] 


201. The Constitution of Egg-plum Gum. Part I. 

By E. L. Hirst and J. K. N. Jones. 

The gum exuded on the bark of the egg-plum has been examined and shown to consist of 
/-arabinose (3 parts), d-xylose (1 part), d-galactose (3 parts), and d-glucuronic acid (1 part). 

The aldobionic acid which is present in the portion of the gum molecule more resistant to acidic 
hydrolysis is d-glucuronosido-6-d-galactose identical with the aldobionic acid component 
present in gum arabic. The oxidation of the gum with potassium periodate has been studied. 

In common with many other fruit trees of the family Rosacecs the egg or yellow Pershore plum 
tree forms a gum during the months of August and September. The gums from several other 
trees have already been examined (see Hirst and Jones, J., 1946, 606) and it was of interest to 
determine whether Pershore plum gum has a similar constitution. The gums obtained from 
exudation usually contain small amounts only of nitrogenous materials, which may be part of the 
enzyme system originally responsible for their synthesis (M. Stacey, private communication). 
They are salts of acidic polysaccharides, the acidity being due to the presence of d-glucuronic 
or d-galacturonic acids or of their methyl ethers. eZ-Galactose and /-arabinose appear to be 
invariable constituents, whilst (f-mannose, (/-xylose, and /-rhamnose have also been detected 
in some plant gums. 

Purified ash-free Pershore plum gum is a white powder soluble in water giving an acidic 
solution which does not reduce Fehling’s solution. So far as present evidence is available the gum 
so prepared appears to be a homogeneous substance, and attempts to extract from it by solvents 
fractions differing in elementary and physical properties have been unsuccessful. Gums obtained 
from several trees in the same area (Worcestershire) all have the same physical properties. The 
possibility remains, however, that the type of gum exuded by the tree may be dependent upon 
the type of stock on which the tree is grafted rather than upon the type of plum produced. 
Further work will be necessary before this can be settled. 

The analytical figures for uronic acid residues (14*7%) and furfuraldehyde (26*5%) were 
obtained by boiling the polysaccharide with 12% hydrochloric acid and determining the amounts 
of carbon dioxide and furfuraldehyde formed. From these results estimates can be made of the 
pentose and the uronic acid content of the gum. An aqueous acidic solution of the ash-free poly- 
saccharide undergoes graded hydrolysis on heating at 100°, the sugars obtained after hydrolysis 
consisting of a mixture of /-arabinose and d-xylose in the approximate proportion of 3 to 1. 
The remainder of the polysaccharide consists of d-galactose and d-glucuronic acid, since on 
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hydrolysis with N-sulphuric acid crystalline ^f-galactose is obtained together with an aldobionic 
acid having the structure ei-glucuronosido-(«-galactose (1:6 linkage) identical with the aldobionic 
acid in gum arabic. This structure, therefore, is an important feature in the mode of construction 
of the sugar residues in the repeating unit of the gum. It follows that Pershore plum gum 
resembles gum arabic, rather than damson or cherry gum (cf. Smith, 1940, 1035), and in 
common with many other gums so far examined it contains a repeating unit consisting of two 
molecules of galactose united to an aldobionic acid. It is to be remembered, however, that 
owing to the difficulty encountered in isolating the aldobionic acid component of the gum in 
quantitative yield the possibility remains that some aldobionic acid other than 1 : 6-^?-glucurono- 
sido-if-galactose may be a component of the gum molecule. Conclusive proof is furnished below, 
however, of the presence of 1 : 6-if-glucuronosido-t?-galactose as a part of the gum molecule. 

The proof of the structure of the aldobionic acid follows from the observation that on methyl- 
ation followed by hydrolysis of the methylated product (I), two products are obtained, namely, 
2:3: 4-trimethyl ^f-galactose (II), identified as its crystalline anilide and as the crystalline 
amide of 2:3 : 4- trimethyl ^f-galactonic acid (III), and 2:3: 4-trimethyl ^f-glucuronic acid 
(IV), identified as the methyl ester of 2 : 3 : 4-trimethyl ^f-saccharolactone (V). 

A quantitative estimation of the various sugars produced on hydrolysis of the original 
Pershore plum gum indicates that they were combined in the following proportions : i7-glucuronic 
acid (I part) ; £f-galactose (3 parts) ; /-arabinose (3 parts) ; t?-xylose (1 part). 


COoMe 



When the gum is oxidised with potassium periodate under mild conditions, designed to prevent 
over-oxidation (see Brown, Dunstan, Halsall, Hirst, and Jones, Nature, 1945, 156, 785) approxi- 
mately one mol. of formic acid is produced and five mols. of periodate are consumed per equivalent 
of approximately 1220. The resulting oxidised polysaccharide, on being boiled under standard 
conditions with 12% hydrochloric acid, gives furfuraldehyde (10*8%) in a much diminished 
yield. This proves that some of those sugar residues in the original unoxidised polysaccharide 
which yield furfuraldehyde on distillation wdth hydrochloric acid have been destroyed during the 
oxidation. Since under the conditions of oxidation there is no continual rise in formic acid litre 
followed by a subsequent liberation of iodine, the glucuronic acid residue is not an end group 
(see Brown, Dunstan, Halsall, Hirst, and Jones, loc. cit). 

The oxidised polysaccharide on hydrolysis gives some /-arabinose (estimated as its benzoyl- 
hydrazone), but xylose could not be detected (see Breddy and Jones, /., 1945, 738). The yields 
of ^/-galactose and /-arabinose indicated that at least 1*5 mols. of t/-galactose and 0*5 mol. of 
/-arabinose per equivalent of 1220 are not oxidised by the periodate and therefore cannot possess 
adjacent hydroxyl groups in their combination in the gum molecule. 

An examination of the product isolated from the reaction between the gum and triphenyl- 
methyl chloride in pyridine shows that there are approximately four primary alcohol groups 
(Method of Linstedt, Arhiv Kemi, Min, Geol., 1945, 20 A, No. 13) per equivalent of 1220. 


Experimental. 

PurificaHon of Egg-plum Gum. — The gum, which resembled damson and cherry gums in properties, 
was punned by precipitation with alcohol from aqueous solutions to which hydrochloric acid had been 
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sulded (for further details see Hirst and Jones, 1988, 1177). The gum gave no wecipitate wth 
calcium or copper salts but gave a white precipitate on addition of a large excess of thallium hydroxide. 
It was unaffected by takadiastase and pectinase at pH 7 at 36®. Two samples were prepared : {A) from 
gum collected from several different trees in two orchards, (B) from gum collected off one tree (see 
Table). 

Gumil. Gum B. 


WS** 2*4 as the sodium salt in water) —27® —25® 

Equiv. (by titration with O lN-sodium hydroxide) 1228 1216 

Furfuraldehycle 26% 26% 

Uronic anhydride — 14*7% 

Galactan (from mucic acid determinations) 43% 44% 


The samples from different trees are therefore substantially the same. The purified gum had a small 
iodine number (1*0 g. required 2*5 c.c, of 0*lN-iodine). [Found (crude gum) : OMe, trace; N, nil.] 
The purified gum had a small methoxyl content (2*0%), probably owing to esterification during the purific- 
ation process. Furfuraldehyde and uronic anhydride were determined after treatment of the purified 
polysaccharide with boiling 12% hydrochloric acid (Found: furfuraldehyde, 26*6; uronic anhydride 
or 2-ketohexonic acid, 14*7%). Methylpentose appears to be absent. [A substance yielding 14*7% 
of uronic anhydride or 2-ketohexonic acid and containing no other acidic residues should have an equivalent 
of 1197. Found by titration of the gum with alkali : equiv., 1222 (mean of two values).] This pro- 
portion of uronic anhydride accounts for 3*7% of the total furfuraldehyde, leaving 21*8% of furfural- 
dehyde contributed by the pentosan part of the polysaccharide, and since the greater part of the pentose 
present is /-arabinose (see below), the calculated anhydroarabinose content of the gum is approximately 
44% (Calc, for a polysaccharide containing four pentosan units per repeating unit of equivalent 1190, 
44*3%). Anhydrogaiactose (estimated after oxidation to mucic acid), 43%. 

Graded Hydrolysis of Egg-plum Gum. — (a) Egg-plum gum (50 g.) was heated with water (IJ 1.) at 
90 — 95°, the acidity of the solution being sufficient to bring about slow graded hydrolysis ; the reaction 
was followed by polarimetric and iodometric observations : [a]!?* —27° (initial value) ; —24° (40 mins.) ; 
-9° (3*1 hrs.) ; +32° (16*5 hrs.) ; +41® (22 hrs.) ; +47° (34 hrs.) ; +50° (60 hrs.). A much slower 
hydrolysis continued beyond this stage. The increase in iodine titre was followed by titration of portions 
of the solution with 0*lN-iodine by Baker and Hulton^s method [Biochem. /., 1920, 14, 764). Initial 
value (in c.c. 0*lN-iodine, calculated for 1 g. of gum) 2*6 c.c.; 6 c.c. (40 mins.); 16*6 c.c. (3*1 hrs.); 
64 c.c. (16*5 hrs.) ; 58 c.c. (22 hrs.) ; 66 c.c. (34 hrs.) ; 72*6 c.c. (50 hrs.). The solution was evaporated 
at 40°/12 mm. to 600 c.c. and poured into alcohol (1 J 1.) ; it then gave an alcohol-insoluble polysaccharide 
(A) (22*6 g.) which was washed with alcohol. 

(b) Reducing sugars obtained by graded hydrolysis. The filtrate from {A ) on concentration at 40°/ 1 2 mm. 

gave an acidic syrup which was dissolved in water, neutralised with barium carbonate, and filtered, and 
the filtrate poured into alcohol with stirring. The precipitated barium salt (B), which appeared to be 
the barium salt of the polysaccharide (A) which had escaped precipitation, was filtered off and 
the filtrate evaporated at 40°/ 12 mm, to a syrup which crystallised on standing. The crystalline 
solid (10*4 g.) was triturated with methyl alcohol and filtered off; it was identified as slightly impure 
/-arabinose, m. p. 154°; [a]|?* +96° {c, 3*8 in water; equilibrium value); diphenylhydrazone, m. p. 
194°. The filtrate from the crystalline solid on evaporation gave a synip (C) (15*2 g.) which had [a]|?* 
+ 38® and contained some oligosaccharide, since the iodine titre indicated the presence of only 9*3 g. 
of pentose. A furfuraldehyde determination indicated the presence of some 10*0 g. of pentose, whilst 
an arabinose estimation by means of diphenylhydrazine indicated the presence of approximately 6*0 g. 
of /-arabinose. Mucic acid was isolated after oxidation of a portion of the syrup with nitric acid, proving 
the presence of some 2*4 g. of galactose (free or combined). The syrup underwent further hydrolysis on 
heating with 0-6N-sulphuric acid for 1 hour. The optical rotation became constant at + 60° and the iodine 
titre on a portion of the solution {A ) showed that approximately 15 g. of reducing sugars were now present 
in solution. An estimation by means of diphenylhydrazine now showed the presence of 5*8 g. of 
/-arabinose, an increase of only 0*8 g. It can be inferred, therefore, that the oligosaccharide originally 
present contained <f-galactose and d-xylose since the increase in reducing power of the solution is not 
due to increase of /-arabinose content but to an increase of d-galactose and d-xylose. A portion 
of the solution (A) after hydrolysis was neutralised with barium carbonate and filtered, and the 
filtrate evaporated to a syrup. /-Arabinose was removed from this syrup as its diphenylhydrazone, 
and the non-crystalline diphenylhydrazones remaining were then decomposed by warming with form 
aldehyde solution in the presence of acetic acid. The mixture was exhaustively extracted with ether and 
the aqueous solution evaporz^ted to a syrup. [A portion of this gave the characteristic crystalline 
derivative of xylose, m. p. 210°, with a methyl alcoholic solution of benzaldehyde (see Breddy and 
Jones, 1946, 738).] The syrup was boiled for 4 hours with 4% methyl alcohoUc hydrogen chloride, 
and the solution was then neutralised with silver carbonate, filtered, and evaporated to a syrup which 
was methylated first by the thallium method (Menzies, 1926, 937), and then with Purdie’s reagents. 
The methylated sugars (4*0 g.) were distilled in a vacuum and gave a fraction (3*6 g.), b. p. 100° (bath 
temp.)/0*l mm. ; 1*4438; [a]g^ +63® in water. This fraction was hydrolysed with N-hydrochloric 

acid (60 c.c.) on the boiling water-bath, [o]!?* fell from +63® to +44®. The free sugars were worked up 
in the usual manner and distilled in a vacuum ; the distillate then crystallised. 2:3: 4-Trimethyl 
d-xylose wras recognised by its m. p. and mixed m. p, 91®, after recrystallisation from ether. The non- 
crystalline sugars gave some tetramethyl galactose anilide on heating with alcoholic aniline. This result, 
taken in conjunction with reducing values, furfuraldehyde yields, rotational values, and yield of /-arabinose 
diphenylhydrazone, indicates that the sugars produced on autohydrolysis consist of /-arabinose and 
(i-xylose in the approximate proportion of three to one and that a small amount of galactose is also 
produced during the hydrolysis. A polysaccharide of equivalent weight 1222 and containing this amount 
of arabinose would yield 36*8% of arabinose on hydrolysis (Found : arabinose content, 32*4%). 

(c) Examination of the barium salt (B). The barium salt (B) (10*4 g.) was obtained as a white powder 
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easily soluble in water, giving a yellow neutral solution, -|-4° (c, 3’3 in water) . OMe, 3 0% (probably 

derived from adsorbed alcohol). It contained 11% of barium, gave 8-3% of furfuraldehyde on boiling 
with 12% hydrochloric acid, and on oxidation gave mucic acid equivalent to the presence of 60% of 
galactan. It was slightly reducing to Fehling's solution and reduced alkaline iodine (1 g. required 
40*6 c.c. of 0*lN-iodine). On being heated with N-sulphuric acid for 3i hours the barium salt underwent 
hydrol 3 rsis with an increase in iodine titre; initial value (in c.c. of 0*lN-iodine per 1 g. of barium salt) 
41 c.c. : 68 c.c. (IJ hrs.) ; 66*4 c.c. (2 hrs.) ; 70*7 c.c. (3 hrs.) ; 74-4 c.c. (3J hrs., constant value). The 
change in rotation was not observable owing to the colour of the solution. The solution was neutralised 
with barium carbonate, filtered, and evaporated to a syrup, which was extracted with methyl alcohol. 
Concentration of the extracts gave a syrup which soon crystallised. Trituration with alcohol gave 
crystalline d-galactose, [a]??' +78® in water, m. p. and mixed m. p. 164®, in 42% yield calculated on the 
weight of the syrup isolated. (6*66 G. of barium salt gave 2*7 g. of syrup.) The non-crystalline 
barium-free residue showed [a]??* +45® (c, 1*22 in water) and was 60% galactose (calc, on the yield of 
mucic acid obtained after oxidation with nitric acid under standard conditions) . Mannose appeared 
to be absent since no mannose phenylhydrazone could be isolated after treatment of a portion of the 
non-crystalline syrup with phenylhydrazine solution. The remaining sugar was not identified but may 
have been ff-xylose. The above figures show that hydrolysis of the barium salt with N-acid produced 
29% of d-galactose calculated on the weight of the original barium salt. 

The barium salt (3*40 g.) remaining after methyl alcoholic extraction was obtained as a white powder, 
very soluble in water, giving a yellow solution which reduced Fehling's solution vigorously on boiling. 

1 G. of barium salt reduced 39 c.c. of 0*lN-iodine; this is equivalent to a molecular weight of 512. The 
solution [showed [a]!?* +4° (c, TO in water) (Found: OMe, 3*0%, but this value is probably not 
significant). The barium content of the salt was 15*7%, and on oxidation with nitric acid, mucic acid 
was produced, in amount showing the presence of some 40% of galactose residues (Calc, for the barium 
salt of an aldobionic acid ; Ba, 16*2 ; galactose residues, 42%) . 

(d) Polysaccharide (A). This material (22*5 g.) was obtained as a white powder, easily soluble in 
water giving a brown solution with an acidic reaction to Congo-red. On boiling it with 12% hydro- 
chloric acid, furfuraldehyde (8*1%) and carbon dioxide (equivalent to the presence of 26*0% of uronic 
anhydride) were evolved. [a]?J* +24° (in water, c, 0*7). The polysaccharide on being heated with 
nitric acid {d T2) gave mucic acid equivalent to the presence of some 50% of anhydrogalactose ; this 
figure is low owing to the difficulty experienced in hydrolysing polysaccharide {A) completely. The 
equivalent (by titration with 0*lN-sodium hydroxide) was 640 (Calc, for a repeating unit containing 
three hexose residues and a uronic acid residue, 662). On titration with alkaline iodine by the method 
of Bergmann and Machemer, 1 g. of polysaccharide (A) required 23 c.c. of 0*lN-iodine. 

Polysaccharide [A) (1*49 g.) underwent hydrolysis on heating at 90° with N-sulphuric acid (50 c.c.). 
[o]i?* changed from -|-28° (initial value) to +30° (3 hrs., constant value). The iodine titre (in c.c. of 
0*lN-iodine per g. of polysaccharide) was 23 c.c. (initial value) ; 47 (J hr.) ; 67 (1 hr.) ; 73 (2 hrs.) ; 
76 (3 hrs.). The cooled solution was neutralised with barium carbonate, filtered, and evaporated to 
dryness, and the residue exhaustively extracted with alcohol. Concentration of the extracts gave crystal- 
line d-galactose (0*4 g.), m. p. 164°, [a]f5** +80° (c, 1*3 in water). The residual barium salt showed 
±0° (c, 2*0 in water). On oxidation with nitric acid {d T2) it gave mucic acid equivalent to the 
presence of some 50% of anhydrogalactose, and contained l6*3%of barium (Calc, for a barium aldobionate : 
Ba, 16*2%). 

The barium salt of the aldobionic acid from polysaccharide {A) underwent further hydrolysis with 
much decomposition on being heated at 95° with 4N-sulphuric acid for 24 hours. From the solution, 
after neutralisation with barium carbonate and filtration, d-galactose was obtained in crystals, m. p. 
163°, [a]|J* +77° {c, 1*1, in water), and as its phenylmethylhydrazone, m. p. 190°. The barium salt of 
the uronic acid was identified as barium glucuronate (see below) . The total percentage yields of rf-galac- 
tose and barium glucuronateisolated were small, but the proof of the presence of these two compounds 
combined as an aldobionic acid is furnished by a study of the hydrolysis products of the methylated 
aldobionic acid. 

Methyl heptamethyl aldobionate. The barium salt of the aldobionic acid (3*3 g.) was dissolved in water 
and the barium precipitated as sulphate by the addition of the calculated quantity of 0* iN-sulphuric 
acid. The solution was filtered, and the filtrate evaporated to a syrup which was simultaneously 
esterified and converted into the glycoside by boiling with 2% methyl alcoholic hydrogen chloride for 
20 hours. This time of esterification was too long, since much hydrolysis to monosaccharides had taken 
place. The solution was neutralised with silver carbonate, filtered, and evaporated to a syrup which 
was methylated by means of thallium hydroxide and methyl iodide in the usual manner (for details, 
see Hirst and Jones, loc. cit.). The methylated material was extracted with acetone, the solvent boiled 
off, and the residual syrup (2*85 g., T4645) distilled in a vacuum giving : 

Fraction I (2*0 g.). Mainly monosaccharides, b. p. 130° (bath temp.)/0*001 mm. ; T4495. 

Fraction II (0*69 g.). Methyl heptamethyl aldobionate, b. p. 180° (bath temp.)/0*001 mm.; 

1*4680 ; [a]?f +40° (c, 1*3 in water) (Found : OMe, 51*3 ; equiv., 470. Calc, for : OMe, 63*0% ; 

equiv, 468) . 

The methyl heptamethyl aldobionate (Fraction II) (0*67 g.) was hydrolysed by boiling it with 
2N-hydrochloric acid (60 c.c.) for 10 hours. The rotation ([a]f?*) rose from +40° to +46° in 3 hours, 
after which the solution became too dark for polarimetric observation. The cooled solution was neutral- 
ised with silver carbonate and filtered before and after the passage of hydrogen sulphide. The solution 
was then neutralised with barium carbonate and filtered, and the filtrate evaporated to a syrup which 
was exhaustively extracted with ether. The extracts on concentration gave a syrup {0*27 g. ; 

+66° (c, T97 in water) ; OMe, 41%} which was mainly 2:3: 4- trimethyl ti-galactose, since after heating 
a portion of it with alcoholic aniline, the characteristic 2:3: 4-trimethyl <f-galactose anilide, m. p. and 
mixed m. p. 169°, was isolated. The rotation of the isolated sugar is low, probably because of contamin- 
ation with a little 2:3: 6-trimethyl (^-galactose due to methyl furanoside formation on boiling the aldo- 
bionic acid with methyl alcoholic hydrogen chloride (cf. Challinor, Haworth, and Hirst, loc. cit.). The 
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sugar on oTcidation with bromine water gave a lactone, -f95® in water (initial value), which with 
liquid ammonia gave 2:3: 4-trimethyl <?-galactonamide, m. p. and mixed m. p. 165®. 

The barium salt remaining after ether extraction was dissolved in water and barium removed as 
sulphate. The trimethyl J-glucuronic acid remaining in solution was oxidised with bromine water and 
the 2:3: 4-trimethyl d-saccharic acid isolated in the usual manner and esterified with methyl alcoholic 
hydrogen chloride, and the dimethyl ester distilled in a vacuum; b. p. 120® (bath temp.)/0*01 mm. 
The distillate crystallised on standing. After separation on a tile, the methyl ester of 2 : 3 : 4-trimethyl 
d-saccharolactonc was obtained, m. p. 110® not depressed on admixture with an authentic sample. 
This aidobionic acid was therefore «f-glucuronosido-l : 6-d-galactose. 

Oxidation of the Gum with Potassium Periodate. — (a) The neutral gum (0*25 g.) was dissolved in water 
(260 c.c.) containing potassium chloride (1 g.) and sodium periodate (20 c.c. ; 0-3m) and shaken for 
10 days at 15®. Portions (10 c.c.) were taken out at intervals, ethylene glycol was added to destroy 
excess of periodate, and the formic acid was titrated with O-OlN-barium hydroxide [Titre : 0*65 c.c. 
(24 hrs.) ; 0*85 c.c. (72 hrs.) ; 0-9 c.c. (96 hrs.) ; 0*9 c.c. (192 hrs. constant)]. 

(h) The gum (1*399 g.) was dissolved in water (260 c.c.) containing potassium chloride (5 g.) and shaken 
for 8 days at 17® with sodium periodate (50 c.c. ; 0*236m). At the end of this time titration showed that 
periodate equivalent to 125*0 c.c. of 0*lN-arsenite had been used in oxidising the gum. 

In a similar experiment the gum (0*504 g.) required for oxidation periodate equivalent to 47*0 c.c. 
of 0*lN-arsenite. If, as indicated above, the gum contains four mols. of pentose, three mols. of hexose 
and one mol. of uronic acid per repeating unit of equivalent 1190, these figures show that an average of 
1*07 mol. of formic acid is produced and an average of 5*2 mols. of periodate are consumed per repeating 
unit. 

(c) The gum (0*5 g.) was oxidised in the usual manner for 200 hours. The solution was then cooled 
to 0® and filtered from potassium periodate. Slight excess of a solution of barium chloride was then 
added, and the precipitated barium iodate and periodate filtered off. The last traces of periodate and 
iodate were destroyed by bubbling sulphur dioxide through the filtrate which was then concentrated in 
a vacuum to a dry solid. A furfuraldehyde determination was then carried out in the usual manner. 

In a second experiment the gum (0*5 g.) was oxidised as described above and the salts were then 
removed by dialysis [Found : Furfuraldehyde, 10*0 and 11*6. Calc, (for the loss of two pentose units 
and one uronic acid unit by periodate oxidation), 10*9; (for the loss of two pentose units only), 14*6%]. 

Hydrolysis of the oxidised gum. The oxidised gum (2*864 g. ; see above for preparation) was hydrolysed 
by boiling with N-sulphuric acid (50 c.c.) for 48 hours. Since the solution became very dark and since 
the polysaccharide did not completely dissolve it was not possible to tell when the hydrolysis was com- 
pleted. Sulphuric acid was precipitated by the addition of barium hydroxide, and the solution, after 
filtration, was concentrated in a partial vacuum to a solid. This residue was extracted exhaustively with 
methanol, and the extracts were concentrated under diminished pressure, to a syruj) which was made up 
to 10 c.c. with water. 

A galactose estimation on the solution (4 c.c.) gave 387 mg. of phenylmethylhydrazone, m. p. 186®. 
This is equivalent to approximately 1*6 mols. of galactose (per repeating unit of equiv. 1220) in the oxidised 
gum. 

An arabinose estimation on the solution (2 c.c.) gave /-arabinose benzoylhydrazone (20 mg.), m. p. 180® 
(decomp.), equivalent to 33 rag. of /-arabino.se, corresponding to 0*6 mol. of /-arabinose residues (per 
repeating unit of equiv. 1200) in the oxidised gum. This value is certainly low owing to the conversion 
of^ arabinose into furfuraldehyde during the hydrolysis, and the true figure is probably nearer one 
mol. 

No xylose could be detected (as the dibenzylidene dimethyl acetal, Breddy and Jones, 1946, 738). 

Estimation of ™CH 2 *OH Groups in the Gum. (Method of Lindstedt, Arkiv Kemi, Min. Geol., 1945, 
20.4 , No. 13.) — The gum (1*65 g.) was suspended in pyridine (30 c.c.) and triphenylmethyl chloride (5 g.) 
added, and the mixture heated on a water-bath at 100® for 12 hours. The mixture was then poured 
into cold water (200 c.c.) and the product filtered off and washed with alcohol and ether. The last traces 
of triphenylmethylcarbinol were removed by exhaustive extraction with alcohol and the product dried in a 
vacuum (yield 2*40 g.). 

This product was shaken with concentrated sulphuric acid (10 c.c.) for 12 hours. The resultant thick 
black solution was poured into water and the crude triphenylmethylcarbinol filtered off, washed with 
water and dilute ammonia, and weighed. The weight of pure trix>honylmethylcarbinol was then obtained 
by exhaustive extraction from the filtered solid with alcohol (Found : 1*05 g. A polysaccharide contain- 
ing four primary alcohol groups i)er repeating unit of 1220 requires 1*04 g.). 

The University, Bristol. 

The University, M.anchester. [Received, October, 29M 1946.] 

202 . The Hydrogenation of Furfuraldehyde to Furfuryl Alcohol and 

Sylvan {2-Methylfuran). 

By John G. M. Bremner and Richard K. F. Keeys. 

Both sylvan and furfuryl alcohol are formed in the hydrogenation of furfuraldehyde in the 
vapour phase at atmospheric pressure with a copper catalyst. The alcohol is formed in the 
lower temperature range (^200®) and sylvan at intermediate temperatures ('^250®), At higher 
temperatures (^300®) furfuryl alcohol tends once more to be the main product, but operation 
under these conditions leads to a rapid decline in catalyst activity. A regular change from the 
predominance of sylvan to that of furfuryl alcohol occurs with an increase in the amount of 
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alkali added to the catalyst. The presence of chromium oxides, on the other hand, favours the 
formation of sylvan. A theory of hydrogenation is proposed to account for these effects. 

The hydrogenation of furfuraldehyde in the vapour phase at atmospheric pressure is reported 
to give sylvan (2-methylfuran) in excellent yield (Burnette, Iowa State Coll. J. Sci., 1944, 19, 9; 
Wilson, /., 1945, 61) but other workers find that furfuryl alcohol may be the main product 
(Ricard and Guinot, F.P. 639,756; U.S.P. 1,739,919; D.R.-P. 628,820; Lazier, U.S.P. 

2,077,422). Where this is so, an increased overall conversion of furfuraldehyde into sylvan may 
be obtained by the further passage of the alcohol over the catalyst or by working at a higher 
catalyst temperature : 

QHsO-CHO + Ha = C 4 H 30 -CH 2 - 0 H ; AH = - 18*5 kcals (1) 

C 4 H 30 -CH 0 + 2 H 2 = QHaO-CHg -f H 2 O; AH = - 34 kcals. ... (2) 

The present work aimed at a more detailed and systematic investigation of the catalytic 
hydrogenation of furfuraldehyde in the vapour phase. The emphasis was placed on those 
factors which determine the main product to be furfuryl alcohol or sylvan. The results obtained 
in this and related work are considered from the standpoint of a theory of catalysis involving the 
intermediate formation of radicals. 

Experimental. 

Furfuraldehyde. — The commercial material was distilled at 30 — 40 mm. The colourless distillate 
had 1T60, T626, b. p. 161 — 162°, and contained 0 003% of sulphur. 

Hydrogen. — Electrolytic cylinder gas was used containing about 0*001% of carbon monoxide. 

Catalysts. — Five different copper catalysts were used. 

Copper-aluminium alloy catalysts were prepared from chill castings. The casting was crushed to 
give J — J" diameter granules and then activated by treatment with 0*4% aqueous sodium hydroxide 
at 100° : this removes aluminium from the surface layers but leaves the granule size unchanged (cf. 
Bag and Egupov, Uspekki Khimii, 1946, 14 , No. 1, 56). In these catalysts both the original alloy com- 
position and the amount of aluminium extracted may be varied. The alloys examined contained 34, 55, 
and 62% of copper and the aluminium extracted varied from 5 to 35%. After activation, the granules 
were washed with water to remove alkali. The catalyst may be stored under water until required. 

Three copper-alumina catalysts were prepared. (A) Cu-AlgO^ was prepared by dehydrating alumina 
trihydrate to the monohydratc, moulding it into J" x J" cylinders, and then dehydrating it to y-Al^Oa 
by heating to 750°, The pellets were impregnated with copper nitrate to give 20% of Cu calculated 
on AI2O3. (B) Cu-AlgOg was prepared by impregnating the commercial activated alumina supplied by 
the Aluminium Ore Company of America with copper nitrate to give a 20% copper content. (C) 
Cu-AlgOa was a co-precipitated catalyst formed by addition of sodium carbonate to the mixed metal 
nitrates. The precipitate, after being washed, was heated to 350°, and then made into cylindrical 
pellets as above. 

A copper chromite catalyst, magnesium promoted, was prepared in similar fashion to that described 
by Adkins, Connor, and Folkers (/. Amer. Chem. Soc., 1932, 64 , 1138). The Cu : Cr : Mg atom ratio in 
this catalyst was 1 : 1*05 : 0*04. The catalyst was used in the form of X -ft-" pellets. 

The copper-alumina and coi)per-chromitc catalysts were reduced by hydrogen before use. Care 
was taken in this operation not to exceed 400°, the maximum reduction temperature normally being 
350°. 

The pelleted catalysts may be modified by impregnation with soluble salts. This is readily accom- 
plished by adding to the pellets a volume of aqueous solution such that complete absorption occurs. 

Apparatus. — Experiments were carried out in a continuous manner by passage of furfuraldehyde 
vapour and hydrogen downwards through the catalyst mass. Two types of apparatus were used, in both 
of which the catalyst tube was vertical. In one, the catalyst, supported on silica granules, was contained 
in a “ Pyrex " glass tube (42" x IJ") (Fig. 1). The space above the catalyst was packed with silica 
granules, and acted as a vaporising and pre-heating zone. The temperature through the contact material 
was measured by a movable iron-constantan thermocouple held in a glass sheath disposed axially down 
the tube. The catalyst volume was normally 200 ml. The catalyst tube was surrounded by an iron 
tube heated by three electrical windings independently controlled. In the absence of a pronounced heat 
of reaction, this arrangement enables a uniform temperature to be maintained throughout the catalyst 
mass. This apparatus will subsequently be referred to as the “ standard one. 

The other apparatus comprised a " Staybrite" metal catalyst tube (46" x 1") to which was welded 
a metal jacket (Fig. 2). The catalyst arrangement was as in the glass tube but with the thermocouple 
sheath of " Staybrite " metal. The jacket was filled with liquid of b. p. suitable to maintain the reaction 
temperature. The vapour arising from the boiling liquid was condensed and returned. The liquid 
was heated to the b. p. by electrical windings on the exterior of the jacket. In exothermic reactions the 
heat evolved is removed by vaporisation of the surrounding liquid. The exterior surface of the catalyst 
tube is, in this way, held at a constant temperature regardless of the thermal nature of the reaction. 
This apparatus will subsequently be referred to as the " jacketed " type. 

For both catalyst tube arrangements, furfuraldehyde was fed from a calibrated vessel by displace- 
ment with hydrogen evolved electrolytically. Hydrogen was admitted to the tube through an integrating 
rotary gas-meter capable of measuring rates up to about 100 l./hr. The products from the catalyst tube 
passed through a water-cooled double-surface condenser to a glass receiver. Unreacted hydrogen was 
passed through two receivers immersed in ice and water and two receivers immersed in solid carbon 
dioxide-methanol. Material entrained by the gas was recovered in these receivers. The volume of 
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amine hydrochloride liberating approximately 1 mol. of hydrochloric acid per mol. of alcohol. This 
effect is presumably due to a ring opening reaction (Pummerer, Btr., 1923, 999). Although both 

furfuraldehyde (Hughes and Acree, Ind. Eng. Ckem. Anal., 1934, 6, 123; Cereal Chem., 1941, 18, 672) 
and furfuryl alcohol may react with bromine, the use of pyridine sulphate bromide as reagent (Fitelson, 
J. Assoc. Off. Agric. Chem., 1943, 86, 499; Wilson and Nisbet, Analyst, 1946, 71, 183) limits the attack 
almost completely to furfuryl alcohol. (A fuller description of these analytical methods will shortly be 
published.) 

In addition to the chemical analysis of a homogeneous product, both it and the heterogeneous one 
were fractionated in a column equivalent to about 20 theoretical plates. When 100® was reached, the 
distillation was continued at about 20 mm. to separate unreacted furfuraldehyde from furfuryl alcohol 
(Dunlop and Trimble, Ind. Eng. Chem., 1940, 38, 1000). Distillative analysis is not straightforward, 
for furan, sylvan (Pranishnikov and Genin, J. Appl. Chem. U.S.S.R., 1940, 13, 140), pentanone-2, 
pentanol-2, and furfuraldehyde all form azeotropes with water. As the water content of these azeotropes 
exceeds the water miscibility at room temperature the distillates separate into two layers (see Table I). 


Table I. 

Water azeotropes ; boiling point and composition. 


Water azeotrope. 

Compound. B. p. B. p. Water content (wt. %). 

Furan 32<^ 30-5° 12 

Sylvan 63 58 4-9 

Pentanone-2 102-3 82-9 13-5 

Pentanol-2 119-3 92-5 38-5 

Furfuraldehyde 162 98 64 

Furfuryl alcohol 171 


The low b. p.s of furan and sylvan make their complete recovery during distillation difficult unless 
cooled condensers and receivers are used. A loss of 5% of sylvan under normal distillation conditions 


Fig. 3. 



, Distillation of the product from the hydrogenation of furfuraldehyde. 

1, Sylvan-water azeotrope; II, Furfur aldehyde-water azeotrope; III, Furfuryl alcohol. 

readily occurs. When distilled, furfuraldehyde and furfuryl alcohol tend to polymerise, particularly 
where impregnated catalysts are used w^hich decompose to give acid vapours on heating. This effect 
was minimised by addition of sodium carbonate to the receiver in which the liquid products were collected. 
The results of a typical distillation are given in Fig. 3. 

It is clear that where a mixture of products is obtained a rigorous analysis is difficult. When either 
sylvan or furfuryl alcohol alone is formed the interpretation is greatly simplified. 

Results . — The terms pass conversion and yield are used to denote, respectively, the percentage of 
furfuraldehyde used in a single passage over the catalyst and the per cent, of the theoretical yield biased 
on the amount of furfuraldehyde converted. As some 100 — 160 g. of furfuraldehyde were used in a 
normal experiment, yields were calculated on the weight and analysis of product obtained so as to 
counteract the large effect that small weight losses would otherwise have. 

The small-scale experiments here described were, in part, the basis for the large-scale preparation 
of sylvan and furfuryl alcohol. The yields obtained equalled any now given. 

^ Space velocity refers to the volume of furfuraldehyde fed per unit bulk volume of catalyst space per 

There is frequently some ambiguity in published work on catalytic reactions as to the interpretation 
to be placed on the temperature measurements. Normally, only one temperature is given, although it is 
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evident that the catalyst is not being worked under isothermal conditions. In this work the reaction 
temperature given is the maximum or peak temperature of the catalyst averaged from recorded half- 
hourly readings during experiments oi a normal duration of 6 hours. In exothermic reactions the 
catalyst temperature rises rapidly at the beginning of tibe catalyst mass and then falls oif slowly to a steady 
value which we term the “ base " temperature. Typical temperature profiles measured longitudinally 
down the catalyst mass are given in B^ig. 4. Curve VI shows the peak temperature to be only a few degrees 
above the base temperature for the hydrogenation to furfuryl alcohol (AHjgs = — 18,600 cals.). The 
higher exothcrmicity accompanying sylvan formation — — 34,000 cals.) is evident from curve V, 


Fig. 4 



Catalyst temperature profiles for endothermic and exothermic reactions. 

Longitudinal profiles : IV, Dehydrogenation and dehydration of isopropanol : V, Hydrogenation of furfur- 
aldehyde to sylvan : VI, Hydrogenation of furfur aldehyde to furfuryl alcohol. 

Radial profiles : VII and VIII, Reactions as for V and VI. 

Fig. 4, in which the temperature increment is about 20'". The peak temperature is the important one 
from the standpoint of reaction rate, while the base temperature controls the pass conversion in those 
reactions which arc reversible under the conditions of the experiment. Reaction (1) is reversible in 
this sense, but not reaction (2) . In addition to the longitudinal temperature profile there is a correspond- 
ing radial gradient at right angles. The radial gradient is a maximum at the peak temperature and becomes 
almost zero in the region of the base temperature. The maximum radial gradients are shown alongside 
curves VI and V in Fig. 4. 

In an endothermic reaction the temperature falls at the beginning of the catalyst mass and rises slowly 
to the base temperature. This is shown in curve IV, Fig. 4. 

Discussion. 

(1) Equilibria in the Conversion of Furfuraldehyde into Furfuryl Alcohol and Sylvan. Only 

the scantiest of thermodynamic data are avaOable for furfuraldehyde and furfuryl alcohol, 
and none has been published for sylvan. Early work by Landrieu, Baylocq, and Johnson 
(Bull. Soc. chim., 1929, 45, 30) gives the heat of combustion of liquid furfuraldehyde and furfuryl 
alcohol. Miller (Iowa State Coll. J. Sci., 1936, 10, 91) gives the free energfy of formation of 
the liquids as —32 and —46*2 kcals., respectively, at 298° k. The latent heat of furfuraldehyde 
alone has been published (Crawford, Ind. Eng. Chem., 1940, 32, 1280). 

For the hydrogenation in the vapour phase of furfuraldehyde to furfuryl alcohol, we derive 
AHa ®98 = — 18*6 kcals. from the combustion data. In making this calculation we have taken the 
latent heat of the alcohol to be 1 kcal. greater than that of the aldehyde. From bond energies 
(Pauling, “ The Nature of the Chemical Bond,” 1939, Chaps. 2 & 4) we obtain =» 
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— 17*6 kcals. Both these values are higher than those given for similar reactions (Cubberley 
and Mueller, /. Amer. Ckem, Soc., 1946, 68, 1149). The resonance energy of sylvan being taken 
as 24*6 kcals. (Pauling, /. Amer, Chem, Soc., 1939, 61, 1778), the hydrogenation heat of furfur- 
aldehyde vapour to sylvan is found to be = — 34 kcals. 

The Nernst approximate theorem gives 98 and 60% pass conversion for reaction (1) at 0^ 
and 300®, respectively, but the use of five times the theoretical amount of hydrogen raises the 
conversion to 96% at 260® at 1 atm. 

The Nemst theorem applied to reaction (2) shows conversion to be substantially complete 
up to 300® at atmospheric pressure even with a stoicheiometric ratio of hydrogen. 

(2) The Effect of Catalyst Temperature on the Course of Hydrogenation. — Experiments carried 
out with copper-aluminium alloy catalysts (Table II) show the activity of the activated alloy 
to vary little with composition in the range 34 — 62% of copper (S.118, S.240, and S.244). 
The activity is, however, dependent on the amount of aluminium removed during the activation 
procedure. While it is very small for the original alloy (S.198), the removal of only 6% of 
aluminium (S.156) gives an active catalyst. Somewhat greater activity is apparent at higher 
extractions (S.118 and S.162), where, however, the copper surface tends to be removable by 
abrasion. A convenient extraction is 10 — 20% and, particularly with the lower value, a catalyst 
which has become inactive in use may be further extracted to restore the activity. When 
the activity declines owing to a deposition of carbonaceous material, a high activity results from 
treatment with air at about 400® followed by reduction with hydrogen (S.126). 

The results in Table II show sylvan to be the major product with the alloy catalyst operated 
in the region of 260° regardless of either the alloy composition or the amount of aluminium 
extracted. The treatment with air of a catalyst whose activity has declined in use, due to the 
deposition of carbonaceous material (S.124), leaves unaffected the formation of sylvan in high 
yield, as does the exposure of the catalyst to air before reaction (S.123). Although these 
changes in catalyst composition and treatment failed to affect the formation of sylvan, yet 
experiments conducted at temperatures below about 260° effected a marked change in the products 
of hydrogenation. At about 200® (S.270) furfuryl alcohol becomes the major product. Whilst 
this behaviour is not unexpected from previous work, it was surprising to find that at 300® (S. 124) 
the activity of the catalyst declined steadily during operation. Further, this decline in activity 
was accompanied by an increase in the yield of furfuryl alcohol and a decrease in that of sylvan. 
The activity of the catalyst could be completely restored by careful treatment with air at a 


Table II, 


Examination o/Cu-Al alloy catalysts* 


Initial 



alloy 

A1 

Liquid 


Molar 


com- 

re- 

space 


ratio. 

Expt. 

posn. 

moved, velocity 


Hg/alde- 

No. 

Cu, %. 

0 / 

/O' 

(hrs.-^). 

Temp. 

hyde. 

S.198 

55 

Nil 

0-22 

264° 

7-1 

S.165 

55 

5 

016 

253 

7-3 

S.118 

55 

20 

019 

248 

61 

S.162 

56 

35 

012 

243 

6-8 

S.240 

34 

20 

017 

254 

71 

S.244 

62 

20 

0-15 

255 

5-8 

S.124 

65 

20 

0-27 

300 

5-4 

S.270 

65 

20 

0-18 

193 

5-7 

S.123 

55 

20 

019 

249 

4-9 

S.126 

55 

20 

017 

250 

5-3 


Dur- 

ation 


Yield (%). 


of 

Pass 


Fur- 


expt. 

conv. 


furyl 

(hrs.). 

(%). 

Sylvan. 

alcohol. Remarks. 

10 

60 

60 

-10 

90*5 

97'6 

89 

88 

oj 

I A1 extraction 

I variable. 

6-25 

50 

6-5 

99 

91 

99*6 

88 

89 

84 

V 

oJ 

I Alloy composition 

I variable. 

6*25 

40 

27'6 

63 

42 

29 

461 
66 J 

\ Temp, variable. 

6-25 

91-8 

87 

8 

Catalyst exposed 





to air 30 hrs. 
before experi- 
ment. 

6*5 

98 

87 

5 

Cataly.st ex S.124 ; 





air-tn^ated at 
400°, reduced 
at 350 \ 


* The standard apparatus was used in all experiments except S.270, for which the jacket apparatus 
was used. 


maximum temperature of about 400®. The peak temperature reached during such treatment is 
important since the alloy containing 66% of copper melts at 690®. A catalyst which has been 
worked at such temperatures show5 obvious signs of fusion and is rendered permanently inactive. 
The effect of temperature on the relative yields of sylvan and furfuryl alcohol was also examined 
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with the three Cu-AljOg catalysts A, B, and C. The results are shown graphically in Fig. 6. 
The hydrogenations were carried out under similar conditions of space velocity and hydrogen ; 
furfuraldehyde ratio to those of Table 11. To facilitate the temperature control in the lower 
range around 200° the jacketed apparatus with decahydronaphthalene (b. p. 190°) as temper- 
ature-control liquid was used in these experiments. The results closely resemble those of the 
alloy catalyst. At around 250° sylvan is formed in high yield, but at 200° furfuryl alcohol 
is the major product. In the region of 300° fairly rapid catalyst deterioration occurs, and with it 
a change from sylvan to furfuryl alcohol as the major product. The effect of temperature on 
pass conversion is shown in Fig. 6. At 200° conversion is not quite complete at a space velocity 
of 0*27 hr.-^ (S.86) and falls from 80 to 48% (S.lOl) with an increase in space velocity to 0*66 hr.-^ 
showing catalyst activity to be the limiting factor. At 250° and the normal space velocity of 
about 0*2 hr.“\ conversion is practically complete. In the region of 300° the catalyst activity 


Fig. 5. 



7Vw variations in yield of sylvan and furfuryl alcohol with temperature. 


falls away progressively, so the pass conversion depends on the duration of the experiment. 
Catalysts which have deteriorated in this way may be restored in activity by treatment with air 
at about 400°, followed by reduction in hydrogen. 

The variation in the ratio of sylvan to furfuryl alcohol with temperature is very similar for 
both the alloy and copper-alumina catalysts. The behaviour of the copper chromite catalyst 
is qualitatively similar. It is, however, very much less sensitive to temperature variations with 
regard both to the relative yields of furfuryl alcohol and sylvan and to the onset of deterioration. 

The results for this catalyst, given in Table III, show sylvan to be the main product at both 
250° and 300°. Even around 200° sylvan is still formed in high yield. A significant increase 
in the yield of furfuryl alcohol was obtained only by working at even lower temperatures, achieved 
by substituting furfuraldehyde (b. p. 162°) in the jacket for decahydronaphthalene as temperature- 
control liquid. In the higher temperature range, the onset of catalyst deterioration with the 
accompanying formation of furfuryl alcohol occurred only at temperatures near 350°. The 
results given by the copper chromite catalyst are included in Fig. 6. 

(3) The Effect of Alkalising the Catalyst on the Ratio of Sylvan to Furfuryl Alcohol, — At temper- 
atures around 250° different preparations of alkali-precipitated copper catalysts gave sometimes 
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Table III. 


Examination of copper chromite catalyst,* 



Liquid 

space 

velocity 


Molar 

ratio 

Duration 

of 

Pass 

Yield, %. 


Expt. 

Temp. 

Ha/alde- 

expt. 

conv. 

Furfuryl 


No. 

(hr.-i). 

hyde. 

(hrs.). 

(%). 

Sylvan, alcohol. 

Remarks. 

S.272 

019 

178® 

6*8 

4-75 

97 

68 33 

Furfuraldehyde as control 








liquid. 

S.267 

0-22 

217 

4-8 

5-6 

92*7 

85 7 

Decahydronaphthalene as 








control. 

S.264 

019 

260 

7*8 

5*6 

99 

87 7 


S.276 

013 

301 

6-2 

4*5 

98 

87 5 


S.277 

017 

346 

4-6 

6-6 

48 

65 30 



* Jacketed tube apparatus used in first two experiments, and standard apparatus in last three. 


Fig. 6. 



furfuryl alcohol and sometimes sylvan as the main product. It was considered that this might 
arise from a variation in the extent of washing of the precipitate, an appreciable amount of alkali 
being left in the final catalyst in some cases. To test this view, alkali additions were made to a 
56% copper alloy catalyst. The results given in Table IV show the presence of alkali markedly 
to affect the course of the hydrogenation reaction. 

Simple immersion of the activated alloy in sodium carbonate solution gave on hydrogenation 
a mixture of sylvan and furfuryl alcohol, and an almost complete change in the course of the 
action was achieved only by immersion under reduced pressure, to remove occluded gases. As 
the amount of alkali added under these conditions is not readily assessed, the A type Cu-AlaOg 
was modified by successively increasing additions of sodium carbonate. This was accomplished 
by adding an alkaline solution of the requisite concentration to the pellets of volume such that 
complete absorption occurred, drying them, and then charging them into the catalyst tube. 
In this way catalysts containing 0*5, 2*5, 4, and 5% of NagCOj were prepared and examined 
at space velocities of about 0*2 hr.“^ and a temperature of about 250®. The results obtained 
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Table IV. 

Alkali addition to a copper alloy catalyst* 

Liquid Molar v]wo/\ 

space ratio Duration Pass 

Expt. velocity Hj(/alde- of expt. conv. Furfuryl Alkalisation 

No. (hr.~^). Temp. hyde. (hrs.). (%). Sylvan, alcohol. procedure. 

5.185 0 16 253° 7*0 6-5 98-2 88 2 Catalyst only slightly water 

washed after caustic ex- 
traction. 

5.186 0*20 254 5-8 6-5 96 32 58 Catalyst immersed in 5% 

aqueous NajjCOa 72 
hours at room temp. 

S,195 0T9 257 4*0 2-5 89 12 70 Catalyst immersed in boiling 

5% NagCOj under reduced 
pressure. 

* Standard type apparatus throughout. 

are shown graphically in Fig. 7. Successive additions of alkali change the product from one 
consisting almost solely of sylvan, to a mixture of sylvan and furfuryl alcohol. At the higher 


Fig. 7. 



The effect of alkali sing the catalyst on the yields of sylvan and furfuryl alcohol. 

alkali additions the alcohol is practically the sole product. That the formation of furfuryl 
alcohol in this way is due to a high degree of catalyst selectivity was shown by the passage of the 
alcohol over the catalyst. Sylvan was present in the product to the extent of only 4'8%. 

As with temperature variations, the copper chromite catalyst was much less sensitive to alkali 
addition than the alloy and copper-alumina type catalysts (see Table V). 

Table V. 

Alkali addition to a copper chromite catalyst.* 

Liquid Molar Duration ,, 

space ratio of Pass xield (%). 

Expt. velocity Ha/alde- expt. conv. Furfuryl 

No. (hr.-'). Temp. hyde. (hr.). (%). Sylvan, alcohol. Alkalisation. 

S.269 0 16 242® 6*9 4*75 98 79 7 5% Na^COj added to catalyst 

S.2.1 010 250 ,.0 05 ». 78 51 k ■ 

5.262 0-16 295 6-7 6 0 99 88 3 1 Na,CO, added by im- 

5.263 0 15 337 6-9 6 0 61-6 38 45] pregnation of peUets. 

5.279 0 18 262 6-6 6 0 99 66 23 20% Na.CO. 

5.280 0 19 265 6-8 6 0 98 47 44 40% Na,CO^ 

* Standard type apparatus. 
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The addition of 20% sodium carbonate gave some furfuryl alcohol in addition to sylvan. A 
striking transformation occurred during the experiment (S.280) in which the alkali content was 
increased to 40%. At the end of half the time projected for the experiment, during which 
sylvan was formed in excellent yield, a sudden change occurred and a homogeneous product 
was obtained containing 88*5% of furfuryl alcohol and 4*5% of furfuraldehyde. There is 
evidently a conditioning period for such a catalyst. 

(4) The Effect of the Presence of Carbon Monoxide in the Hydrogen on the Ratio of Sylvan to 
Furfuryl Alcohol. — It was found that the presence of 7*2% of carbon monoxide in the reacting 
hydrogen left unchanged the formation of sylvan in high yield with a copper alloy catalyst at 
260° and of furfuryl alcohol with an alkalised A type copper-alumina catalyst at 267°. These 
results are to be considered with the known strong adsorption of carbon monoxide on copper 
(Pease, J, Amer. Chem. See,, 1923, 45, 2290) and its prevention at super-atmospheric pressure 
of the hydrogenation of aldehydes to alcohols in the Roelen reaction (U.S.P. 2,327,066). We 
conclude that under appropriate conditions both furfuraldeh^^de and furfuryl alcohol are strongly 
adsorbed on the catalyst surface. 

(6) Furfuryl Alcohol as Intermediate in the Formation of Sylvan, — ^To show that furfuryl 
alcohol is an intermediate in the formation of sylvan it is necessary to work at incomplete con- 
version. The previous experiments show the alcohol to be formed in significant amount where 
conversion is incomplete owing either to a fall in catalyst activity with low operating temperature 
or to the incidence of catalyst deterioration at higher temperatures. Incomplete conversion may 
be achieved at the optimum temperature for the formation of sylvan either by using less than 
the stoicheiometric amount of hydrogen or by working at high space velocities. To investigate 
the former, a copper alloy catalyst was operated at 250® using hydrogen to furfuraldehyde 
molar ratios of 1*3 and 0*93 (Expt. Nos. S.273 and S.209). The pass conversions were 78% 
and 32%, respectively. While for the former the sylvan : furfuryl alcohol ratio was 2 .* 1, 
equal amounts of each were formed at the lower conversion. 

A pass conversion of 87% was obtained at 258° by working the copper alloy catalyst at the 
high space velocity of 1*16 hr.-^ (Expt. No. S.281). Under these conditions furfuryl alcohol 
constituted 26% of the product. This result is similar to that obtained by working with less 
than the stoicheiometric amount of hydrogen (Expt. No. S.273). 

The formation of furfuryl alcohol depends on the pass conversion in the manner to be 
expected of an intermediate product. Furthermore, the passage of the alcohol over the alloy 
catalyst gave sylvan in 86% yield (S.278). 

(6) Comparison of Furfuraldehyde with Acetone in Ease of Hy dr ogenoly sis, — Adkins recognises 
that carbonyl and hydroxymethyl groups are readily reducible to methylene and methyl groups 
only when attached to an aromatic nucleus (Gilman, “ Organic Chemistry, 2nd Edition, I, 
804, 820). This conclusion was based, in the main, on work carried out in the liquid phase at 
super-atmospheric pressure. That it also holds under the experimental conditions used in this 
work was demonstrated with acetone. Two experiments (S.164 and S,172) in which hydrogen 
and acetone were passed over a copper alloy catalyst at 249° and 246° gave liquid products which 
constituted 93*6 and 100% by weight of the acetone fed. isoPropanol and acetone dehydration 
products were present in the liquids. Evidently the extent of hydrogenolysis of acetone to 
propane is small. 

(7) Analysis of the Products of Hydrogenation of Furfuraldehyde, — Sylvan and furfuryl 
alcohol, prepared in the course of this work, were redistilled to give samples for analysis (see 


Property. 



B.p 

HgO content, % 


Material. 

Sylvan. Furfuryl alcohol. 

0 - 9168 1129 

1 - 4340 1-4846 

63 — 64 ® — 

0-1 0-43 


Table). The unsaturation of the alcohol was measured with the pyridine sulphate-bromine 
reagent (Found ; 304 g. bromine/ 100 g. Calc, for CgH^Oa : 326 g.). 

Small amounts of pentanone-2 formed in some of the experinionts were bulked together. 
The once-distilled material had 0*809; 1*393. It reacted with hydroxylamine hydro- 

chloride underpressure (Found : CO, 30*0. Calc, for CgHjoO : CO, 32*6%) (Smith and Bryant, 
J. Amer. Chem. Soc., 1936, 57, 67). 

(8) General Discussion of Results. — An interpretation of the results obtained in this work 
must account for liie following facts : {a) The ease with which the carbonyl group in furfur- 
4 a 
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aldehyde may be reduced to the methylene group, {b) The promotion of the formation of sylvan 
by chromium oxides and its suppression by the presence of alkali, (c) The probable formation 
of furfuryl alcohol as intermediate in the formation of sylvan, (d) The formation of furfuryl 
alcohol in the region of 200° and of sylvan at 250°. (e) The decline in catalyst activity when it is 

operated at temperatures of 300° or higher. 

Observations related to some of those given above have been mentioned in the literature. 
Reduction of the carbonyl and the nitro-group by chemical means gives products whose nature 
depends on the acidity or alkalinity of the medium. Acid conditions result in complete removal of 
oxygen to give metliylene and amino-groups. Reduction is less complete under alkaline con- 
ditions (Hickinbottom, Reactions of Organic Compounds/* Chaps. IV and VIII), thus 
qualitatively resembling item (5) above. 

In the catalytic field the use of alkalised catalysts has received frequent mention in reactions 
involving the hydroxyl and the amino-group. Where an alcohol is a product or reactant the 
former group may be removed by a process of dehydration (3) or hydrogenolysis (4) : 


R-CHa*CH,*OH = R-CHlCH^ + H^O . (3) 

R*OH + Ha = RH + HjO (4) 


The dehydrogenation of alcohols to aldehydes and ketones is accompanied by little olefin 
formation if alkalised catalysts are used (B.PP. 313,093, 318,124; U.S.PP. 1,895,628, 1,984,884). 
Conversely tlie yield of alcohol formed by hydrogenation of aldehydes or ketones is not decreased 
by dehydration if alkali is present (F.P. 671,706 ; U.S.P. 1,895,616). In addition to suppressing 
the dehydration of alcohols, addition of alkali can increase the rate of hydrogenation of alde- 
hydes and ketones to alcohols (Del^pine and Korean, Compt. rend., 1935, 201, 1301 ; Reasenberg, 
Lieber, and Smith, /. Amer. Chem. Soc., 1939, 61, 384) and of phenols to cyclohexsinols (Arm- 
strong and Hilditch, Proc. Roy. Soc., 1922, 102, A, 21; McLaren, ‘'Microfilm Abstracts,** 
University Microfilms, Ann Arbor, 1944, V, No. 2, 39). The hydrogenation of furfuraldehyde 
in the liquid phase at super-atmospheric pressure is of interest as the presence of alkali causes the 
reaction to go smoothly in stepwise fashion through furfuryl alcohol to tetrahydrofurfuryl alcohol 
(U.S.PP. 1,906,873, 2,082,026; and unpublished work). In the absence of alkali the hydrogen- 
ation rate is slow and the by-product formation large. 

The addition of alkali to the chromite catalyst used in the hydrogenation of carbon monoxide 
improves the yield of alcohols higher than methanol (Morgan, Hardy, and Proctor, J. Soc. Chem. 
Ind., 1932, 51, It). 

That the loss of a hydroxyl group by the mechanism of equation (4) may also be suppressed 
by the presence of alkali has been shown by Griffith {“ Contact Catalysis,** Oxford Univ. Press, 
1936, 69) in the case of phenol. 

The apparently unrelated observations by Wilson (/., 1945, 55, 61) that the copper chromite 
catalyst which hydrogenated furfuraldehyde to sylvan in good yield also catalysed the dehydr- 
ation of tetrahydrofurfuryl alcohol to dihydropyran do, in fact, show the similarity of the two 
reactions depicted by equations (3) and (4). In demonstrating this similarity we should 
compare the activity of the catalyst for the dehydration of furfuryl alcohol with its ability to 
hydrogenolyse this alcohol to sylvan. For simplicity we have, however, examined the behaviour 
of the catalysts used in this work with isopropanol. The extent of its dehydration to propylene 
(A// = 16,200 cals.) would be expected to be large with those catalysts that favour sylvan 
formation. The formation of acetone by dehydrogenation (Aif = 13,700 cals.) is to be expected 
with those catalysts that favour furfuryl alcohol formation. The results of these experiments 
carried out at 350° and a space velocity of 10 hr.~^ are given in Table VI. Only 10 c.c. of catalyst 
were used to give approximately isothermal conditions, and the high space velocity was chosen 
so as to give incomplete conversion. These conditions tend to minimise effects due to the 
different activation energies of the dehydration and dehydrogenation reactions. The amounts 
of acetone and propylene formed are expressed by pass yield, i.e., pass conversion x yield. 

The effect of alkalisation in suppressing the dehydration of isopropanol is evident from the 
results given in Table VI. The alkalised copper chromite catalyst, however, shows exceptional 
behaviour in that it suppresses the dehydration of isopropanol while catalysing the hydrogenolysis 
of furfuraldehyde. This observation is probably connected with the relative ease of dehydration 
of isopropanol and furfuryl alcohol, the former occurring the less readily (cf. Storch, /. Amer. 
Chem. Soc., 1936, 57, 1396). 

The use of alkali in the hydrogenation of compounds containing the amino-group includes 
the hydrogenation of nitrogen to ammonia (Larson and Brooks, Ind. Eng. Chem., 1926, 18 , 
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Furfur aldehyde to Furfuryl Alcohol, etc. 

Table VI. 

The catalysed dehydration and dehydrogenation of isopropanoL 

Product (pass yield, %). 


Exp. No. 

Catalyst. 

Acetone. 

Propylene. 

D.3 

A copper-alumina 

65-5 

20*1 

D.9 

do. 4 6% Na,C 03 

11-5 

1*6 

D.ll 

Copper chromite 

39*8 

18*8 

D.6 

do. 4 6% NajjCOj 

55*2 

1*8 

D.l 

Cu-Al alloy (20% A1 removed) 

66*5 

4*1 

D.7 

do. 4 NajCOj 

29*0 

1*7 


1306; Almquist and Crittenden, ibid., p. 1307; D.R.-P. 249,447; U.S.P. 1,667,322) and of 
aromatic amines to the alicyclic derivatives (Winans, Ind. Eng. Chem., 1940, 32, 1216; U.S.P. 
1,927,130). 

The rate of hydrogenation of nitrobenzene in the liquid phase is decreased by the presence 
of alkali (Reasenberg, Lieber, and Smith, J. Amer. Chem. Soc., 1939, 61, 384). 

With regard to (6), Baljassny (Ukrain. Akad. Nauk. Zapiski Inst. Khem., 1935, 2, 176) has 
found that, whereas acetophenone may be hydrogenated with a copper catalyst at 260°, the 
reaction stops completely at 284 — 289°. 

The intermediate formation of furfuryl alcohol, (c), is not in agreement with the theory 
advanced by Farkas and Farkas (/. Amer. Chem. Soc., 1939, 61, 1336) as a result of their work on 
the hydrogenation of acetone with a palladium catalyst at room temperature. 

(9) A Theory of Catalytic Action . — In formulating a theory of catalysis to account for the 
observations in this work we have made the following assumptions, (a) Heterogeneous reactions 
frequently involve the formation, as intermediates, of radicals or radical ions, (b) The radicals 
and radical ions possess the relative stability accorded them in homogeneous reactions, (c) The 
behaviour of the radicals will be the same in heterogeneous as in homogeneous reactions. 

It seems unnecessary under normal catalytic conditions to postulate the existence of radicals 
having an independent existence in the addition of hydrogen to a multiple bond (Vavon, Bull. 
Soc. chim., 1936, 3, 1021; Farkas, Trans. Faraday Soc., 1939, 35, 906). It is assumed that 
independent radicals exist where the addition or removal of a univalent atom or group is concerned 
as, e.g., where the addition of a hydrogen atom is required to complete the hydrogenation (cf. 
Ingold and Burton, /., 1929, 2022). Whether the fragment exists as a free radical (R), carbonium 
ion (R"^), or carbanion (R""), as shown in equations (6) and (6), will depend on the relative 
stability of these radicals as well as the ability of the catalyst represented by M to provide or 
remove electrons : 

R 4* M = R+ 4- M” (6) 

R 4 M- = R- 4 M (6) 

In this way we regard the catalyst as an electron donor or acceptor, i.e., as basic or acidic in 
the Lewis sense. Any additions to the catalyst which decrease the availability of electrons, i.e., 
its acidity, will make the existence of a carbonium ion less probable. Furthermore, an increase 
in temperature will aid the removal of electrons from the catalyst and tend to lead to the 
formation of carbanions. 

On this basis a series of reactions can be set up to represent the hydrogenation of furfuralde- 
hyde to sylvan and furfuryl alcohol. In the following equations we have used the symbol 
to represent the furyl radical in which the substituent is in the 2-position, and M to represent 


the catalyst. 

0-CHO 4 Ha 4 M = ^-CHa-OH 4 M (7) 

^•CHa-OH 4 H 4 M = ^-CHa 4 HaO 4 M (8) 

^•CHa 4 ^A-CHa-OH 4 M = 4 ^A-CHgO 4 M (9) 

0-CHO 4 H 


The primary step comprises the formation of furfuryl alcohol by simple addition of hydrogen 
as in equation (7). Reaction (8), which involves the loss of a hydroxyl group with the formation 
of a carbonium ion, we regard as an essential step in both dehydration and hydrogenolysis 
reactions (Hammett, ** Physical Organic Chemistry/* 1940, Chap. X). In the alkanol series 
this ion will be relatively unstable, and a breakdown to an olefin with loss of a hydrogen atom 
will readily occur. The furfuryl radical, however, will be stabilised by resonance and consequently 
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have a relatively long residence time on the catalyst, during which it will acquire a hydrogen 
atom to form sylvan. 

As is to be expected, hydrogenolysis of tetrahydrofurfuryl alcohol which is much less stabilised 
by resonance does not, in fact, give tetrahydrosylvan (unpublished work) . It seems probable that 
an appreciable proportion of the hydrogen required for this step is provided by adsorbed furfuryl 
alcohol molecules as represented by equation (9). A deficiency of hydrogen on a catalyst 
surface is probable in hydrogenations at atmospheric pressure, more especially where the 
reaction is carried out in the liquid phase. 

The hydrogen atoms of adsorbed alcohol molecules are known to exchange readily (Farkas, 
Tmns. Faraday Soc., 1937, 33, 678). The hydrogen-transfer reaction represented by equation 
(9) may most simply be regarded as involving a free furfuryl radical formed by the reverse of 
reaction (5) (Waters, 1946, 409; Hey, Nature, 1945, 156, 36). That the dehydration of 
furfuryl alcohol does, in fact, give sylvan and furfuraldehyde by a disproportionation reaction 
similar to (9) has been shown by Paul (BulL Soc. chim., 1935, 2, 2220) : 

2^-CH2-0H = + HjO (10) 

Reaction (8) involving an electron transfer is regarded as a rate-determining one. The 
presence of chromium oxides will confer greater oxidising power or electron-acceptor character- 
istics to the catalyst and consequently make reaction (8) more likely. Conversely, alkali will 
increase the electron-donor characteristics of the catalyst and reduce the rate of the carbonium- 
ion formation. In these circumstances the alcohol formed will tend to be desorbed from the 
catalyst. The increased rate at which carbonyl compounds are hydrogenated by alkali addition 
in the liquid phase may be due to the increased catalyst area made available in this way. 

The decreased effectiveness of alkali addition with copper chromite catalysts may be accounted 
for by the counterbalancing action of the chromium oxides. Conversely, we would expect the 
effects produced by alkalising a catalyst to be minimised by addition of chromium oxides. 
This prediction has, in fact, been demonstrated experimentally for the dehydration of etlianol 
with an alumina catalyst at 350®. The reduction in pass conversion arising from the presence of 
2% of sodium carbonate on the alumina is practically eliminated by the subsequent addition of 
2% of chromium sesquioxide. 

We account for the change in the main product from furfuryl alcohol to sylvan with rise in 
temperature by the rate-determining nature of reaction (8). The fall in activity observed by 
operating at even higher temperatures is due to the accumulation on the catalyst surface of 
non-volatile material of high molecular weight, presumably formed by the interaction of free 
radicals or ions with the furyl nucleus (Hammett, op. cit., pp. 307, 373; Hey, loo. cit.). Such 
condensation reactions are particularly evident where stabilisation of the intermediates by 
resonance is possible. Such an explanation may suitably account for the deterioration in catalyst 
activity obsen ed by Baljassny during his hydrogenation of acetophenone. 

It is hoped to publish an account of the implications of this theory to a wide variety of 
catalytic reactions. 

Some of the work described in this paper has formed the subject of patent applications. 

The authors wish to express their appreciation to Dr. K. B. Hutton, MissM, Allan, Dr. S. Beaumont, 
Dr. K. R. Coats, and especially Dr. D. G, Jones for their part in the early stages of this work. The 
preparation and examination of some of the catalysts used was carried out by Dr. P. W. Reynolds, 
Mr. D. M. Cirudgings, and Mr. J. A. Mackenzie. Many helpful discussions on theories of catalytic 
action were held with Mr. D. A. Dowden. 

Imperial Chemical Industries Ltd., Billingham Division, 

Research Department, Billingham, Co. Durham. [Received, November llth, 1946.] 


203 . The Preparation, Properties, and Chlorination Products of 

Carbon Disdenide. 

By D. J. G. Ives, R. W. Pittman, and W. Wardlaw. 

The action of methylene chloride vapour on heated selenium readily provides a good yield of 
carbon diselenide, which thus becomes accessible in considerable quantities for the first time. 
The vapour pressure of pure carbon diselenide has been measured over a range of temperatures 
and its behaviour with various reagents and solvents has been given preliminary study. It 
reacts vigorously with chlorine, giving a variety of products, of which selenium tetrachloride, 
perchloromethyUelenol, hexachlorodimethyl selenide and diselenide have been isolated and 
characterised. Attempts to prepare selenocarbonyl chloride have not been successful. 
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The only practical method hitherto available for the preparation of carbon diselenide depends 
on the interaction of hydrogen selenide with carbon tetrachloride in a hot tube (Grimm and 
Metzger, BeY,» 1936, 69 , 1366), but, contrary to the statement of these authors, this has been 
found to give an exceedingly poor yield of diselenide dissolved in excess of carbon tetrachloride, 
with which it forms an azeotrope. It has been found that methylene chloride vapour reacts 
with molten selenium with copious production of carbon diselenide, which has thus been 
prepared in the pure state in considerable quantities. It possesses interesting physical and 
chemical properties and presents a number of chemical problems which call for further 
investigation. 

Methylene chloride vapour, carried in a stream of nitrogen, begins to react with molten 
selenium at 600® and produces carbon diselenide smoothly and rapidly at 550 — 600®. The 
deposition of carbon in the reaction zone tends to slow down and eventually stop the reaction, 
but this can be avoided by arranging for the supply of selenium in small quantities at a time to 
the reaction system. Copious evolution of hydrogen chloride occurs and some selenium is lost 
as a red, particulate cloud carried over in the gas stream : this difficulty may be partly obviated 
by the use of a fractionating column kept at about 200®. In a laboratory apparatus designed 
to meet these difficulties, the best yield of pure diselenide was 62% of the selenium used, without 
allowance for the considerable amounts of the element which should be easily recoverable from 
the reaction residues. In the routine preparation, however, a simpler apparatus giving a rather 
lower yield was found to be advantageous. Attempts to carry out the reaction solely in the 
vapour phase were unsuccessful, and the impression was gained that it occurs on the surface of 
liquid selenium. 

Other hot-tube experiments of similar type gave no significant results. Methylene chloride 
gave no carbon disulphide with sulphur at 420° : carbonisation occurred and small amounts of 
hydrogen sulphide and hydrogen chloride were produced. No carbon sulphoselenide was 
formed by the interaction of methylene chloride with a mixture of selenium and ferrous sulphide 
at 425 — 560®, or by the action of methylene chloride and sulphur vapours on selenium at 500® : 
small amounts of carbon diselenide were produced in each case. Carbon ditelluride was not 
produced by the action of methylene chloride on tellurium at 450 — 680®. Methyl chloride 
with selenium at 400 — 550°, in addition to hydrogen selenide and hydrogen chloride, gave 
traces of a foul-smelling, lachrymatory, yellow liquid, which appeared to be different from 
carbon diselenide, but was not obtained in amount sufficient for characterisation. 

Crude carbon diselenide was readily purified by distillation in steam, followed by distillation 
under either atmospheric or reduced pressure. It is a bright yellow, non-inflammable, highly 
refractive liquid (Grimm and Metzger, loc. cit., report 1*845) which does not wet glass. It 
has an intolerable odour, causes nose and lung irritation and lachrymation, and has a slight 
irritant action on the skin. On standing, it darkens, becoming brown, then black and deposits 
dark polymerisation products : loss of material due to this amounts to about 1% per month. 
The following physical properties were determined, values in parentheses being those previously 
recorded by Grimm and Metzger (loc. cit.) : b. p. 125 — 12G°/760 mm. (124°/760 mm.), m. p. 
(pentane thermometer) — 40° to — 45° (— 46-5°), 2*6824 (2*079), 2*6626. Vapour 

pressures of the pure diselenide were determined, using a “ spoon guage ” incorporated in a 
high-vacuum apparatus, care being taken to ensure the complete outgassing of the sample 
used and to avoid any possibility of decomposition of vapour during the usual sealing-off 
procedure. Manometric readings were corrected to 0°, sea- level, and latitude 45°. The results 
are shown in the table, together with vapour pressures calculated from the equation logj^ P 
(mm.) = 7*9153 — 1987*4/r, where T is the absolute temperature. 


Temp 0-00° 6-07° 10-07° 15-07° 20-07° 25-06° 30-04° 35-04° 40-02° 50-01° 

Pob«.» mm 4-7 5-7 7-7 10-4 13-6 17-9 23-3 29-6 37-0 58-2 

Pcaic, mm 4-4 6-9 7-9 10-4 13-7 17-8 22-9 29-3 37-1 58-3 


It will be seen that the vapour-pressure equation fits the experimental points with a mean 
deviation of i 0*2 mm. and leads to an average latent heat of evaporation over this temperature 
range of 9092 cals. /mole. Comparison with carbon disulphide has been made by Othmer’s 
method (Ind. Eng. Chem., 1940, 32 , 841), leading to an approximate latent heat of evaporation 
at the b. p. of 7866 cals./mole and an entropy of evaporation of 19*7 cals. /deg. /mole. 
Hildebrand*s constant has been calculated as 28*6 (cf. carbon disulphide, 27*1). 

Various observations have been made of the behaviour of carbon diselenide with solvents 
and reagents, in addition to those already recorded by Grimm and Metzger (loc. cit.). It is 
completely miscible with carbon tetrachloride, with which it forms a constant- boiling mixture 
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containing about 40% of the latter ; it is also miscible in all proportions with carbon disulphide 
and toluene. These solvents appear to retard the polymerisation of the selenide. It is readily 
soluble in light petroleum (b. p. 60 — 80°), but in this case the polymerisation does not appear to 
be retarded. Medicinal paraffin dissolves carbon diselenide to about 26% by volume and the 
components show an upper critical solution temperature. The diselenide is very sparingly 
soluble in glacial acetic acid and also in ethanol, which appears to promote decomposition. It 
is insoluble in water and appears to suffer loss of stability under moist conditions : the upper 
aqueous layer rapidly becomes turbid. White phosphorus dissolves to a very large extent. 
Selenium oxychloride reacts violently with carbon diselenide, much elementary selenium being 
deposited with liberation of unidentified volatile products. Selenium monochloride reacts 
briskly after a period of induction, giving selenium and a volatile product of intolerable odour. 
Bromine reacts with a “ quenching ** sound, giving a clear red liquid which deposits a dark 
brown solid on standing. Dry hydrogen chloride has no apparent reaction and neither has the 
concentrated aqueous acid, from which the diselenide steam-distils on boiling. Concentrated 
nitric acid has little action in the cold, but destroys the diselenide on boiling, although the 
compound distils in the vapour of the boiling acid for a considerable time. Concentrated 
sulphuric acid has a more rapid action, but again unchanged selenide can be distilled from 
admixture for some time. Oleum produces rapid decomposition. Concentrated aqueous 
sodium hydroxide has little action in the cold, but dissolves carbon diselenide on heating, giving 
an orange solution. Alcoholic potash dissolves and destro 3 rs the diselenide rapidly and affords 
the best means of decontaminating apparatus which has contained it. Dry bleaching powder 
produces a vigorous exothermic reaction accompanied by the evolution of most aggressive 
vapours. It is apparent that there is a wide field of investigation still open in the chemistry of 
carbon diselenide, but the only reaction which opportunity has allowed us to study is that with 
chorine. 

Chlorine is absorbed rapidly in large amounts by carbon diselenide, with evolution of much 
heat. A great variety of interesting products appears to be formed : bright red and yellow 
solids, white red and black sublimates, red, yellow, and green liquids. Some of these are very 
unstable; a yellow solid deliquescing rapidly in air, with evolution of junk fumes, provides a 
striking example. Simplification of this complex reaction was achieved by carrying out 
chlorination in carbon tetrachloride, in which selenium tetrachloride is sparingly soluble, 
removal of the latter product by filtration, removal of carbon tetrachloride by distillation, rapid 
washing of the residue with water, and high-vacuum distillation. Four products were thus 
characterised with reasonable certainty, the chief of which was selenium tetrachloride. The 
others were perchloromethylselenol, CCla’SeCl, a deep red liquid, b. p. 62°/23 mm., with a biting 
odour, fuming in air and hydrolysing fairly rapidly with water. Hexachlorodimethyl selenide, 
(CCl 3 ) 2 Se, was obtained in small amount. It is a white, crystalline solid, m. p. 37°, with an 
odour resembling that of hexachloroethane. It is soluble in benzene and carbon tetrachloride, 
and is intermediate in volatility between the above selenol and hexachlorodimethyl diselenide, 
which was obtained in very small yield as a yellow oil, b. p. 120°/0-5 mm., wdth a camphoraceous 
odour and an irritant action on the skin. Further treatment whth chlorine appears to convert 
the diselenide into the selenol and selenium tetrachloride. 

It is remarkable that no success was achieved in obtaining selenocarbonyl chloride as a 
product of this chlorination reaction, and although high volatility would not be expected in this 
compound, it is noteworthy that a volatile selenium compound wdth a most aggressive and 
quite intolerable odour has been produced in a number of w^ays which might conceivably lead to 
this compound. Such a substance was present in the carbon tetrachloride distilled from the 
carbon diselenide chlorination mixture, was produced by the interaction of selenium 
monochloride with carbon diselenide and by the reaction of the latter with dry bleaching powder, 
and also by the reduction of perchloromethylselenol with anhydrous stannous chloride in carbon 
tetrachloride solution. The chlorination of selenoformaldehyde was also attempted as a source 
of selenocarbonyl chloride, but other products, not yet investigated, were produced in this 
reaction. 

It is clear that much work remains to be done in this interesting field of selenium chemistry, 
but it is attended by the disadvantage of the rather toxic and highly disgusting nature of the 
products obtained. 

Experimental, 

Carbon Diselenide. -^’Voxious experimental conditions and types of apparatus indicated the desirability 
of removing the reaction products as rapidly as possible from the zone of reaction between methylene 
chloride and molten selenium in order to minimise the deposition of carbon. Too high a temperature 
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and too extensive a heated zone were also to be avoided from this point of view. These requirements, 
and the desirability of a reasonable production rate, made unavoidable the loss of considerable amounts 
of selenium in the form of red smoke, which could ultimately, however, be recovered. The simplest 
satisfactory apparatus consisted of a Pyrex retort, delivering into a receiver, as indicated in the figure. 
Methylene chloride vapour, provided by a vessel containing the liquid maintained at a suitable fixed 
temperature, was delivered above the surface of molten selenium in a stream of dry nitrogen. The 
crude product was steam-distilled directly from the receiver, separated from the aqueous layer, dried 
(CaClj), and, for purposes of the physical measurements, fractionated through a 30-cm. vacuum- jacketed 
Dufton column under reduced pressure (b. p, 46°/50 mm.) (Found: Se, by combustion, 92*77; by 
Kjeldahl, 92-96. Calc, for CScj : Se, 92-93%). 

Chlorinaiion of Carbon Diselenide. — Preliminary attempts at separation of the products of reaction 
indicated the importance of analyses for selenium and chlorine at frequent intervals. The most rapid 
and satisfactory methods were found to be as follows : for selenium, digestion with oleum and perhydrol 
(Kjeldahl), followed by dilution, reduction with sulphur dioxide and then with hydroxylamine 
hydrochloride, and gravimetric estimation as elementary selenium ; for chlorine, treatment with sodium 
in liquid ammonia, followed, after evaporation of ammonia, by treatment with alcohol, boiling with 
dilute sulphuric acid, treatment with sulphur dioxide, further boiling, filtration, and precipitation with 
silver nitrate in the usual way. 

To traps at 
- 80 * 



The course of a chlorination experiment was as follows. Carbon diselenide (50 g.), dissolved in 
carbon tetrachloride (300 c.c.) in a 1-1. flask fitted with a mechanical stirrer and reflux condenser, was 
treated with dry chlorine until an increase in weight of 81 g. was reached (approx. 4 moles of Clg). A 
large precipitate of whitish solid was produced, together with red and yellow sublimates. The reaction 
mixture was set aside for two days, and darkening occurred. The solid was removed by filtration, 
washed at the pump with carbon tetrachloride, and proved to be selenium tetrachloride (Found : Se, 
36*9; Cl, 64*0. Calc, for SeCl4 : Se, 35*8; Cl, 64*2%). The filtrate was carefully fractionated, a 
vacuum-jacketed Dufton column being used with controlled reflux-ratio head. The first distillate, 
consisting mainly of carbon tetrachloride, was yellow-brown, contained considerable amounts of 
selenium, and had an intolerable odour reminiscent of carbonyl chloride, but no definite compound could 
be isolated from it. The residue from this fraction was completely distilled at 200 mm. The second 
distillate was shaken with water, separated, dried (CaCl^), and redistilled in vacuum. The first fraction 
consisted oi perchloromethylselenol (17 g.), b. p. 62723 mm. (Found : Se, 33*75; Cl, 60*7 ; M, cryoscopic, 
in C4H4, 247. CClj-SeCl requires Se, 33*9; Cl, 60*9%; M, 233). Further distillation yielded a pale 
yellow oil which solidified in the condenser. This and the residue in the distillation flask were removed 
and examined separately. The liquid residue was removed to a smaller apparatus and redistilled (b. p. 
124 — 129‘^/2 mm.). Admission of air to the apparatus caused oxidation, with production of green and 
red substances. In view of this difficulty and the low volatility of the substance, redistillation was 
effected in a high vacuum. A small homogeneous fraction consisting of hexachlorodimethyl diselenide 
was obtained (Found : Se, 40-2; Cl, 53*8; M, cryoscopic in C^Hj, 392. CaClcScg requires Se, 40*0; Cl, 
^3*9%; M, 395). The solid condensate from the previous distillation was recovered by dissolving in 
carbon tetrachloride. The solvent was removed, and the residue sublimed in a high vacuum, giving a 
small yield of hexachlorodimethyl selenide (Found: Se, 25*3; Cl, 67-4; M, cryoscopic in CjHa, 317. 
CjCleSe requires Se, 25 0; Cl, 67-4%; M, 316). 

The authors are indebted to the Director General of Scientific Research (Defence), Ministry of Supply 
for permission to publish this work, 

Birkbeck College, Fetter Lane, E.C. 4. 


[Received, October 21sf, 1946.] 
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204 . The Relation of Yttrium to the Lanthanons : A Study of 

Molecular Volumes. 

By Joseph K, Marsh. 

When yttrium concentrates near samarium or neodymium in the lanthanon series, molecular 
and not ionic states arc believed to be involved. The molecular volume of yttrium acetyl- 
acetone is found to approximate to that of neodymium, and to be larger than those of the lan- 
thanons similar to yttrium in ionic size. Nevertheless, yttrium basic nitrate and ferricyanide 
were found to give molecular volumes indicating a polar crystalline state, though they 
accumulate at the position of No. 61 on fractionation. The basic nitrate will be un-ionised in 
nitrate solution, and triply ionised ferricyanide is unlikely to reach the solubility product with 
y*** or Ln“'. The reaction to form these ferricyanides is therefore believed to be molecular in 
character, thus accounting for the behaviour of yttrium. This reasoning can be extended to 
other slightly soluble yttrium salts with multivalent anions phosphate, chromate, and 
forrocy<iriide) showing similar behaviour. 

In a j)revious communication (Marsh, this voL, p. 118) the suggestion was made that yttrium 
on passing from the ionic to the covalent state underwent a relatively larger increase in size on 
comparison with the lanthanon elements. For instance, yttrium and holmium ions are 
approximately of the same size, but sometimes yttrium shows behaviour indicating a resemblance 
to neodymium and samarium, which elements have larger ions than holmium. Certain sparingly 
soluble and basic salts incline to show yttrium associating with elements larger than holmium. 
A reason for this behaviour is now sought. 

It is firmly established that a progressive' fall in ionic radius with increasing atomic number 
occurs between lanthanum and lutecium. This is found by A-ray determination of the 
crystal-lattice size, and is confirmed by determination of the molecular volumes of the sulphate 
octahydrates (von Hevesy, Z, anorg. Chem,, 1925, 147, 217; 150, 68), though in both these 
instances the first two or three members of the rare-earth group lack isomorphism with the 
remainder. In the oxide series the yttTium ion falls in size between those of dysprosium and 
holmium, and in the sulphate series between holmium and erbium ions. The latter is the 
position usually taken by yttrium in a fractional crystallisation series, indicating an important 
correlation between ionic and molecular sizes and chemical properties in the lanthanon series. 
Generally, yttrium is isomorphous with holmium and erbium, but exceptions are known. For 
example, the 2-bromo-5-nitrobenzenesulphonates of yttrium crystallise with IGHgO similarly to 
those of samarium and gadolinium and in contrast to the dodecahydrates of erbium and 
ytterbium. Direct evidence of yttrium having at times a larger volume than holmium is now 
sought by measurement of molecular volumes : it has already been reported in the case of the 
atomic volumes of the metals (Bommer and Hohmann, Z. anorg. Chem., 1939, 241, 268). The 
crystalline basic nitrates and the ferricyanides have been examined throughout a representative 
series of earths. These are two good examples of salts by the formation of which rapid 
accumulation of yttrium with neodymium and samarium, and separation from the “ yttrium 
earths is brought about, but in both instances the molecular volume of the yttrium salt proved 
to have a value w^hich placed yttrium in sequence in the usual ionic position among the other 
elements, i.e., near to holmium. The crystals must therefore be regarded as polar in type. 
The acetylacetones, however, gave evidence that this covalent yttrium compound has in fact a 
larger molecular volume than that of the usual associates of yttrium in its ionic state. 

The basic nitrates are obtained by crystallisation from hot concentrated nitrate solutions. 
They are decomposed by water, but in nitrate solution they appear to be stabilised by suppression 
of ionisation by a common-ion effect, on removal of which they hydrolyse. They may be 
regarded as existing in a non-ionising solvent only. If, then, they exist in solution 
in a non-ionised form, it is not surprising to find that the solubility of yttrium basic nitrate has 
a value interpolating in the lanthanon series at the position of No. 61, the same as is found in the 
case of the atomic volume, or the acetylacetone molecular volume. We must then postulate a 
transition from a non-ionic to an ionic state upon crystallisation, based on the evidence of the 
crystal molecular volumes. The precipitate produced by boiling a nitrate solution with sodium 
nitrite, being chiefly the basic nitrate Y80i4(N03)4,17H20 (Fogg and James, J. Amer. Chem. Soc., 
1922, 44, 397), appears to be a similar case to the basic nitrate YeO6(NO3)8,20HaO produced 
by crystallisation (James and Pratt, ibid., 1910, 82, 873). 

In the case of the ferricyanides, high concentrations of potassium ferricyanide and up to 
200 g./l. of yttrium oxide in the form of chloride can be brought together in cold solution 
without any precipitate forming, yet the solubility of yFe(CN )3 at 20° is represented by only 
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0*602 g./l* of YjOg (Prandtl and Mohr, Z, anorg, Chem., 1938, 286, 243). Seeding is ineffective 
in producing a precipitate. Indeed, the seed may dissolve, but on gentle warming a precipitate 
forms slowly, which has a molecular volume indicative of an ionic state of yttrium. An 
irreversible reaction takes place, since the precipitate will not redissolve appreciably 
on cooling. The formation of 3 rttrium ferricyanide according to the simple equation 
Y*** -j- 3C1" + 3K* + Fe(CN)g == YFe(CN)g -f- 3KC1 cannot be expected to take place, 
since triple ionisation of fenicyanic acid is necessitated. Thus, in general, it will be seen that 
molecular reactions may be expected where the alternative involves the existence of a multivalent 
anion or the production of a series of unknown intermediates. Ferrocyanide, chromate, and 
phosphate are other examples of salts of yttrium showing closer resemblance to neodymium 
than to holmium in fractionations. All are compounds having low solubilities and are salts of 
multivalent acids incapable of complete ionisation. 

A series of acetate molecular volumes have been measured, and as anticipated yttrium takes 
an ionic position in the series. The densities and molecular volumes of the four series of salts 
examined are presented in Table I. The values for the acetylacetones might be doubled, since 
the molecules are known to be double in solution. No high degree of accuracy for the molecular 
volume determinations can be claimed for these last compounds, but the results are sufficiently 
reliable to prove the point that the value for yttrium does not lie in the sequence close to those 
of the other yttrium earths, but is larger and more nearly equal to that of neodymium. The 
fused acetylacetone compounds were usually somewhat basic as indicated by high oxide 
contents on ignition. The densities found must therefore tend to be high and the molecular 
volumes low. For Table I, data have been selected from the italicised data of Table II, 

Table I. 

Densities, 


La. Nd. Sm. Gd. Dy. Y. Er. Yb. 

Acetates — 1-885 1*942 1-990 2-042 1*689 2*075 2-142 

Basic nitrates — 2-940 3-045 3-159 2*431 3*223 3*326 

Ferricyanides 2-044 2*110 2-179 2-243 — 1-937 2-348 2*410 

Acetylacetones 1*542 1*618 1-651 1-678 1*709 1*403 -- 1*748 

Molecular volumes. 

Acetates — 208*7 205*8 205-0 201*6 200*4 199-9 197-1 

Basic nitrates — 634 617 605 605 602 594 

Ferricyanides 207 203 199 197 — 193 192 190 

Acetylacetones 283 273 271 271 269 275 — 269 


Table II. 
Acetylacetones, 




Density 



Oxide, %. 


Molecular volume. 


Oxide, 

O/ in 


r 

1. 

2. 

3. 

* 1. 

2. 

» 

3. 

Calc. 

1. 

2. 

% 

3. 

Best. 

/o> 

excess. 

La ... 

1-636 

1-549 

— 

36-75 

35-82 

— 

37-34 

284-0 

281-6 

— 

283 

-2-9 

Nd ... 

1-618 

1*664 

1*694 

39-05 

40-80 

41-34 

38-11 

273-3 

265*4 

260*6 

273 

2-5 

Sm ... 

1-636 

1-666 

1*689 

40-92 

40-43 

42*22 

38*95 

273-7 

268-8 

265*1 

271 

5-6 

Gd ... 

1-676 

1*712 

— 

42-33 

43-62 

— 

39-82 

270-7 

265*4 

— 

271 

6-3 

Dy ... 

1-709 

1*726 

— 

42-94 

46-25 

— 

40-55 

269-1 

266*5 

— 

269 

6*9 

Y ... 

1-393 

1-400 

1-416 

30-83 

29-85 

31-47 

29-23 

277-1 

275-2 

272-7 

275 

5-1 

Yb ... 

1-740 

1-746 

1-759 

43-58 

43-60 

41-28 

41*90 

270-5 

269-5 

267-5 

269 

2-2 


sometimes by averaging, but more often by selection of the value relating to the acetylacetone 
sample which showed the nearest approach to theoretical oxide content. A fairly constant 
density increment of 0*03 between even-numbered elements from neodymium to dysprosium 
inclusive is found, and the excess oxide, except in the case of neodymium but with the addition 
of yttrium, is also fairly constant, so that this sequence of elements is comparable, and they lend 
mutual support. It was found that lanthanum acetylacetone was slightly volatile. Its true 
oxide content cannot therefore be determined by ignition and the low contents recorded in 
Table II are suspect. On the other hand, the low densities for the acetylacetone leading to an 
unexpectedly high value for the molecular volume are consistent with the presence of excess 
acetylacetone, but the melts were not gummy, as would be expected in that event, but quite 
vitreous. This in other instances accompanied deficient acetylacetone. 
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If we examine the molecular volumes of isomorphous compounds of neodymium and 
ytterbium, we find the values for the latter smaller than those of the former by the following 
percentages : sulphates 7*0, ferricyanides 6*5, acetates 6*6, ethyl sulphates 3*0. The fall in the 
case of the acetylacetone compounds appears to be under 2%. 

Experimental. 

Densities. — In the case of the acetates, suspension of crystals in mixtures of chloroform and 
bromoform and determination of the density of the liquid by a Westphal balance proved very satisfactory. 
With basic nitrates and ferricyanides, determinations of the loss of weight in chloroform was more 
satisfactory, and the acetylacetones were weighed in water. A platinum bucket of 2 ml. capacity and 
about 0*5 g. of substance were used in these three cases. The accuracy of the method depended chiefly 
on the proper release of air bubbles before weighing in liquid. . 

Acetates, E(C2H302)3,4H20. — The neodymium salt was prepared by evaporation of a solution in a 
desiccator. It is rather efflorescent, but large crystals may be grown. The other acetates crystallised 
readily from warm neutral solutions, and are stable. 

Basic Nitrates, EeO6(NOa)8i20H2O (James and Pratt, loc. cit.). — The normal slightly acid nitrates 
were boiled to dryness and heated till some decomposition had occurred. The vitreous melts were then 
poured into cold water and gave clear hot solutions which deposited ciystals overnight. It was found 
possible to prepare the samarium basic nitrate if only slight decomposition of the melt was permitted, 
for its range of stability is small. The melt was vitreous like the others. Neodymium gave no vitreous 
melt or basic nitrate crystals. The nitrate creamed at once when decomposition began. 

The density of the erbium salt as given in Table I is an extrapolation from the experimental value 
using material containing 2% of yttrium. Only a very small sample of dysprosium basic nitrate was 
available, and the single determination of the molecular volume appears low. Other values are believed 
to be correct within ± 2. Three determinations for yttrium were within 1 part in 600. 

Ferricyanides, EFe(CN)fl,4HaO. — Neutral chloride solutions containing 100 g./l. of oxide were treated 
at 40 — 50" dropwise with cold saturated potassium ferricyanide with mechanical stirring and the 
precipitate which formed was collected, washed, and dried. The precipitates of samarium and 
gadolinium could not be obtained as coarsely crystalline as in the other cases. Prandtl and Mohr 
(Z. anorg, Chem., 1938, 236, 243 ; 287, 160) found some variation in the amount of water of crystallisation 
in the different salts but apparently without loss of isomorphism : for the lanthanum salt they found 

4‘5H20, but the molecular volumes shown in Table I arc calculated for 4H2O in all cases. 

Acetylacetone Compounds, E[CH(CO‘CH3)2]3. — Acetylacetone (3g. in 10 ml. of alcohol) was added to 
an equivalent of lanthanon acetate in 50 ml. of cold water, and ammonia added dropwise with stirring, 
excess being avoided. The acetylacetone compound soon separated and was collected with suction. 
Especially in the case of ytterbium, acetylacetone washing appeared to decompose the precipitate. 
Washing was therefore omitted or kept to a minimum, but the products were well pressed on filter-paper 
and dried in a desiccator. Melting points were found to be close to known values without further 
purification. 

Lanthanum acetylacetone. The precipitate appeared to be basic and did not give a clear melt unless 
one or two drops of acetylacetone were added before fusion ; then clear melts giving a vitreous, pale 
amber solid were obtained. 

Neodymium acetylacetone. This, m. p. 150 — 152°, like the lanthanum compound, appeared basic 
(Found : NdgOs, 39-04. Calc. : NdgOs, 38*11%) and failed to give a clear melt without additional 
acetylacetone. 

Gadolinium acetylacetone. This compound, m. p. 140^, was likewise basic (Found : GdjOs, 40*53. 
Calc. : GclgOa, 39-83%). Unlike preparations previously reported it did not appear to contain any 
water of crystallisation (1 and 2 HgO, Jantsch and Meyer, Bar., 1920, 53, 1594; 3 HjO, Sarkar, Bull, 
Soc. chim., 1920, 39, 1390). If damp acetylacetones were heated to their m. p. they reacted with water 
to form the hydroxides and failed to give satisfactory melts. 

Ytterbium acetylacetone. This had m. p. 114° but the melt was not clear. It did not gas at the m. p., 
as occurred with the higher-melting acetylacetones melting near the b. p. of free acetylacetone. It 
was not considered likely that satisfactory density determinations by weighing the finely crystalline 
compounds in water could be made, nor could organic liquids be used, since they have solvent action. 
Quantities of about 1 g. were therefore fused in an oil-bath in thin 10-mm. specimen tubes with, when 
necessary, the addition of one or two drops of acetylacetone to give clear melts. Loss of acetylacetone 
occurred at the m. p. Unless a slight loss did occur, the fused mass cooled to a stiff gum which would 
quickly crystallise if kneaded. But when slightly basic, a vitreous resin was obtained in one or more 
large pieces on breaking the tubes, and the densities of these pieces could be obtained with a fair degree 
of accuracy by weighing in water. There was, however, always some devitrification or hydroxide 
formation on the surface in contact with water, with loss in weight. The surface deposit was removed so 
far as possible after determining the density, and the percentage of oxide contained in the material was 
obtained by ignition. In some cases burning the oxide free from carbon was difficult. The char 
required to be broken down with a glass rod in the silica crucible before final ignition. Particular care 
was taken to obtain reliable data for yttrium. The three analyses are in satisfactory agreement but the 
third shows a high density and high oxide content and low molecular volume. The final figure adopted 
in Table II for the molecular volume of yttrium acetylacetone is therefore likely to be a little low. 

Dr. A. S. Russell is thanked for permission to use this laboratory. 

Dr. Lee's Laboratory, Christ Church, Oxford. [Received, November ^th, 1946. ] 
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205 . The Preparation and Ultra-violet Light Absorption of Some 
Substituted Phenylpropenyl- and Styrylmethyl-carbinols and 1-Phenyl- 
butadienes. 

By Ernest A, Braude, E. R. H. Jones, and E. S. Stern. 

In connexion with kinetic studies on anionotropic rearrangements (see following paper), car- 
binols of the type CeH^R-CHCOH) -CHICHMe, where R = o-Me, m-Me, p-Mc, p-Cl, p-Br and 

^-MeO, have been prepared by Grignard condensations of appropriate aromatic halides with 
crotonaldehyde. Quantitative conversions into the isomers C 6 H 4 R*CHICH’CH(OH)Me are 
effected by treatment with hydrochloric acid in aqueous dioxan. Dehydration of the carbinols 
by distillation from potassium hydrogen sulphate yields the dienes CeH 4 R*CHICH*CHICH 2 , 
which are characterised by their adducts with maleic anhydride and with benzoquinone. The 
ultra-violet light absorption properties of the various compounds are discussed and provide 
evidence for the smaller polarisability of the phenyl nucleus as compared with the ethylenic 
bond. 

The extension of the kinetic studies on anionotropic rearrangements carried out in these 
laboratories (cf. Braude and Jones, 1946, 122, 128; Braude, Jones, and Stern, ibid., p. 396) 
required the preparation of substituted phenylpropenylcarbinols (I) and of the isomeric styryl- 
methylcarbinols (II). Only the parent carbinols (I and II, R = H) have been described 

CeH4R*CH(OH)*CH:CHMe CeH4R-CH:CH-CH(OH)-Me 

tl.) (II.) 

hitherto. A number of substituted phenylvinylcarbinols have been prepared by Burton and 
Ingold (/., 1928, 904) and Burton (ibid., p. 1650), but the lower mobility of phenylvinyl- as 
compared with phenylpropenyl-carbinol (Braude, Jones, and Stern, loc. cit.) indicated that 
the vinylcarbinols would be less valuable for kinetic studies than their propenyl homologues. 

The simplest route to phenylpropenylcarbinols is by the Grignard condensation of the 
appropriate aryl halides with crotonaldehyde. Qualitative data in the literature (cf. Runge 
in Schmidt, “ Chemie in Einzeldarstellungen,*’ Vol. 10, Part I, Stuttgart, 1932) indicate that 
the reactivity of aryl halides towards magnesium varies in the order ArCl < ArBr < Arl. 
Furthermore, it is said to be enhanced by methyl substituents, decreased by halogen and 
methoxyl substituents, and completely destroyed by substituents, such as the nitro-group, 
exerting only electron-attracting effects. The range of compounds accessible by this method 
is therefore limited. In the present work it was found that the bromotoluenes and ^-bromo- 
fiuorobenzene all reacted readily with magnesium in the presence of a small amount of ethyl 
bromide. ;^-Dibromobenzene and ;/)-bromoanisole reacted somewhat less readily, while with 
dichlorobenzene the reaction was incomplete even after four days. With /)-di-iodobenzene 
the metal slowly disappeared after prolonged treatment, but in contrast to the findings of 
Bruhat and Thomas (Compt. rend., 1926, 183, 297; cf. Mihailescu and Caragea, Chem. Zentr., 
1930, I, 2248) no significant yield of condensation product with crotonaldehyde could be 
obtained, some of the di-iodobenzene being recovered unchanged, together with iodobenzene, 
and intractable residues. Attempts to make />-bromonitrobenzene react with magnesium, using 
Grignard's technique (Compt. rend., 1934, 198, 625) of adding an equimolecular proportion of 
ethyl bromide simultaneously with the unreactive halide, only yielded unchanged starting 
material and small amounts of ^p'-dibromo-azo- and -hydr^zo-benzenes (cf. Werigo, Annalen, 
1873, 165, 190; Hepworth, 1920, 117, 1004; Slottaand Heller, Ber., 1930, 63, 3030). Again, 
the bromomagnesium derivative of /?-bromophenol, though soluble in anisole at 100°, failed 
to react with magnesium. 

The Grignard derivatives of the first eight halides mentioned were condensed with croton- 
aldehyde, special attention being paid to temperature control during the addition of the 
aldehyde and during the decomposition of the complex with ammonium chloride, in order to 
avoid the formation of the isomeric styryl derivatives. Thus, even in the preparation of the 
much less readily isomerised phenylvinylcarbinol, the product contains some cinnamyl alcohol 
unless the last two stages are carried out below 20°. It is known that, vice versa, cinnamyl- 
magnesium chloride reacts partly in the form of phenylvinylcarbinylmagnesium chloride 
(Gilman and Harris, J, Amer. Chem. Soc., 1927, 49, 1825) and it may well be, therefore, that 
the Grignard derivatives themselves undergo some equilibration. 

The substituted phenylpropenylcarbinols were isolated in good yields as viscous liquids 
or low-melting solids. In view of their ready isomerisation in the presence of acids, traces of 
the latter were excluded by drying over, and distilling from traces of, potassium carbonate. 
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In the absence of these precautions, some of the rearranged styrylmethylcarbinols and phenyl- 
butadienes are invariably produced, and considerable resinification occurs. This is particularly 
noticeable with the highly mobile ^-anisylpropenylcarbinol. 

Rearrangement of the phenylpropenylcarbinols was effected by treatment with hydro- 
chloric acid in aqueous dioxan, the corresponding styryl isomers being obtained in almost 
quantitative yields. In aqueous alcohol a mixture of the carbinols and their ethyl ethers is 
produced (cf. Braude, Jones, and Stem, loc, ciU) and kinetic data (see following paper) indicate 
that with the chloro- and bromo-carbinols some etherification occurs before, as well as during, 
rearrangement. 

Treatment of the phenylpropenylcarbinols with a-naphthyl i5ocyanate in the absence of 
solvent gave the naphthylurethanes of the corresponding st 5 rrylmethylcarbinols. In petrol 
solution and in the presence of traces of pyridine, mixtures of the isomerised and unisomerised 
naphthylurethanes were obtained. The latter could not be isolated pure, however, as they 
readily rearrange to the former on attempted recrystallisation. The two types of derivatives 
are distinguished by their characteristic ultra-violet light absorption (see below). 

It has long been known that methylstyxylcarbinol can readily be dehydrated to phenyl- 
butadiene (Klages, Ber., 1902, 36, 2650) ; in fact, early workers experienced considerable 
difficulty ill obtaining the pure carbinol by the condensation of cinnamaldehyde with methyl- 
magnesium iodide because they omitted to eliminate traces of iodides and of acids which act 
as dehydration catalysts. In the present work, the rearrangement and subsequent dehydration 
of the phenylpropenylcarbinols were conveniently carried out in one stage by means of potassium 
hydrogen sulphate. The carbinol together with about one-tenth of its weight of sulphate is 
preheated to 80 — 100° at 10“^ mm. until the vigorous rearrangement reaction sets in (5 — 30 
mins.). In the case of the ^-anisyl- and j5>-bromophenyl-propenylcarbinols the solid styryl 
isomers are deposited on the sides of the vessel. The temperature is then raised and the 
phenylbutadiene distils over as the dehydration proceeds. The ease of dehydration appears 
to vary in the same order as that of the isomerisation of the parent carbinols. The substituted 
phenylbutadienes are highly refractive liquids or low-melting solids which were purified by 
micro-fractionation from traces of potassium hydrogen sulphate or by crystallisation, and 
showed the expected selective high-intensity absorption in the ultra-violet (see below). On 
heating or on exposure to light and air, they readily resinify, and some difficulty was experienced 
in obtaining correct microanalyses, particularly for the tolyl compounds. 

The dienes were characterised by their reactions with maleic anhydride and with />-benzo- 
quinone in benzene solution, giving respectively the phenyltetrahydrophthalic anhydrides and 
the phenyl- 1 : 4 : 9 : lO-tetrahydronaphtha-6 : 8-quinones (cf. Diels and Alder, Ber,, 1929, 62, 
2081, 2337). The tetrahydro-quinones are pale yellow owing to their absorption band near 
3660 a. (see below), but slowly change on standing into the colourless phenyl- 1 : 4-dihydro- 
naphtha- 5 : 8-quinols. This double prototropic change is facilitated by exposure to light, 
and the ease with which it occurs again appears to parallel that of the isomerisation of the 
phenylpropenylcarbinols. Thus the ^-anisyl derivative does not even show the expected 
light absorption maximum at 3660 a. in hexane, chloroform, or benzene solution ; maxima 
near 3300 a. expected for the 1 : 4-dihydronaphthalene derivative (cf. Morton and de Gouveia, 

1934, 916) appear instead, and only the colourless quinol can be recovered from the solution. 
Since the last two solvents are not appreciably transparent to light of wave-lengths shorter than 
2360 and 3000 a. respectively at the cell thickness used (1 cm.), the wave-length of the photo- 
chemically active light seems to be within the region of the 3660 a. band expected for the 
tetrahydronaphthaquinone. 

The light absorption properties of the various compounds were determined in the region 
2160 — 4000 A. In the phenylpropenylcarbinols (Table I), the phenyl and ethylene chromo- 
phores are in isolated positions, and would therefore be expected to contribute independently 
to the ultra-violet light absorption (cf. Braude, Ann. Reports, 1946, 42, 106). The selective 
absorption of the ethylenic double bond lies well below 2160 a., and the absorption of the 
carbinols in the region examined should therefore be closely similar to that of the corresponding 
substituted toluenes, as i% found to be the case. 

In the styrylcarbinols (Table II, Figs. 2 and 3), the essential chromophore is the styrene 
system. Styrene exhibits two bands in the region examined, at 2450 and 2920 A. (Restemer, 
Danger, and Manchen, Monatsh., 1936, 68, 326), which can be assigned to the conjugated system 
and to the partial phenyl chromophore respectively. The styrylcarbinols exhibit similar 
bands, showing small bathochromic displacements of 10 — 180 a. due to the substituents, 
except that a R-fluoro-group produces a hypsochromic shift of 30 a. In the naphthylurethanes 
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(Table III) the abso^tion originating in the naphthyl residue is superimposed on the styryl 
absorption and the difference in the absorption of the naphthylurethanes of the st3rrylcarbinols 
and of methanol coincides with the absorption of the styrylcarbinols themselves. 

Table I. 


Ultra-violet light absorption of CeH 4 R*CH(OH)*CH:CHMe in ethanol* 


R. 



R. 




H 

Arnax.^ A. 

— 

2610, 2580 p-¥ 

Amax.> A. 

— 

2580, 2640, 2700 


^max. 

— 

450, 450 

^max. 

— 

1450, 1450, 1050 

<7-Me 

Amax.> A. 

2,150 

2690, 2640, 2700, p-C\ 

Amax.> A. 

2,220 

2590, 2640 




2810 

^max. 

11,000 

2300, 2300 


C^max. 

11,000 

480, 510, 400, 130 />-Br 

Amax.i A . 

2,230 

2690, 2650 

w-Me 

Auuix.) A, 

— 

2420, 2515, 2580, 

^max. 

13,000 

1500, 1500 




2650, 2700, 2725 p-MeO 

Amax.» A. 

2,280 

2730, 2760, 2815 


^max. 

— 

1050, 1150, 1450, 

^max. 

13,500 

2200, 2200, 2100 




1450, 1150, 1000 


/>-Me 

Airtax. . A. 

2,220 

2596, 2646, 2720 




^max. 

11,000 

270, 310, 280 





Ultra-violet light absorption of R*CeH4*Me in ethanol for comparison. 

p-Me 

Amax.) A. 

2,160 

2600, 2680. 2740 ^-MeO 

Amax.j A. 

2,240 

2800, 2860 

^max. 

7,600 

330, 600, 620 

^max. 

10,400 

2200, 1530 

p-TAi 

Ama.-r- . A. 

2,200 

2620, 2690, 2770 




^max. 

10,500 

390, 470, 390 





* In this and subsequent tables figures in italics refer to inflections. 


Table II. 

Ultra-violet light absorption of CsH 4 R-CHlCH*CH(OH)Me in ethanol. 


R. 


H 


2480, 2510 

2810, 

2910 


^max. 

19,000, 19,500 

2000, 

1550 

o-Me 


2480, 2550 

2880, 

2970 


^max. 

16,000, 16,000 

1300, 

700 

fW-Me 


2510, 2550 

2880, 

2960 


^max. 

17,500, 17,500 

1300, 

900 




2160, 2510, 2550 

2890 


^max. 

19.000, 22,000, 22,000 

1600 


p-F 


2480, 2580 

2800, 

2950 


21,000, 15,000 

1500, 

800 

p-C\ 

^mai. 

2510, 2560, 2590 

2900, 

2990 

^max. 

22,500, 23,000, 23,000 

1700, 

1150 

p-Br 


2580 

2880, 

2990 

^max. 

26,000 

2300, 

1150 

^-MeO 


2610, 2690 

2920 


^max. 

26,000, 19,800 

3400 



Table III. 


Ultra-violefjighfabsorption of CioH7*NH*C02*CHMe*CHlCH*C6H4R in ethanol. 
R. 


H 


2220 

2510, 2560 

2810, 2900 


^max. 

72,000 

25,000, 25,000 

10,000, 10,000 

o-Me 


2210 

2510 

2810, 2910 


^max. 

76,000 

20,000 

9000, 9000 

w~Me 


2200 

2550 

2810, 2910 



75,000 

20,000 

8600, 8000 

^-Me 


2210 

2560 

2800, 2900, 2960 

^max. 

69,000 

20,000 

11,000, 9600, 930 

p-F 


2220 

2500 

2820, 2910 

^max. 

71,000 

22,000 

7500, 7500 

p-Cl 


2220 

2680 

2910 


68,000 

30,000 

10,500 

p-Bt 


2220 

2680 

2900 

finax. 

71,000 

29,000 

10,600 

j^-MeO 


2220 

2660 

2920 

^max. 

71,000 

36,000 

13,000 


Ultra-violet light absorption of CjoHy’NH'COaMe in ethanol for comparison. 

A„ax., A. 2230 — 2810, 2910 

Cmax. 68,000 — 6800, 6800 
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The phenylbutadienes (Table IV, Figs. 4 and 5) give rise to resolved absorption bands 
around 2200, 2800, and 3100 a. The last two may be ascribed respectively to the phenyl- 
butadiene and to the partial phenyl chromophore, while the first probably represents a sum- 
mation of the low wave-length phenyl bands and absorption due to the partial butadiene 
chromophore. The effects of methyl, chloro-, and bromo-substituents on the 2800 a. bands is 
smaller even than in the styryl system, while the fluoro-group again has a hypsochromic effect 
of 30 A., and the methoxy-group a bathochromic effect of 110 a. In the maleic anhydride 


Fig. 3. 



(a) p-R-C,H 4 *CH(OH)-CH:CHMe and (b) />-R*C 6 H 4 -CH:CH*CH(OH)Me. 

{In ethanol.) 

adducts (Table V), the phenylchromophore is again isolated from the other unsaturated groups 
in the molecule and the absorption is very similar to that of the phenylpropenylcarbinols. 
The absorption curves of the benzoquinone adducts (Table VI) are a summation of those due 


Table IV. 

Ultra-violet light absorption of C^H^R'CHlCH-CHlCHg in ethanol. 


R. 


H 


2230. 2330 

2710, 2800, 2900 

3050 


^nuuc. 

12,000, 8500 

28,000, 28,300, 27,000 

6000 

o-Me 


2230 

2810 

* 


ejxMx. 

12,500 

25,000 


m-Me 

. A. 

2170, 2285, 2350 

2790 

3110 


^niax. 

16,600, 14,400. 10,000 

29,000 

7200 

p-Me 

AmftT f A. 

2270, 2340 

2730, 2810, 2880 

3090 



11,300, 9250 

28,900, 30,000, 28,000 

8000 

/>-F 

A. 

2180 

2730, 2770 

« 


^max. 

12,800 

30,000, 30,000 


p-ci 

Anuix . A. 

2270, 2340 

2810, 2860 

3120 


^max. 

12,200, 7600 

32,000, 31,000 

6700 

p-Bi 

M... Atrta,y . . A. 

2200, 2270 

2810, 2860 

* 

^max. 

13,600, 12,000 

31,000, 30,000 


/>-MeO .... 


2220 

2840, 2010 

*■ 


Cmax. 

16,000 

36,000, 35,000 



♦ Absorption beyond 3100 a. not determined. 
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Table V. 


/COs/\ . 

Ultra-violet light absorption of O | \\ in ethanol, 

'^C0/\/ 


R. 

H 

Ajiiftx.j A. 

2,150 

24S0, 2680, 2650 

R. 

p-Cl 

CeH^R 

Amaz.» A. 

2,230 

2470, 2600, 2670, 

^-Me 

^max. 

7,800 

2,130 

260, 270, 190 

2630, 2710 

Cjnax. 

12,600 

2770 

280, 320, 360, 250 


fnaax. 

11,600 

250, 160 

p-Br 

^inax.> A. 

2,230 

2600, 2660, 2770 

m-Me 

Aniax. > A . 

2,145 

2650, 2730 

^max. 

14,000 

350, 350, 200 


^max. 

11,000 

330, 260 

p-MeO 

Awat. , A . 

2,280 

2650, 2700, 2720, 

p-Mo, 

p-F 

fmax. 

<^inax.» A. 
^rnax. 

2,180 

10,000 

2600, 2640, 2730 
320, 360, 320 

2600, 2650, 2710 
120, 156, 135 

^max. 

11,600 

2760, 2820 

200, 270, 270, 270, 
230 



H 


2,200 

2600, 2560, 2610, 2690 

3640, 3780 


^max. 

16,500 

1450, 1400, 1300, 1100 

63, 43 

o-Me 


2,200 

2600, 2810, 2910 

3650 


^inax. 

16,500 

1400, 1100, 1100 

60 

p-Me 


2,220 

2580, 2820 

3640, 3760 

^max. 

19,000 

1650, 850 

65, 60 

y?-F 


2,180 

2550, 2600, 2900 

3660 

^max. 

23,000 

2600, 1800, 850 

80 

^-Cl 

Amax.i A, 

2,260 

2550, 2820, 2920 

3660 

^max. 

24,000 

1500, 900, 900 

55 

p-Br 


2,230, 2,270 

2490, 2560 

3650 

^max. 

27,600, 27,000 

2400, 2000 

65 


to their separate phenyl and dihydro-quinone systems, the latter giving rise to bands hear 
2600 and 3600 a., i.e,, displaced by ca, 200 a. with respect to those shown by the open-chain 
diacetyl-ethylene system (Braude, 1946, 490) (Fig. 1). 


Fig. 4. 



ZWO 2260 2500 2750 3000 

R-CeH^-CHrCH-CHXH,. {In ethanol) 


The variochromic efEects of the nuclear substituents on the principal bands in the phenyl- 
propenylcarbinols, styrylmethylcarbinols, and phenylbutadienes are summarised in Table VII. 



[1947] The Preparation and Ultra-violet Light Absorption, etc. 1093 

(The exact values of AX are somewhat arbitrary owing to the vibrational structure. The 
highest peaks have been taken as characteristic of a group, and where two peaks of equal 
intensity are shown, the one at higher wave-length has been used for computing AX.) These 
effects are generally smallest (10—60 a.) for a methyl substituent, a little larger (10—90 a.) 
for the halogen groups, and largest (70 — 180 a.) for the methoxyl group. A number of other 
regularities appear, but their generality is too limited to warrant separate discussion. The 
fact, however, that the variochromic effects of nuclear substituents in the styryl and phenyl- 
butadiene systems are no greater than in the phenyl one and smaller than in corresponding 


Fig. 5. 



2/00 2400 2700 3000 

KA. 

^-R-C«H4-CH:CH-CH:CH2. [in ethanol.) 


R. 


H 


o-Me .. 
?w-Me 
p-Me 
/>-F .. 
P-C\ ... 
p-'Bt ... 


Table VII. 

The variochromic effects of nuclear substituents. 
C6H4R-CH(OH)-CH:CHMe ; C.H4R-CH:CH-CH(OH)Me : C4H4R-CH:CH-CH:CH4 : 


'* Phenyl ” band. 

" Styrene " 
band. 

" Phenyl ” 
band. 

Phenylbuta- 
diene ” band. 

Pheny] 

band. 

2580 

^in«x.f -A. 

2510 

2810 

2800 

3050 

+ 60 

A AtnuT.. A. 

-f 40 

4- 70 

+ 10 


-f 50 

-f 40 

4- 70 

~ 10 

+ 60 

4- 66 

4- 40 

4“ 80 

4- 10 

4- 40 

-f 60 

- 30 

- 10 

- 30 

+ 60 

4- 80 

4- 90 

4- 10 

+ 70 

4- 70 

4- 70 

-f 70 

+ 10 

-f 180 

4- 100 

4 110 

4“ 110 

— 


4b 
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systems where the substituents are directly attached to acyclic ethylenic double bonds (cf. 
Bowden, Braude, and Jones, /., 1046, 048) is of interest. Since the conjuga^g and tr^- 
mitting capacity of a group is related to its polarisabiiity (cf. Braude, Jbc, cit)^ it piwides 
spectral evidence for the lower polarisabiiity of the phenyl nucleus as compared with an 
aliphatic ethylenic group. 

Experimental, 

(Light-absorption data are only given when not included in Tables I — VI.) 

o-Tolylpropenylcarbinol (I; R = o-Me), — Freshly distilled crotonaldehyde (20 g.) in ether (40 c.c.) 
was added to o-tolylmagnesium bromide (from Mg, 6*5 g.) in ether (250 c.c.) during one hour at 0® ; 
the solution was then stirred for 3 hours and treated with excess of ammonium chloride solution. 
Isolation of the product with ether, drying over anhydrous potassium carbonate, and distillation from 
a trace of potassium carbonate yielded O'iolylpropenylcarhinol (30*5 g.), b. p. 61°/0*001 mm., 1*5392 
(Found : C, 81*2; H, 8*7. C^H^O requires C, 81*45; H, 8*7%). 

o~Methylstyrylmethylcarbinol (11; R s= o-Me). — ^Treatment of the above carbinol (1*5 g.) with 

0 OlM-hydrochloric acid in 60% aqueous dioxan (50 c.c.) for 12 hours at 30® yielded o-methylsiyryU 

methylcarbinol (1*35 g.), b. p. 66®/0*006 mm., n^* 1*5590 (Found : C, 81*75; H, 8*55. CnHi40 requires 
C, 81*45; H, 8*7%). The a-naphthylurethane (0*6 g.), obtained by treating the carbinol (0*33 g.) with 
a-naphthyl isocyanate (0*35 g.), crystallised from petrol (b. p. 80 — 100°) in needles, m. p. 104® (Found : 
C. 79*9; H. 6*5; N, 4*2. requires C, 79*75; H, 6*4; N, 4*2%). 

\-{o-Tolyl)buta-l : S^diene. — o-Tolylpropenylcarbinol (4 g.) was distilled from potassium hydrogen 
sulphate (0*8 g.) at 10-* mm. The diene after fractionation had b. p. 37°/0*01 mm., w}/* 1*6008 (Found : 

C, 91*0; H, 8*5. CuHu requires C, 91*6; H, 8*4%). The maleic anhydride adduct (0*65 g.) was 
obtained by refluxing the diene (0*5 g.) with maleic anhydride (0*25 g.) in benzene (3 c.c.) for 5 minutes. 
It crystallised from petrol (b. p. 80 — 100°) in fine needles, m. p. 92° (Found : C, 73*9; H, 5*8. 
requires C, 74*35; H, 5*3%). 

p-Benzoquinone adduct. A solution of the diene (5*0 g.) and p-benzoquinone (3*5 g.) in benzene 
(15 c.c.) was boiled for a few minutes. On cooling, and evaporation of the solvent under reduced 
pressure, crystals separated Which were washed witSi a little methanol to remove a small amount of 
quinhydrone. Recrystallisation from petrol (b. p. 80 — 100°) afforded pale yellow plates of l-(o-fo/y/)- 

1 \ ^ \ XC-tetrahydronaphthaquinone (3*7 g.), m. p. 93*5° (Found: C, 80*9; H, 6*25. Ci^HigOa 

requires C, 80*95; H, 6*4%). On allowing the quinone (1 g.) to stand overnight with acetic anhydride 
(25 g.) and zinc chloride (0*6 g.) and dilution with water, l-(o-fo/y/)-l : 4:-dihydfonaphthaquinol diacetate 
(1 g.) was obtained ; it crystallised from petrol (b. p. 80 — 100°) or alcohol, and had m. p. 141° (Found : 

C, 74*9; H, 6*1. Cj^HgoOg requires C, 74*9; H, 6*0%). Light absorption in alcohol: Maxima at 
2180, 2650, and 2720 a., « = 25,000, 800, and 720, respectively. 

m-’Tolylpropenylcarbinol (I ; R = m-Me). — Freshly distilled crotonaldehyde (9*5 g.) in ether (50 c.c.) 
was added to w-tolylmagnesium bromide (from Mg, 3*2 g.) during one hour at 0°, and the solution 
stirred for 3 hours. Working up in the usual manner and distillation from a trace of potassium carbonate 
yielded m-tolylpropenylcarbinol (17 g.), b. p. 76°/0*01 mm., 1*5384 (Found : C, 81*8; H, 8*7. 
CjiHigO requires : C, 81*45; H, 8*7%). 

WL’Methylstyrylmethylcarbinol (II; R = w-Me). — Treatment of the above carbinol (1*5 g.) with 
0*0lM-hydrochloric acid in 60% dioxan (50 c.c.) for 24 hours at 30° yielded m-methylstyrylmethylcarbinot 
(1*30 g.), b. p. 69°/0*005 mm.. 1*5608 (Found: C. 81*7; H, 8*65. CnHigO requires C, 81*45; 

H, 8*7%). The a-naphthylurethane crystallised from petrol (b. p. 80 — 100°); m. p. 96° (Found : C, 
79*8; H, 6*6; N, 4*2. CagHgiOaN requires C, 79*75 ; H, 6*4; N, 4*25%). 

olyl)huta-X : S-diene, — m-Tolylpropenylcarbinol (2*5 g.) was distilled from potassium hydrogen 
sulphate (0*25 g.) at 10-* mm. Fractionation of the product from potassium hydrogen sulphate (0*1 g.) 
yielded the diene (1*8 g.). b. p. 80°/0*006 mm., w}?’ 1*5980 (Found : C, 89*5; H, 8*5. CxiH„ requires 
C, 91*6; H, 8*4%). The maleic anhydride adduct was obtained by treating the diene (0*5 g.) with 
maleic anhydride (0*3 g.) in benzene (3 c.c.). Crystallisation from light petroleum (b. p. 60 — 80°) 
yielded the adduct (0*7 g.) in long needles, m. p. 78° (Found : C, 74*35; H, 5*8. CisHiiOa requires 
C, 74*35; H. 5*8%). 

p-Tolylpropenylcarbinol (I; R =p-Me). — Freshly distilled crotonaldehyde (35 g.) in ether (70 c.c.) 
was added to p-tolylmagnesium bromide (from Mg, 12 g.) in ether (300 c.c.) during one hour at 0°, 
and the solution stirred for 3 hours. Isolation of the product in the usual manner afforded p-tolyU 
propenylcarbinol (65 g.), which crystallised from light petroleum (b. p. 40 — 60°) in needles, m. p. 55° 
(Found : C, 81*55; H, 8*65. C11H14O requires C, 81*45; H, 8*7%). 

p-Methyhtyrylmelkylcarbinol (II; R = p-Me). — ^Treatment of the above carbinol (1 g.) with 0*00 1m- 
hyclrochloric acid in 6o% aqueous dioxan (50 c.c.) for 15 hours at 30° yielded p-methylstyrylmethyU 
carbinol (0*86 g.), which crystallised from light petroleum (b. p. 40 — 60°) in needles, m. p. 43° (Found : 

C, 81*3 ; H, 8*55. CxxHi40 requires C, 81*45 ; H, 8*7%). The a-naphthylurethane ctystaXhsed. from petrol 
(b. p. 80 — 100°) in needles, m. p. 135°, or from methanol, m. p. 127° (Found : C, 79*45; H, 6*4; N, 4*05. 
CajHaxOiN requires C, 79*75; H. 6*4; N, 4*25%). 

\-\p-Tolyl)buta-\ : 3-die«^.— p-Tolylpropenylcarbinol (2 g.) was distilled from potassium hydrogen 
sulphate (0*2 g.) at 10”* mm. The diene, b. p. 78°/0*005 mm., solidified at room temperature and 
after crystallisation from aqueous methanol had m. p. 26° (Found : C, 90*6; H, 8*55. CxxHi, requires 
C, 91*6; H, 8*4%). The maleic anhydride adduct was obtained by treating the diene (1*5 g.) wi^ 
maleic anhydride (1 g.) in benzene (10 c.c.). Crystallisation from petrol (b. p. 80—100°) yielded the 
adduct (2*3 g.) in long needles, m. p. 117° (Found: C, 74*6; H, 5*8. Cx5Hx408 requires C, 74*36; 

H, 5*8%). 

p-Benzoquinone adduct. Treatment of the diene (2*2 g.) with p-benzoquinone (1*8 g.) in benzene 
(10 c.c.) afforded p-tolyl-\ : 4 : 9 : lO-tetrahydronaphtka-S : %-quinone (2*8 g.), which crystallised from. 
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petrol (b.^. ^8^100”) in pale yellow plates, m. p. 114° (Found : C, 81-4: H. 6-3. Ci,Hi,0, requires 

p-Fluorophenylpropenylcarbinol (I, R = p~F), — ;^-Bromofluorobenzene (58 g.) (Schieman and 
pilarsky, Ber.t 1931, 64 , 1343) in ether (260 c.c.) was added slowly to a suspension of magnesium (8*0 g.) 
in ether (160 c.c.) containing ethyl bromide (0*6 g.) and stirred for 4 hours in an atmosphere of nitrogen. 
Freshly distilled crotonaldrfiyde (23 g.) in ether (60 c.c.) was added to the ice-cold suspension during 
2 hours, and stirring continue overnight. On working up in the usual manner, p-fluorophenylpropenyl- 
carbinol (37 g.) was obtained, b. p. 6970*001 mm., 1*5176 (Found ; C, 72*2; H, 7*0. C^HiiOF 
requires C, 72*26; H, 6*7%). Active hydrogen (Zerewitinoff) : 1*02. 

p-Fluofostyrylmethylcarbinol (II; R — p-F). — Treatment of the above carbinol (1*6 g.) with 0*01 m- 
hydrochloric acid in 60% aqueous dioxan (60 c.c.) for 36 hours at 30® yielded p’fiuorostyrylmethyl- 
carbinol (1*4 g.), b. p. 78®/0*01 mm., 1*6411, which solidified on standing at room temperature 
and after crystallisation from light petroleum (b. p. 40 — 60°) had m. p. 42° (Found : C, 72*3 ; H, 6*96. 
CioHiiOF requires C, 72*25 ; H, 6*7%). The a-naphthylurethane crystallised from petrol (b. p. 80 — 100°) 
in needles, m. p. 116° (Found: C. 76*5; H, 5*7; N, 4*1. requires C, 76*2; H, 6*4; 

N, 4*2%). 

Fluor ophenyl)buta~\ : %~diene. — ^-Fluorophenylpropenylcarbinol (2*5 g.) was distilled from 
potassium hydrogen sulphate (0*25 g.) at 10”* mm. The product was fractionated from potassiuni 
hydrogen sulphate (0*1 g.) and p-fluorophenylbutadiene (1*7 g.) was obtained, b. p. 37°/0*001 mm., 
1*5788, which solidified on cooling and had m. p. 16 — 16*5° (Found : C, 80*4; H, 6 * 6 . C 10 H 9 F requires 
C, 80*66 ; H, 6*5%). The maleic anhydride adduct (0*25 g.) was obtained by treating the diene (0*18 g.) 
with maleic anhydride ( 0*12 g.) in benzene (5 c.c.). Crystallisation from petrol (b. p. 80 — 100") yielded 
the adduct in needles, m. p. 113° (Found : C, 68*5; H, 4*7. Cj 4 H,i 08 F requires C, 68*3 ; H, 4*6%). 

p-Benzoquinone adduct. The diene (1*2 g.) was treated with ^-benzoquinone (0*67 g.) in benzene 
(5 C.C.). Crystallisation from petrol (b. p. 80 — 100°) afforded \-p~fluorophenyl-\ : 4 : 9 : \0-tetrahydro- 
naphtha-5 : S-quinone (0*93 g.) as very pale yellow needles, m. p. 90° (Found: C, 74 * 8 ; H, 5*3. 
CieHiaOaF requires C, 75*0 H. 6*1%). 


p-Chlorophenylpropenylcarbinol (I; R=^-C1). — ^-Dichlorobenzene (74 g.) in ether (400 c.c) was 
slowly added to a suspension of magnesium (12 g.) in ether (lOO c.c.) containing ethyl bromide (0*6 g.) 
and refluxed for 96 hours. Freshly distilled crotonaldehyde (35 g.) in ether (70 c.c.) was added during 
one hour at 0°, and the solution was stirred for 3 hours. Working up in the usual manner yielded 
unchanged ^-dichlorobenzene (23 g.) and p-chlorophenylpropenylcarhinol (28 g.), b. p, 89°/0*005 mm., 
wfi* 1*5471 (Found: C, 65*9; H, 6*2; Cl, 19*3. CioH,iOCl requires C, 65*7; H, 6*05; Cl, 19*4%). 
Active hydrogen (Zerewitinofl) : 1*02. 

p-Chlorosiyrylmethylcarbinol (II; R =^-Cl). — Treatment of the above carbinol (1 g.) with 0*01 m- 
hydrochloric acid in 60% aqueous dioxan (50 c.c.) for 40 hours at 30° yielded p-chlorostyrylmethyl- 
carbinol (0*87 g.), which separated from light petroleum (b. p. 40 — 60°) in needles, m. p. 63° (Found : 
C, 65*95; H, 6*0. CjoHiiOCl requires C, 65*75; H, 6*1%). a-Naphthylur ethane, (i) A mixture of 
^-chlorostylrylmethylcarbinol (0*5 g.) and a-naphthyl isocyanate (0*5 g.) was kept in a sealed tube for 
5 days. The urethane crystallised from petrol (b. p. 80 — 100°) in needles, m. p. 128° (Found ; C, 71*5 ; 
H, 6*35. CgiHjgOgNCl requires C, 71*6; H, 5*6%). (ii) ^-Chlorophenylpropenylcarbinol (0*5 g.) was 
treated with a-naphthyl isocyanate (0*5 g.). The oily product after one crystallisation from aqueous 
ethanol had m. p. 69°. On successive crystallisations from ethanol and finally petrol, the m. p. rose 
to 128° [undepressed by the product obtained under (i)], and the light absorption maximum, not 
originally present, at 2580 a., c = 30,000 (see Table III), appeared. ^ 

l-(p-Chlorophenyl)huta~\ : Z-diene. — ^-Chlorophenylpropenylcarbinol (2 g.) was distilled from 
potassium hydrogen sulphate (0*6 g.) at 10”* mm., and the j^roduct fractionated. The diene (1*56 g.), 
b, p. 49°/0*002 mm., 1*6202, solidified on cooling and had m. p. 18*6° (Found : Cl, 21*75. C^oHjCl 
requires Cl, 21*56%). The maleic anhydride adduct, obtained by the routine method and crystallised 
from petrol (b. p. 80 — 100°), had m. p. 108° (Found : Cl, 13*3. C 14 H 11 O 3 CI requires Cl, 13*6%). 

p-Benzoquinone adduct. Treatment of the diene ( 1*6 g.) with ^-benzoquinone (1*2 g.) yielded the 
pale yellow adduct, l-p-chlorophenyl-l : 4 : 9 : \^-tetrahydrnnaphtha-5 ; %-quinone (1*8 g.) ; after being 
washed with methanol and crystallised from petrol (b. p. 80 — 100°) it had m. p. 110° (Found : C, 70*35 • 
H, 4*8; Cl, 12*86. CieHisOaCl requires C, 70*45; H, 4*8; Cl, 13*0%). 


p-Bromophenylpropenylcarbinol (I; R = p-Br). — ^/?-Dibromobenzene (60 g.) in ether (150 c.c.) was 
slowly added to a suspension of magnesium (6 g.) in ether (100 c.c.) containing ethyl bromide (0*5 g.) 
and refluxed for 24 hours. Freshly distilled crotonaldehyde (17 g.) in ether (50 c.c.) was added during 
one hour at 0° and the solution was stirred for 3 hours. Working up in the usual manner yielded 
unchanged j&-dibromobenzene (6 g.) and p-bromophenylpropenylcarbinol (26 g.), b. p. 92°/0*002 mm., 
wg’ 1*5739, which solidified on cooling and after crystallisation from light petroleum (b. p. 40 — 60°) 
had m. p. 27° (Found : C. 52*7; H, 5*16; Br, 36*0. CioHnOBr requires C, 62*9; H, 4*9; Br, 35*2%). 

p-Bromostyrylmethylcarbinol (II; R = p-Br). — ^Treatment of the above carbinol (1*5 g.) with 0*1m 
hydrochloric acid in 60% aqueous dioxan (50 c.c.) for 12 hours yielded p-broniostyrylmethylcarbinol 
(1*4 g.) as needles, from light petroleum (b. p. 40 — 60°), m. p. 66° (Found : C, 63*2 ; H, 6*0. CjoHnOBr 
requires C, 62*9; H, 4*9%). The a-naphthylurethane (0*55 g.) crystallised from petrol (b. p. 80 — 100°) 
in needles, m. p. 139° (Found : C, 64*0; H, 4*55; N, 3*86. C^iHigOjNBr requires C, 63*65; H, 4*65; 
N, 3*56%). 

\-(p-Bromophenyl)buta-\ : Z-diene. — ;^-Bromopheny^ropenylcarbinol (2 g.) was distilled from 
potassium hydrogen sulphate (0*6 g.) at 1(H mm. The product was fractionated, giving the diene 
(1*6 g,), b. p. 88°/0*00l mm., which solidified at room temperature, and crystallised from aqueous 
methanol; m. p. 29° (Found : C, 67*06; H, 4*7. CjpHjBr requires C, 67*45; H, 4*35%). The maleic 
anhydride adduct, obtained as usual and crystallised from petrol (b. p. 80 — 100°), formed fine needles, 
m. p. 138*6° (Found : C, 66*0 ; H, 3*66. CuHnOgBr requires C, 64*76 ; H, 3*6%). 

p-Benzoquinone adduct. Treatment of the diene (0*5 g.) with ^-benzoquinone (0*26 g.) in benzene 
(5 c.c.) gave the adduct, \-p-bromophenyl-\ : 4 ; 9 : lO-tetrahydronaphtha-5 : S-quinone (0*46 g.), which 
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crystallised from petrol (b. p. 80 — 100*) in pale yellow rectangular plates, m. p. 105° (Found : C, 60-4; 
H, 3-96. CjeHijOaBr requires C, 60 6 ; H, 4-15%). 

-g^Anisylpropenylcarbinol (I; R = ;^-MeO). — ^/>-Bromoanisole (35 g.) in ether (100 c.c.) was added 
slowly to a suspension of magnesium (4-46 g.) in ether (250 c.c.) containing ethyl bromide (0*5 g.) and 
stirred overnight in an atmosphere of nitrogen. Freshly distilled crotonaldehyde (12 g.) in ether 
(25 c.c.) was added during one hour at 0 ° and the solution was stirred for 3 hours. Working up in the 
usual manner and final distillation torn a trace of potassium carbonate yielded ip-anisylpropenytcarhinol 
(23*6 g.), b. p. 100*/0 005 mm., 1*5454, which partly solidified on standing at 0*; m. p. 13 — 15° 
(Found : C, 74-45; H, 8-0. C 11 H 14 OJ, requires C, 74*15; H, 7*9%). Active hydrogen (Zerewitinoff) : 
J'Ol. 

y-M ethoxy styrylmethylcarhinol (II ; R = ^-MeO). — Treatment of the above carbinol (1 g.) with 
O OOlM-hydrochloric acid in 60% aqueous dioxan (50 c.c.) for 3 hours at 30* yielded ^-methoxystyryl- 
methylcarbinol (0-95 g.), in needles from light petroleum (b. p. 40 — 60°) ; m. p. 79° (Found : C, 73*95; 
H, 7*9. C 11 H 14 O 2 requires C, 74*15; H, 7*9%). Active hydrogen (Zerewitinoff) ; 1*02. The 

a-naphthylur ethane (0*4 g., 0*8 g. respectively) was obtained by warming (i) ^-anisylpropenylcarbinol 
(0-5 g.) and (ii) ^-methoxystyrylmethylcarbinol (0*5 g.) with a-naphthyl isocyanate (0*5 g.), and 
crystallised from petrol (b. p. 80—100°) in needles, m. p. 101° (Found : N, 4*1. CjaHjiOgN requires 
N, 4*05%). 

}~{p-Anisyl)buta-l : 3-diene, — ^-Anisylpropenylcarbinol (1 g.) was warmed with potassium hydrogen 
sulphate at lO-^* mm. for about 5 minutes, and then rapidly distilled. p-Anisylbutadiene (0*7 g.) solidified 
on standing and was crystallised from aqueous methanol, m. p. 46° (Found : C, 82*2 ; H, 7*45. CjiHiaO 
requires C, 82-45; H, 7-55%). Knorr (D.R.-P. 544388; Chem. Abs., 1932, 26 , 2467) gives b. p. 124°/6 
mm. for the diene obtained by dehydration of /)-anisylallylcarbinol. The maleic anhydride adduct 
crystallised from petrol (b. p. 80 — 100°) in fine needles, m. p. 145° (Found : C, 70*0; H, 5*4. C 15 H 14 O 4 

requires C, 69*75; H, 5*45%). 

p-Benzoquinone adduct. Treatment of the diene (0*53 g.) with ^-benzoquinone (0*33 g.) in benzene 
(5 c.c.) yielded l-p-ani^yM : 4 : 9 : l^-tetrakydyonaphthaquinone (0-38 g.), pale yellow plates from petrol 
(b. p. 80-100°); m. p. 103° (Found: C, 76*35; H, 6*0. requires C, 76*05; H, 6*0%). 

Light absorption in w-hexalne : Maxiftia at 2280. 2680, and 3250 a., € — 23,300, 2600, and 230, 
respectively. The absorption may be ascribed to the isomer, l-/>-anisyl-l : 4-dihydronaphtha-5 : 9- 
quinol (needles, m. p. 168°), which is produced on irradiation with ultra-violet light during the absorp- 
tion measurements and separates from the solution on standing or evaporation. 

l-Phenylbuta-i : 3-diene. — Freshly distilled cinnamaldehyde (40 g.) in ether (120 c.c.) was added 
to methylmagnesium iodide (from Mg, 8 g.) in ether (200 c.c.). Decomposition of the complex with 
excess of ammonium chloride solution, isolation with ether, distillation from a trace of potassium 
hydrogen sulphate, and finally fractionation afforded pure phenylbutadiene, b. p. 45°/0*5 mm., wJJ* 
1*6126, which solidified on cooling and had m. p. 4° (Klages, Ber., 1904, 87, 2309, gives b. p. 86 °/ll mm. ; 
Muskat and Herrman, J. Amer. Chem. Soc.^ 1931, 58, 262, give b. p. 86 °/ll mm., 1*5950; Emerson, 
J. Org. Chem., 1945, 10, 464, gives b. p. 89 — 94°/14ram., 1*6010). The low refractive indices recorded 

by these authors are probably due to the presence of considerable proportions of undehydrated styryl- 
methylcarbinol or of i)olymers of the diene (cf. Stobbe and Reiss, Ber., 1912, 45, 3496; Wright, J. Org. 
Chem., 1936, 1 , 457). Light absorption : see Table IV (Stobbe and Reiss, loc. cit., and Smakula, Angew. 
Chem., 1934, 47, 657, give maximum at 2800 a., c — 24,000). The maleic anhydride adduct, crystallised 
from petrol (b. p. 80-— 100°), had m. p, 120° (Diels and Alder, Ber., 1929, 62 , 2081, give m. p. 120°). 

prBenzoquinone adduct. Phenylbutadiene (2 g.) was treated with ^-benzoquinone (2 g.) in benzene 
(20 C.C.), and the solution boiled for some minutes. On cooling and evaporation of the solvent under 
reduced pressure, crystals separated, which were washed with methanol to remove a small amount 
of quinhydrone. Phenyl-l : 4 : 9 : \^-tetrahydronaphiha-f* : %-quinone (2*25 g.) crystallised from petrol 
(b. p. 80 — 100°) in pale yellow rectangular plates, m. p. 101 ° (Found: C, 80-7; H, 6*9. CieHi 402 
requires C, 80*65; H, 6*9%). 

Styrylmethylcarbinol a-naphthylur ethane. Prepared from styrylmethylcarbinol (Braude, Jones, and 
Stern, J., 1946, 396) (0*6 g.) and a-naphtl^l isocyanate (0*5 g.), the urethane crystallised from petrol 
(b. p. 80—100°) in needles, m. p. 89*5° (Found: C, 79*25; H, 6 - 1 ; N, 4*2. CoiH^OoN requires C, 
79-45; H, 6*05; N, 4 * 4 %). 

Imperial College of Science and Technology, 

London, S.W.7. \Received, November 2^th, 1946], 


206. The Kinetics of Anionotropic Rearrangement. Part VI. The 
Effects of Methyl, M ethoxy-, and Halogen Substituents attached to a 
Phenyl Group. 


By Ernest A. Braude and E. S. Stern. 

The kinetics of the acid-catalysed oxotropy of substituted phenylpropenylcarbinols to the 

corresponding styrylmethylcarbinols (p. 1097, I >“n) have been studied. The effects of 

nuclear substituents in this molecular rearrangement are in accord with those observed in 
substitution reactions and in the dissociation constants of substituted benzoic acids. The 
reaction is facilitated by methyl and methoxyl substituents, and retarded by halogen sub- 
stituents, first-order rate constants at one temperature vaiying in the order p-Br < ^-Cl < p-F 
<H <m-Me <o-Me < />-Me < />-MeO. The differences in the rate constants are due to small 
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changes both in the isodielectric energy of activation and in the non-exponential factor of the 
Arrhenius equation. The results are discussed in terms of the electronic effects of the sub- 
stituent groups and the unexpected sequence previously noted by other authors of tautomeric 
effects decreasing in the order F> Cl> Br. is confirmed. 

In previous papers in this series, detailed investigations have been described of rearrangements 
of the type where X is an acetylenic, ethylenic, or phenyl group. A reaction mechanism has 

X-C(OH)-C=C — X-C=C-C*OH 

been outlined which accounts for the kinetic features of the reaction and their dependence on 
medium composition The effects of many aliphatic substituents have been examined and found 
to be those expected for a reaction requiring electron accession at the point of reaction. It 
appeared worth while to extend this work to a study of the effects of aromatic substituents, 
data for which have hitherto been largely derived from substitution reactions and dissociation 
constants. 

It was shown in Part V (/., 1946, 396) that the rearrangement of phenylpropenylcarbinol 
(I, R = H) to styrylmethylcarbinol (II, R = H) proceeds smoothly in aqueous dioxan in the 
presence of hydrochloric acid, that the reaction follows the first-order law, and that the rate 
constants are practically independent of the carbinol concentration, roughly proportional to 
the acid concentration (cj) when ^;^^0*1 m, and decreased by increasing dioxan concentration 
(Ca) when *‘^80% v/v. The same characteristics apply to the rearrangements of substituted 

(I.) C«H 4 R-CH(OH)-CH:CHMe ^ CeH 4 R*CH:CH*CH(OH)Me (II.) 

phenylpropenylcarbinols (I) where R = o-Me, m-Me, p-Me,*p-F, p-Cl, p-Br, and ^-MeO (Tables 
I, II, and III). The rate constants determined at intervals between 30° and 60° accurately 
obey the Arrhenius equation. 

It was previously observed (Part V, loc. cit) that in the rearrangements of phenylvin^d- 
and phenylpropenyl-carbinols, the highest extinction coefficients reached in kinetic runs were 
lower by some 3 — 8% than those of the pure styryl isomers isolated from the reaction mixture, 
and it was suggested that the formation of stereoisomers or the establishment of equilibria at 
92 — 97% rearrangement was among the more likely explanations of the discrepancies. With 

Table I. 

The effect of carhinol concentration. 

First-order rate constants (lO^A, min “^) for the rearrangement of CeH 4 R’CH(OH)*CHICHMe in 60% 
(by vol.) aqueous dioxan at 30*0°. Ceoh == carbinol concentration (% w/v) ; Ca — hydrochloric acid 
concentration (mols./l ). 


R 

H. 

/>-Me. 


/>-MeO. 

^ROH- 

Ca — OOlM. 

Ca — 0-001 M. 

Ca ^ 0-0 1m. 

Ca = 0-0001 M. 

0020 

186 

154 

40-0 

179 

010 

184 

161 

40-8 

185 

0-600 

180 

157 

36-2 

177 


Table II. 

The effect of acid concentration. 

First-order rate constants for the rearrangement of C 4 H 4 R’CH(OH)‘CHICH]Me in 60% (by vol.) 
aqueous dioxan at 30*0°. Ca — hydrochloric acid concentration (mols./l.). 


Ca- 

10*^ (min.-'). 

hjCA. 

Ca- 

10* A (min.-'). 

hjCA. 


11 

X 



R = ^-F. 


0-002 

34-7 

1-74 

0-002 

29-9 

1-50 

0-01 

184 

1-84 

0-01 

146 

1-46 

0-1 

1760 

1-76 

0-1 

1520 

1-52 


R = /»-Me. 



11 

1 

O 


O-OOOI 

16-0 

15-0 

0-001 

4-34 

0-434 

0-001 

161 

16-1 

O-Ol 

40-8 

0-410 

0-01 

1640 

16-4 

0-1 

432 

0-432 


R = p-UeO. 



R = ^-Br. 


0-0001 

186 

186 

0-001 

3-40 

0-340 

0-001 

1890 

189 

0-01 

35-2 

0-352 

0-002 

3660 

183 

0-1 

366 

0-365 
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Table III. 

Temperature and solvent effects. 

First-order rate constants (10*A, for the rearrangement of C 4 H 4 R*CH(OH)*CH!CH*CH,. 

Carbinol concentration 0*1% (w/v) throughout. Ca = Hydrochloric acid concentration (mols./l.). 
cn = Dioxan concentration (% v/v). 



R 

= H. 

o-Me. 

m-Me, 

p-Me. 

p-T. 

/)-Cl. 

P’Bt. 

^-MeO. 

/. 

CS‘ O 

= 001 

0001 

0 001 

0001 

001 

001 

001 

0*0001 

o 

6 

o 

40 

25-5 

517 

2-96 

22-9 

19-2 

4-60 

3*59 

177 


60 

5-40 

M8 

0*56 

3-98 

3*62 

0-83 

0-75 

31*5 

300 

40 

716 

139 

80-9 

406 

580 

135 

127 

647 


60 

184 

35-9 

21*7 

161 

146 

40*8 

35*2 

185 

400 

40 

1,890 

382 

163 

1,300 

1550 

436 

364 

1340 


60 

545 

127 

62-7 

414 

401 

99*8 

94*5 

521 

600 

40 

4,500 

840 

408 

3,060 

3900 

1070 

865 

2960 


60 

1,510 

281 

195 

1,080 

1200 

302 

272 

1290 

600 

40 

11,700 

2350 

1380 

10,200 

9390 

2770 

2350 

5930 


60 

3,650 

910 

571 

2,900 

2902 

908 

778 

2780 


the substituted phenylpropenylcarbinols, the ratios of kinetic ” to preparative " end- 
values vary from 0*87 to 0*97, and are again temperature-independent within the experimental 
error 0-^:2%) {see Experimental). Now, since the type and number of bonds broken and 
formed in the reaction is otherwise equal and opposite, the heat of reaction should be of the 
same order as the additional resonance energy of the conjugated (styryl) system, i.e, ca, 5 kg.- 
cals./mol. (Pauling and Sherman, J, Chem. Physics, 1933, 1, 606; Kistiakowsky, Ruhoff, 
Smith, and Vaughan, J. Amer. Chem, Soc,, 1936, 58, 146). This corresponds to an approxi- 
mately two-fold change in the equilibrium constant for a temperature change from 30° to 60°, 
and to a change in conversion from 95 to 90%, i.e,, only just more than the limit of experimental 
error. The present data are thus indecisive. If equilibrium formation does take place, the 
over-all rate constants k actually represent the sum (^i -f ^-i) of the rate constants of the 

forward and backward reactions ROH R'OH, but the values of will only be 3 — 13% 

lower than those of k, and the values of the Arrhenius parameters will hardly be affected. 

It was pointed out in Part II (/., 1944, 443) that two types of solvent effect may be dis- 
tinguished in considering the dependence of the rate constants, energies of activation, etc,, 
of a catalysed reaction on the reaction medium. Those directly affecting the reactants were 
termed primary solvent effects, while those resulting in the first place in a change in the catalytic 
properties, such as the proton-donating properties, of the medium were termed secondary 
solvent effects. Evidence was adduced for both types of effects in oxotropic rearrangements. 

It was shown that in the rearrangement of propenylethynylcarbinol in aqueous ethanol 
the decrease in rate constant with mcreasing concentration of organic solvent (c^) could be 
expressed in the form log k = mD -f- n where D is the dielectric constant, and m and n are 
constants and c^^80%. This was interpreted mainly as a secondary solvent effect, the 
decrease in dielectric constant resulting in a decrease in the proton-donating properties of the 
medium. It was further shown that on this basis a correction could be applied to the Arrhenius 
energy of activation to allow for the change in dielectric constant of the medium with tem- 
perature, the isodiclectric energy of activation being given by E^dj == E^rr. -f RTfT^mb where 
Ti, Tg are the limits of the temperature range investigated, and 5 is a constant defined by 
D = a -f- 6/, t being the temperature in °c. Whereas E^n-. varied considerably with solvent 
composition, Ej^^ was independent of it within the limits of experimental error. Similar 
observ’ations were made (Part V, loc, cit.) with the rearrangement of phenylpropenylcarbinol 
in aqueous ethanol and aqueous dioxan, though in the latter case was ca, 4 kg.-cals./mol. 
lower than in the former, the difference being ascribed to a primary solvent effect, namely, 
increased solvation of the carbinol group by the dioxan. 

The independence of of medium composition thus applies only as long as there is no 
appreciable change in solvating properties. Independent evidence for the occurrence of primary 
solvent effects was provided by the small but definite variations in the slope of the log 
and log k-Cg plots with different substituted ethylenic and acetylenic carbinols (Parts III and 
IV, J,, 1946, 122, 128). These variations are presumably due to small differences in the extent 
of solvation of the carbinols by the solvent. If secondary solvent effects alone came into play, 
these slopes should be the same for different compounds undergoing the same reaction by 
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identical mechanisms. The data now obtained for substituted phenylpropenylcarbinols also 
indicate the occurrence of both primary and secondary solvent effects. 

Specific ♦ and relative rate constants, dielectric constant effects (expressed as m, the slope 
of the rate constant-dielectric constant plot), Arrhenius and isodielectric energies of activation, 
and reaction constants A (defined by kjcj^ = •)* are given in Table IV; m varies 

somewhat for different carbinols, being lower when R = Me or MeO, and higher when R == 
Halogen, as compared with R = H (see I). But whereas values of for any one carbinol 
are higher by 2 — 3 kg.-cals./mol. for 60% as compared with 40% aqueous dioxan, the correspond- 
ing values of differ by not more than 0*4 kg.-cal./mol. in seven cases, and by 0*9 kg.- 
cal./mol. when R = ^-MeO. Within the range examined, the energy of activation is thus again 
independent, or nearly so, of the composition and hence of the dielectric constant of the medium, 
when allowance is made for the different temperature coefficients of the dielectric constants of 
different media. 

Table IV. 


Specific and relative rate constants, Arrhenius parameters, and isodielectric energies of activation 
for the rearrangement of CeH 4 R*CH(OH)*CHICHMe in aqueous dioxan (percentage of dioxan given in 
parentheses), r == Rate constant relative to phenylpropenylcarbinol (R = H). 


R. 

kjcA for O-OOlM-HCl, 
(60%). 30 0°. 

m. 

EKrr.. 

(40%). 

(60%). 

Ejd). 

(40o/o). 

Eid]* 

(60%). 

log J 
(60O/J. 

r. 

lO’R.* 

H 

T79 

0-033 

18-2 

19-5 

20-7 

20-6 

13-3 

1 

6-3 

o-Me 

3*59 

0-032 

18-2 

19-5 

20-7 

20-6 

13-6 

2-0 

12-3 

m-Me 

217 

0-028 

18-8 

20-4 

21-0 

21-4 

14-0 

1-2 

5-4 

/>-Me 

16] 

0-033 

18-1 

19-6 

20-7 

20-7 

14-4 

9-0 

4-2 

p-F 

loO 

0-036 

17-7 

19-4 

20-5 

20-7 

13-4 

0-84 

7-2 

p-Cl 

0-434 

0-036 

19-6 

20-3 

22-2 

21-6 

13-4 

0-24 

10-6 

/)-Br 

0-340 

0-034 

19-3 

20-4 

21-9 

21-6 

13*3 

0-19 

10-7 

p-MeO 

189 

0-029 

15-7 

17 9 

18-0 

18-9 

14-1 

105 

3-4 


♦ Dissociation constants of CeHiR'COgH in water at 25° (Dippy, Chem. Reviews, 1939, 25, 206). 


Regarding the correlation of rate constants, energies of activation, and reaction constants 
with substituents, this may be summarised as follows : (i) The rate constants are increased 
by methyl substituents in the order H <m-Me <(>-Me </>-Me, strongly increased by a ^-MeO 
group, and decreased by ^-halogen substituents in the order H > p-E > ^-Cl > ^-Br. (ii) 
Isodielectric energies of activation are constant at 20*6 (iO*!) kg.-cals./mol. when R = H, 
o-Me, j^-Me or ^-F, slightly increased (by 0*3 — 1*5 kg.-cals./mol.) when R = m-Me, p-C\ or 
/?-Br and decreased (by 2 kg.-cals./mol.) when R = ^-MeO. (iii) Reaction constants (A) are 
constant at 13*4 (±0*1) sec."^ when R — H or Halogen, and slightly increased by R = Me in 
the order o-Me< w-Me< /?-Me, and by R = MeO. 

In aqueous-ethanolic media, the first-order law is obeyed when R = H, ;/?-Me, p-¥, or 
j!>-MeO, but with the ;^-Cl and ^-Br substituted carbinols the first-order rate constants fall as the 
reaction proceeds (see Experimental) in a manner reminiscent of that previously observed with 
phenylvinylcarbinol (Part V, loc, cit.) and shown there to be due to etherification occurring 
before, as well as simultaneously with, rearrangement. 

Experimental. 

Materials . — The preparation and properties of the phenyIpro}>enylcarbinols and of their styryl 
isomers are described in the preceding paper. Dioxan was purified by the method of Hesse and Frahm 
(Ber., 1938, 71 , 2629). 

Kinetic Measurements . — The technique was the same as described in Part V (loc. cit.) and preceding 
papers. Initial and end values are given as Ei^m. [= log (IJJ)lcl, where /q — intensity of incident 
light, I = intensity of transmitted light, c = concentration in % wjv, I — cell length in cm.] (Table V). 

Typical runs for each carbinol, in aqueous dioxan and ethanol media, are reproduced below'. The 
first-order rate constants (k) are calculated by ^ — (i’Z/z) log [(a — x^l(a — x)], w'here z = time in 

* Since k is not directly proportional to when Cj, > 0*1m in the present reaction, the specific rate 
constants (kjc^ are not equal to k when ca = 1m. Nevertheless for puiposes of comparison of different 
series, specific rate constants are obviously preferable to A’s at an arbitrary acid concentration. The 
values given in Parts III and IV (J„ 1946, 122, 128, Tables III, cols. 1) for the rearrangement of acetyl- 
enyl- and vinyl-carbinols should be divided by 10’ to convert them into kJcA. Although these measure- 
ments refer to 60% aqueous ethanol media, the specific constants are then comparable to the present 
ones, since rate constants in 60% dioxan and ethanol are not appreciably different (see below and 
Part V, loc, cit.), 

t In a catalysed reaction, A depends on the catalyst concentration, and the choice of the latter is 
arbitrary. For purposes of standardisation it appears preferable to base A on the specific rate constant 
kicjt* The values given in Parts III and IV [locc. cit., cols. 3) should accordingly be increased by TO. 
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Table V. 


R. 


Initial 

“ kinetic.* 

Final 

* ‘‘preparative.*' 

Ratio 

(col. 4/col. 5). 

H 

2510 

20 

1260 

1300 

0*97 

(?-Me 

2550 

35 

900 

990 

0*91 

m-Me 

2550 

250 

1030 

1080 

0*95 

^-Me 

2550 

20 

1300 

1340 

0*97 

p-F 

2480 

90 

1170 

1260 

0*93 

p-Cl 

2560 

130 

1100 

1270 

0*87 

p-Bt 

2580 

60 

990 

1120 

0*87 

p-UtO 

2610 

120 

1300 

1400 

0*93 


minutes, ;r<,= absorption intensity at ^ = 0, ^ = absorption intensity at z mins., and a ~ final absorption 
intensity, intensities being expressed as at the wave-length of the maximum chosen. In the 

rearrangement of />-chloro- and />-bromo-phenylpropenylcarbmol in 80% aqueous ethanol, the rate 
constants clearly fall as the reaction proceeds, and are extrapolated to zero time. In all other runs, the 
maximum deviation allowed in individual was ±6%. The maximum error in averaged ^'s should 
not exceed ±2%. 


Rearrangements o/C,H 4 R-CH(OH)*CHICHMe in 60% {by vol.) aqueous dioxan, hydrochloric acid at 
30 0®. [cboh = carbinol concentration (% w/v), Ca = acid concentration (mol. /I.).] 


(i) R = o-Me. ~ O’l, Ca — 0*001. 


Time (mins.) 


0 

60 

105 

159 

1440 


£im.(2560A.) .... 


35 

205 

305 

410 

900 


10*^ (min.~^) 


— 

365 

36-6 

36*7 

— 

(Mean) 35*9 

(ii) R = m-Me. 


= 01, Ci = O OOl. 





Time (mins.) 


0 

90 

150 

210 

1440 


£}L.(2650a.) .... 


260 

390 

470 

530 

1030 


10*^ (min.-i) 


..., — 

22*0 

22*0 

21*1 

— 

(Mean) 21*7 

(iii) R = p-Me. 

croh =*0*1, Ca ^ 0*001, 





Time (mins.) 

0 

30 

50 

70 

90 

600 


(2660 a.) ... 

20 

500 

740 

880 

1000 

1300 


10*fe (min.-*) 

— 

157 

165 

159 

162 

— 

(Mean) 161 

(iv) R « P-F. 

ceoh == 

0*1, = 0*01. 






Time (mins.) 

0 

20 

40 

60 

79 

600 


™. (2480 A.) ... 

90 

370 

570 

710 

830 

1170 


10** (min.-*) 

— 

150 

147 

142 

145 

— 

(Mean) U6 

(v) R = p-Cl 

tKOH — 

01, Ca = 0 01. 






Time (mins.) 

0 

60 

120 

180 

240 

1440 


£i^(2660a.) ... 

130 

340 

500 

630 

750 

1100 


10** (min.-*) 

— 

40*6 

40*8 

40*3 

41*4 

— 

(Mean) 40-8 

(vi) R — p-Br. 

^aoH = 

= 01, Ca = 0 01. 






Time (mins.) 

0 

68 

98 

142 

201 

1440 


Eicm. (2680 A.) ... 

60 

190 

276 

360 

470 

990 


I0*k (min.~^) 

— 

27*7 

27*9 

28*1 

29*4 

— 

(Mean) 28-3 

(vii) R = ^-MeO. crou ~ 0*1, == 0*001, 





Time (mins.) 

0 

2 

3*5 

5 

6*5 

30 


El™. (2610 A.) ... 

120 

480 

680 

860 

960 

1300 


10*A; (min.-i) 

— 

1820 

1840 

1970 

1910 

— 

(Mean) 1890 


Rearrangements o/ C 4 H 4 R*CH(OH)‘CHXHMe in 80% (by voL) aqueous ethanol, hydrochloric acid at 
SO-O®, except (v). [^^boh and ca as above.] 


(i) R 5= ^-Me. <^BOH = 0*1, Ca == 0*002. 

Time (mins.) 0 4 8 12 16 360 

£i™. (2650 a.) ... 20 460 720 920 1040 1300 

10** (min.-*) — 1030 990 1010 1000 — (Mean) 1000 

(ii) R = p-V, cboh = 0*2, Ca = 0*02. 

Time (mins.) 0 1 2 3 4 5 120 

£ira.(2480A.) 90 196 290 390 470 626 1200 

10*ft (min.-*) — 1020 1020 1080 1080 1030 — (Mean) 1030 



[ 1947 ] The Kindics of Anionotropic Rearrangement. Part VI. 1101 


(iii) R =® Cjion = 0*1, = 0*02. 

Time (mins,) 0 6 12 15 18 21 24 27 600 

(2660 a.) 130 340 470 530 570 600 625 655 1100 

10*A(mm“^) 450* 406 369 354 335 308 297 288 — 

(iv) R = ^roh = 0*2, Cj == 0*02. 

Time (mins.) 0 6 10 15 20 25 30 1440 

(2580 A.) 80 220 350 450 525 590 630 990 

lO^yfe (min.“i) 420 * 400 385 357 376 340 320 — 

(v) R =;= />-MeO. Croh = 0*2, Ca = 0 001, / = 30 0 . 

Time (mins.) 0 2 3 4 5 6 7 8 120 

(2610 a.) ... 120 360 475 550 630 700 780 840 1300 

10«/f (min.-i) — 1140 1180 1130 1120 1130 1170 1180 — (Mean) 1150 

* Extrapolated. 


Discussion. 

With regard to the reaction mechanism, this is clearly the same throughout the series, 
since such characteristics as reaction order, dependence of the rate constants on carbinol, 
acid, and solvent concentrations, and the independence of the isodielectric energies of activation 
of solvent composition are the same in each case. The interpretation of substituent effects 
can therefore be based on the mechanism already outlined and discussed for the rearrangement 
of the parent compound, phenylpropenylcarbinol (Part V, loc. cit)* 

Table IV shows that the differences in the rate constants are due to variations in both the 
energy of activation and the non-exponential factor A of the Arrhenius equation. Except 
with the ^-methoxy-compound, however, where is distinctly lower, while A is only slightly 
higher than for phenylpropenylcarbinol, these variations are only small and mostly entail 
differences of the same order of magnitude as the experimental error. In view of this fact, 
only tentative conclusions can be based on such regularities as can be discerned, and it will be 
preferable at this stage of the investigation to limit the discussion mainly to a consideration 
of the changes in the relative rate constants brought about by substituents. 

Ingold’s classification (/,, 1933, 1120; Chem. Reviews, 1934, 15, 233; see also Baker, 
Tautomerism,” Routledge, London, 1934; Remick, ’'Electronic Interpretation of Organic 
Chemistry,” Wiley, New York, 1943) of substituent effects, which is now* generally accepted, 
recognises two principal types : (i) the general inductive (/) and (ii) the tautomeric effect (T). 
The former depends on the capacity of the atom or group to attract or repel electrons and is 
mainly electrostatic in origin, I being negative with respect to hydrogen (electron-attraction) 
when the electronegativity of the substituent is greater than that of hydrogen, i.e., when 
positive (electron-repulsion) when <-^h- The tautomeric effect, on the other 
hand, depends on the capacity of a substituent to share an additional electron pair, i.e., on its 
capacity 4or covalency increase or decrease, and on its capacity to favour resonance forms of 
the type R+— A — B“ or R“— A — B+ in systems classically represented by R — ^A— B. In the 
case of alkyl groups, the central atom carries no unshared electron-pair and their tautomeric 
effect must be ascribed to no-bond resonance in the C — H links, i.e., contributions from 
C — C"’ to systems classically represented by H — C — C— C (Baker, /., 1939, 1160). 

In the mechanism proposed for the present reaction, both steps require electron accession 
at the point of reaction and k should therefore be increased by -f-/ and -j-T effects and retarded 
by — / effects. This has been shown to be the case for alkyl and alkenyl substituents attached 
to the aliphatic part of the molecule (Parts III, IV, and V, locc. cit.). Similarly, the present 
data for the three tolylpropenylcarbinols are in accordance with expectations, the accelerating 
effect of the methyl substituent being least in the w-position (-f / effect only) and larger in the 
0 - and ;^-positions (+^ and -f T effects). The fact that the increase in k due to an o-methyl 
group is less than that of a />-methyl group, although the and probably the -f T effect 
should be greater for the former, provides yet another example of the well-known ” ortho ”- 
effect : the decrease in planarity due to the ortho-substituent inhibits the transmission of the 
T effect. However, even the ” true ” -f T effect is unlikely to be much larger in the ortho- 

* The kinetic criterion given in Part V {loc. cit., p. 403, lines 42 and 43) is erroneous. A valid 

slow fast fast 

criterion for the distinction between ROH + H+ — ^ ROH 2 + — >-R'OHo+, and ROH -f H+ — >-ROH 2 + 
slow 

— > R'OH,+ was correctly stated in Part II (/., 1944, 443) and depends on the linear relation between 
log h and the acidity function Hq, rather than between log k and ca. 
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than in the ^am-position, and the roughly tenfold increase in k due to a methyl substituent in 
the phenyl ring may be compared with its much larger effect when attached to the ethylenic 
double bond. Thus phenylpropenylcarbinol rearranges about 500 times faster than phenyl- 
vinylcarbinol under identical conditions (Part V, loc. cit.). This large difference is to be ascrit^ 
to the fact that the double-bond electron-pair moves towards the (electron-repelling) methyl 
substituent in one case, and away from it in the other, as well as possibly to a greater polaris- 
ability (allowing a readier transmission of the + T effect) of the ethylenic double bond as com- 
pared with the aromatic system. 

A ^-MeO group also has the expected accelerating influence owing to its large -fT effect, 
but with the halogeno-carbinols the results are not entirely those to be anticipated from 
a pylori considerations. The —/ effect should lead to reduction in the rate constant and to the 
sequence F< Cl <Br <H, since the electronegativity differences are in this order (F 4*0, 
Cl 3*0, Br 2*8, H 2*1; Pauling, Nature of the Chemical Bond,” Cornell, 1940). The -{-T 
effect should counteract this diminution, but since it should be largest for Br and least for F 
and since it is smaller than the — / effect, the actual sequence F<Cl<Br<H should 
remain unaltered. The observed sequence is the reverse, i.e., Br< Cl< F< H, which means 
that the -f T effects vary in the order F > Cl > Br and not F <C1 < Br. This is unexpected, 
since the control of the nucleus over the valency electrons should decrease, and the capacity 
for covalency increase on ascending a group of the periodic table. Similar results indicating 
a reversed sequence of the tautomeric effects in the halogens have been observed in several 
other cases (Shoppee, 1933, 696; Baddeley, Bennett, et al., /., 1933, 261, 1112; 1936, 
1827). It must be emphasised, however, that this interpretation is based on the tacit assump- 
tion that the rate constants as such, rather than the energies of activation and reaction constants 
separately, represent an adequate and additive measure of I and T effects. 

It is noteworthy that the /?-methoxyl substituent, which is the only one producing a large 
[i.e,, over 100-fold) change in rate, results in pronounced lowering of the energy of activation 
(AE[i,j = ca, 2 kg.-cals.), just as the 600-fold increase in rate due to the p-methyl group in 
phenylpropenyl- as compared with phenylvinyl-carbinol is accompanied by a large decrease 
in Ejtjj of ca. 6 kg.-cals. /mol. (Part V, loc. cit.). The data for the rearrangements of acetylenyl- 
and vinyl-carbinols (Parts III and IV, locc. cit.) also bear out that, on the whole, an increase 
in rate is accompanied by a decrease in the energy of activation,* and that large changes in 
rate depend on large changes in the energy of activation rather than log A. This is readily 
interpreted as indicating that although the effect of substituents is exerted to a small extent 
by changes in the equilibrium constant of the preceding proton-transfer equilibrium, ROH -f 
H’*' ROHg'*’, their main effect lies in altering the energy requirements of the rate-deter- 
mining isomerisation ROHg'^ — y R'CHg"**. An electron-repelling substituent increases the 
electron-density at the point of reaction, through increased contribution from resonance forms 
such as (IV), thereby partly neutralises the positive charge at the reaction centre, and decreases 
the energy of separation of the carbonium ion and the dipolar water molecule. The existence 
of extended conjugation in the resonance form of the oxonium ions of phenylpropenylcarbinols 
may also explain why substituents exerting -f T effects enhance the tendency for equilibrium 
formation : rearrangement to the styryl isomer results in increased conjugation, and hence, 
lowering in potential energy, only in the ” ordinaiy^ ” form (III), but not in the resonance 
form (IV). 


R— 

(III.) 


'V-CH-CH=CHMe 

Hi 


R= 




CH— CH=:CHMe 


W 


(IV.) 


From a qualitative study of the rearrangement-acetylation of ^-methylstyrylphenyl- and 
^-chlorostyrylphenyl-carbinols, and of ^-tolyl- and />-chlorophenyl-vinylcarbmols. Burton and 
Ingold (/., 1928, 904) and Burton (/., 1928, 1660) concluded that the reaction is facilitated in the 
order /)-Cl*CgH 4 > > Ph , and that this was the expected order of reactivity. However, 

since the mechanism postulated by these authors, though different from the one adopted here, also 
requires electron-accession at the point of reaction, and since the* overall electron-attracting 
effect of the halogens (— / > -f- T) is well known from aromatic substitution and other reactivity 

♦ This conclusion was not drawn in the two papers referred to and only holds if the uncertain values 
of E (marked '--') for a few of the carbinols are disregarded. It now appears probable that the 
possibility, already envisaged in Part III, of equilibria being set up in these cases does apply, and that 
the E values derived from the temperature coeflicients of the over-all rate constants do not represent 
real energies of activation in these cases. 
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data, this expectation is clearly incorrect, and the expected sequence should be Me'CgH 4 > Ph > 
C1*C4H4 as confirmed by the present data. Moreover, inspection of the experimental results 
of Burton and Ingold also appears to indicate this sequence of reactivity and not the one 
deduced by their authors. Thus phenylvinyl- and m- and /)-tolylvinyl-carbinols are stated to 
be converted completely into the corresponding styrylcarbinyl acetates by treatment with boiling 
acetic anhydride for six hours, while identical treatment of ^-chlorophenylcarbinol is stated 
to lead to a mixture containing only ca, 70% of the rearranged acetate. It may well be that 
the probable equilibrium formation in the rearrangements of />-chloro- and ^-bromo-phenyl- 
propenylcarbinols (see above) is enhanced in the less reactive phenylvinyl homologues. 

The electron-attracting effect of the chloro- and bromo-substituents is also well illustrated 
by the fact that they appear to facilitatfe ether formation in ethanolic acid solution sufficiently 
for it to occur before rearrangement ; with a fluoro-substituent the effect is not sufficiently 
great to lead to a falling first-order constant. Unlike the rearrangement reaction, which de- 
pends on the fission of the carbon-oxygen bond and electron accession at the point of reaction. 



0-5 I'O ^ /'5 Z’O 

loqUO^K). 


k = Rate constant of 

K — Dissociation constant of R'COjH (see Table I F) . 

ether formation probably depends on the bimolecular fission of the hydrogen-oxygen bond, i.e., 
on electron recession at the point of reaction. 

Rearrangement : ROH + H+ ROH 2 + — > [RpOH 2 ]+ — R'OH 2 + 

Etherification : Tjr\_'TT ROEt 

ROH-fEtOH2+-->^S^;« > -f 

Et|~OH2+ H3O+ 

The ease of etherification of phenylvinylcarbinol (Part V, loc. cit.) is similarly to be ascribed to 
the strong electron-attraction (— / effect) of the free vinyl group; in phenylpropenylcarbinol 
this is counteracted by the clectron-repelhng (+ J, +r) effects of the p-methyl group and no 
etherification occurs prior to rearrangement. 

Some correlation might again be expected betv^een the specific rate constants of the carbinols 
and the dissociation constants (K) of the corresponding benzoic acids (cf. Parts IV and V, 
locc, cit). The plot of log kjcj^ against log K does in fact approximate to a straight line (Table 
IV; Fig.), except when R = o-Me. This is another instance of the ** ortho ” -effect (cf. 
Hammett, ** Physical Organic Chemistry,” McGraw Hill, New York, 1941). The point for 
vinylpropenylcarbinol (Part IV, loc. cit.) also falls on the straight line, but the points for ethynyl- 
propenyl- and hexynylpropenyl-carbinols do not, and thus both the acetylenic groups and not 
the eth 3 myl group only, as previously thought, behave differently in this respect from the other 
groups so far examined. 
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The authors of this and the preceding paper are indebted to Professor Sir Ian Heilbron, D.S.O., 
F.R.S., for his interest, to the Rockefeller Foundation for financial assistance, and to the Chemical Society 
for a grant. 

Imperial College of Science and Technology, 

London, S.W.7. [Received, November 26f/i, 1946.] 


207 . Studies in Light Absorption. Part IV. Nitro-olefins. 

B}' Ernkst a. Braude, E. R. H. Jones, and G. G. Rose. 

The ultra-violet light absorption of a number of compounds containing the conjugated 
chromophoric systems CIC*X, C.C«CIC*X, and Ph*CX*X where X = NOg has been examined, 
and found to be similar to that of the corresponding systems where X == C\C, CIN, CIO, etc. 

It is well known that chromophoric systems of the type CIC*X, where X is a covalently 
unsaturated group such as ClC, CIN, or CIO, all exhibit selective high-intensity absorption in 
the 2200 a. region (cf. Braude, Ann. Reports, 1945, 42, 105). The spectral properties of nitro- 
olefins (X = NOa) ha\'e not hitherto been recorded. Since the conjugating properties of the 
nitro-group when attached to a phenyl group are known to resemble those of other covalently 
unsaturated groups (e.g., nitrobenzene, styrene, benzaldehyde, and its iV-methylimide all 



exhibit similar ultra-violet light absorption due to the chromophoric system Ph*X), the 

nitro-olefin system would also be expected to absorb intensely in the 2200 a. 

region. Data for a number of representative compounds (Table; Fig.) show that this 
expectation is fulfilled, but the maxima are situated at somewhat longer wave-lengths than 

in the formally related CIC*C,0 and systems. 

Although an isolated nitro-group, just as a carbonyl group, gives rise to a low-intensity 
band near 2700 a. (Zelinsky and Rosanoff, Z, physikal. Chem., 1912, 78, 629; Goodeve, 
Trans. Faraday Soc., 1934, SO, 504; Kortfim, Z. physikal. Chem., 1939, B, 48, 271), nitro- 
olefins exhibit no band corresponding to the displaced carbonyl band at 3200 a. shown by 
ap-ethylenic carbonyl compounds. The solvent effects in the two systems are similar, 
(ethanol) being higher than (^-hexane) by an average of ca. 100 a. with the nitro-olefins* 
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and by ca, 70 a. with ap-ethylenic carbonyl compounds (Woodward, J, Amer. Chem. Soc,, 
1941, 68, 1123; 1942, 64, 72; Evans and Gillam, 1945, 432). On the other hand, in the 
case of the nitro-olefins, vibrational structure appears to be more pronounced in ethanol than 
in hexane, which is unexpected since the former is generally the more highly solvating solvent. 

Lengthening of the conjugated chain as in the a-nitrobutadiene and p-nitrostyrene systems, 
i.e,, CIC*CIC*N02 and Ph-ClC-NOg, respectively, results in the expected increase in 
the positions of the long wave-length bands are again 200 — 300 a. higher than those of the 
corresponding bands shown by the CX*ClC*CIO and Ph-CICC’.O systems. The persistence of 
shorter wave-length bands, probably to be ascribed to the partial chromophore CX’NOg, is 
peculiar to the nitro-compounds. 

The effects of auxochromic substituents are similar to those observed in other systems 
(cf. Part III, /., 1946, 948) ; Xj^^x. is increased by alkyl and halogen substituents attached to 
the ap-ethylenic bond, thus, AXj^g = ca. 100 a., and AXj^j. = ca. 300 a. in the nitro-ethylenes. 
In the nitrostyrene system the effects are smaller or negative, thus, for p-substituents 
AXj£e = ^ 50 a., AXoi = 100 a., and AXj^^ = 150 a. 

VUra-violet light absorption of nitro-olefins in ethanol and n-hexane. 

Ethanol. w-Hexaiie. 

Xmtx.j A. ^max.’ ^ntax.* 


CHjXMe-NOj 2250 3,300 ♦ * 

CHMeXH-NOa 2290 9,400 2290 8,700 

2350 9,700 

CHMeXMe-KO. 2340 5,600 2350 6,100 

2420 5,800 

2500 5.600 

CMeaXH-NOg 2450 8,600 2350 10,000 

2510 8,600 

CHPr^XMe'NO, 2420 6,000 2340 5,400 

2510 6,200 2420 5,600 

2580 6,000 

CHMeXBr-XO« 2250 4,000 * 

2690 4,800 

CHMeXH-CHXH-NOo 2260 5.500 * 

2980 J 2,000 

CHPhXH-NOa 2270 9,500 2230 10,300 

3090 16,500 2290 9,700 

2990 17,800 

CHPhXMe-NO. 2260 10,300 2230 9,500 

3050 12,400 2930 11,400 

CHPhX--CbXOo 2260 10,600 * 

3200 13,600 

CHPhXBr-NOa 2260 8,700 * * 

3240 12,000 


* Not determined. 

Experimental. 

For the technique of tlie light absorption measurements, see Part 1 (/., 1945, 490). The compounds 
examined had the following physical constants ; 2-Nitroprop-l-cne, b. p. 68 — 70'’/T44 mm., wg*" 1*4309; 
l-nitroprop-l-ene, b. p. 45°/l*6 mm., «})’ 1*4663 (Schmidt and Rutz, Ber ., 1928, 61, 2142); 2-nitro- 
but-2-ene, b. p. 47 — SO^^/O mm., wj?* 1*4616; l-nitro-2-methylprop-l-ene, b. p. 48 — 49"’/9*6 mm., 
tiJJ* 1*4723 (Haitinger, Annalen, 1878, 198, 368; Monatsh., 1881, 2, 286); 2-nitro-4-methylpent-2-ene, 
b. p. 67°/10 mm., wJJ’ 1*4579; 1-bromo- l-nitroprop-l-ene, b. p. 59 — 60°/ll mm., 1*5121; 
l-nitropenta^l : 3-diene, b. p. 78— 79°/2‘5 mm., 1*5543; )J-nitrostyrene, m. p. 57 — 58° (Worall, 
Org. Synth,, Coll. Vol. I, p. 413); /3-nitro-j3-methylstyrene, m. p. 64°; j9-chloro-)5-nitrostyrene, m. p. 
48° (Priebs, Annalen, 1884. 225, 321) ; /3-bromo-]S-nitrostyrene, m. p. 66° (Worall, /. Amer, Chem, 
Soc., 1921, 48, 919). They were prepared either according to the methods given in the references 
cited, or by methods which will be described in a separate publication. We are indebted to Drs. R. L. 
Heath and H. A. Piggott of I.C.I. Ltd., Dyestuffs Division, for a sample of 2-nitro-4-methylpent-2-ene. 

The authors thank Professor Sir Ian Heilbron, D.S.O., F.R.S., for his interest, and the Rockefeller 
Foundation for f nancial assistance. 

Imperial College of Science and Technology, 

London, S.W. 7. 


[Received, Xovember 26///, 1946], 
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208 . Syntheses in the Thiopyran Series. Part I. Tetrahydro- 

d^ivcdives. 


By Ralph F. Naylor. 

Reaction of a 1 : 5-dibromo-compound with sodium sulphide is not applicable to the 
synthesis of those members of the tetrahydrothiopyran series which contain tertiary carbon 
atoms in the 2- and the 6-position. In such cases it is possible to achieve the synthesis by 
cyclisation of the appropriate 2 : 6-diol to give the corresponding tetrahydrop 3 rran, followed by 
reaction of the latter with phosphorus pentasulphide. By this method 2:2:6: 6-tetramethyl- 
and 2:2: 6-trimethyl-6-ethyl-tetrahydrothiopyran have been prepared. 

Recorded investigation of compounds of the tetrahydrothiopyran series has been limited to 
two of the simplest members, pentamethylene sulphide and 1-methylpentamethylene sulphide, 
which have been readily obtained by reaction of the appropriate dihalide with sodium sulphide 
(Clarke, 1912, 101, 1805; v, Braun, Chem. Zentr., 1909, II, 1994; Grischkewitsch- 
Trochiraowski, Chem. Zentr., 1923, I, 1503). A few of the corresponding saturated thiopyrones 
have been prepared either by addition of hydrogen sulphide to a keto-diene or by cyclisation of 
a suitable aliphatic sulphide (Arndt and co-workers, Ber.^ 1926, 58, 1633; 1930, 68, 313, 
2393; Beimett and Scorah, 1927, 194), but otherwise no work has been recorded on this 
class of compound. 

Although pentamethylene bromide reacts fairly readily with sodium sulphide, the yields of 
tetrahydrothiopyran are less than those reported to be obtainable with the chloride. This is 
in accord with the work of Bost and Conn (Of/ and Gas 1933, 82, No. 3, 17), who obtained 
only 30% of 2-methyltetrahydrothiopyran from 1 : 6-dibromohexane. In the present work it 
was desired to prepare tetra-substituted 2 : 6-derivatives, and to this end 2 : 6-dibromo-2 : 6- 
dimethylheptane was S 3 mthesised from ethyl glutarate : 


COjEt-LCHalgCOaEt 


MeMgl 
>■ 


HBr 

CMea(OH)-[CH2]»-CMea-OH CMegBr-CCHJa-CMeaBr 


On trial, however, the lability of the bromine attached to the tertiary carbon atoms proved to be 
such that reaction of the bromide with sodium sulphide in alcoholic solution resulted only in 
the replacement of Br by OEt, and the corresponding reaction without a solvent resulted in loss 
of hydrogen bromide with formation of monobromodimethyllieptenes and geraniolene (CaH^j). 
This failure necessitated recourse to the less attractive method presented by conversion of a 
suitable pyran into the sulphur analogue. 2 : 6-Dimethylheptane-2 : 6-diol had already been 
observed to cyclise when it was heated in the presence of mineral acid, so giving 2 : 2 ; 6 : 6-tetra- 
methyltetrahydropyran * (Bruylants, Rec, Trav. chim., 1910, 29, 130). This pyran was found 
to give a small yield of the desired 2:2:6: 6-tetramethyltetrahydrothiopyran (I) when it was 
heated with phosphorus pentasulphide. The reaction, however, was complex, giving 
accompanying (resinous) products, which were not investigated. 


CMea(OH)-[CHa]3-CMe2(OH) 


H,S 04 


McjC-CHj-CHj-CHa-CMea 
I Q 1 


P.S» 


Me. 




M( 


CH, 






Me (I.) 
Me 


Synthesis of unsymmetrical members of the thiopyran series presented greater di£5culty, 
but since the essential oxide-sulphide conversion must remain the same in view of the 
presence of tertiary groupings, the only concern was the building up of the required carbon 

* It is to be noted that no isomerisation involving shift of the *OH groups, such as has been observed 
by Franke and Gomolka {Monatsh., 1929, 56, 331) in the case of a<o-diols, CH,(OH)*[CH,]«*CH 2 *OH, is 
possible in this dehydration, owing to the tertiary nature of the hydroxylated carbon atom : if water is 
eliminated with the formation of a double bond, the Markownikow rule will ensure that any re-addition 

- H,0 + HgO 

of water will give the original alcohol [•CH 2 'C(OH)Me 2 ^ClECMea ^ •CH,*C(OH)Me,3. 

In consequence only six-membered rings can arise. The six-membered nature of the subsequent 
thiopyran rings has been confirmed by the identity of their infra-red spectra with those of necessarily 
six-membered cyclic sulphides derived from hydrogen sulphide addition to di-isoprenes (Sutherland and 
Sheppard, in the press; Naylor, in ttie press). 
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framework. This was accomplished by the following steps, starting from methyl hydrogen 
glutarate : 

SOCl, EtCdBr 

COaMc-LCHJjCOsH >• COjMe-[CHj3-COCl CO^Ue-[CH^]^COEt (IL) 

MeMgl H,SO* 

^ CMe2(OH)*[CH3]3-C(OH)EtMe (III.) 

CH. 

/\ 


(IV.) 


-o- 


P,Sb Cffg 9^2 

— > MeJ I Me (V. 

Me/ \ / \Et 
S 


Clutterbuck and Raper (BiocJiem. 1926, 19, 393) report the preparation of methyl 
3-ketoheptoate (II) by reaction of ethylzinc iodide with the half-ester half-acid chloride of 
glutaric acid, but do not record yield. In the present work the zinc alkyl was replaced by 
ethylcadmium bromide, which reacted with the acid chloride group while leaving the ester 
group untouched, and a satisfactory yield (58%) of the 3-keto-ester (II) was isolated. By 
reaction with 3 mols. of methylmagnesium iodide (II) was converted into 2 : 6-dimeihyloctane- 
2 : 6-diol (III), which condensed in the presence of warm dilute acid to 2 ; 2 : MrimethyUQ-ethyl- 
tetrahydropyran (IV). The final stage was treatment of (IV) with phosphorus pentasulphide to 
yield 2:2: 6-trimethyl-G-ethyltetrahydrothiopyran (V). 

The tetrahydrothiopyrans are quite stable towards acids and alkalis, but oxidise slowly in 
air. They unite with methyl iodide in the cold, but the resulting methiodides often separate as 
oils, which are difficult to crystallise. The rings of the sulphides (I) and (V) open when the 
compounds are heated with methyl iodide, the sulphur being removed as trimethylsulphonium 
iodide. This behaviour is in contrast to the stability of cyclic sulphides, containing primar^*^ 
a-carbon atoms, and is interesting in comparison with the formation of trimethylsulphonium 
iodide by the action of methyl iodide at 16° on compounds containing the diallyhc sulphide 
grouping, •CKCH'CHg'S'CHa’CHXH* (Selker and Kemp. Ind, Eng, Ghent,, 1944, 36, 17). The 
di-iodide (VI) was not isolated and is probably too unstable to be obtained in the pure state. 


Me-C-CHa-CHa-CH.-CMeo + 3MeI 
I S 1 


SMegl + CMCal-LCHaJa-CIMea 


(VI.) 


Experimental. 


(Microanalyses were carried out by Dr. W. T. Chambers, Miss H. Rhodes, and Miss E. Farquhar.) 

Pentameihylene Sulphide. — Pen tame thy lene bromide was prepared from piperidine by the method 
described in Organic Syntheses, Coll. Vol, 1, pp. 93, 419. A solution of the bromide (40 g.) and anhydrous 
sodium sulphide (50 g.) in ethanol (260 ml.) was refluxed for 3 hours. After addition of excess of water 
the product was extracted with ether and twice distilled. Pentamethylene sulphide (6 g., 34%) was 
obtained as a liquid, b. p. 140°/756 mm., n^* 1*5055 (Found : C, 59 0; H, 10 0; S, 31*3. Calc, for 
CaHioS: C, 68*9; H, 9*8; S, 31*4%). 

Synthesis of 2:2:6: Q-Tetramethyltetrahydrothiopyran (I). — (a) Action of sodium sulphide on 
2 : Q-dibromo-2 : Q-dimethylheptane. Magnesium (4*5 g.) under ether was dissolved in a solution of 
methyl iodide (270 g.) in ether (350 ml.), and to the cooled solution of methylmagnesium iodide was 
introduced with stirring ethyl glutarate (64 g.) in ether (75 ml.). When the reaction moderated, the 
solution was refluxed for 1 hour, left overnight, and then poured slowly into aqueous ammonium chloride 
(200 g. in 700 ml.) containing crushed ice (2000 g.). 2 : 6-Dimethylheptane-2 : 6-diol was extracted 

with ether both before and after concentration of the aqueous solution, and was obtained from this 
extract as the monohydrate (30 g.) which was distilled at 85°/ 1 mm. to give the anhydrous alcohol 
(21 g.), m. p. 76°. Dry hydrogen bromide was bubbled through an ethereal solution of the alcohol at 0° ; 
after neutralisation of excess acid with sodium hydrogen carbonate, 2 : 6-dibromo-2 : 6-dimethylheptane 
crystallised out in white needles, m. p. 34° (Found : C, 38*1 ; H, 6*4. Calc, for C^HjgBrj : C, 37*8; 

®*3%). The dibromide lost hydrogen bromide very readily, even at room temperature, under 
reduced pressure. A solution of s<^ium sulphide (20 g.) and the dibromide (5 g.) in ethanol (60 ml.) 
was refluxed for 2J hours, then diluted with water and ether extracted. The extract contained 
geraniolene (b. p. 40°/13 mm.) and impure 2 : 6-diethoxy-2 : 6-dimethylheptane (b. p. 70°/ 13 mm. ; 
wjf* 1*4462), but no sulphur-containing compounds. By heating together the dibromide (6 g.) and dry 
powdered sodium sulphide (26 g.) for 6 hours at 100 — 110° was obtained a mixture of geraniolene (b. p. 
38°/12 mm.), impure bromo-2 : 6-dimethylheptene (b. p. ca. 60°/l mm.; wJJ* 1*4748), and unchang^ 
dibromide (b. p. 72°/l mm.; m. p. 24°). 

(b) Action of phosphorus pentasulphide on 2 : 2 : 6 : Q-tetramethyltetrahydropyran. 2 : 6-Dimethyl- 
heptane-2 : 6-diol (16 g.), prepared as above, was shaken with 2N-sulphuric acid at 100° for 3 hours ; the 
product contained unchanged diol, geraniolene, and 2:2:6: 6-tetramethyltetrahydropyran, b. p. 
48°/ 1 mm. The last (7 gj was seal^ with phosphorus pentasulphide (24 g.) in a nitrogen-filled Carius 
tube, and heated for 6 hours at 110—120°. The product was extracted with aqueous alkali, dried over 
potassium carbonate, and distilled. After redistillation 2:2:6: ^-tetramethyltetrahydrothiopyran (I) 
(2 g.) was obtained as a colourless liquid, b. p. 66°/12 mm., 1*4763 (Found : C, 68*3 ; H, 11*6 ; S, 
20*1. CioHjpS requires C, 68*4; H, 11*4; S, 20*2%). On standing for 1—3 days at 0° with twice its. 
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own volume of methyl iodide, the product yielded white crystals of a methiodide, which recrystallised 
from ethanol-^petrol (b. p, 60 — 80”) on cooling below — 20” ; m. p. 130” (decomposition occurred from 
130” to 160”) (Found : I, 40-8. C^HjalS requires I, 40*6%). Reaction with excess of methyl iodide 
for 16 hours at 100° gave crystals, which after being wash^ with a little methanol and recrystallised 
from ethanol (absolute) yielded needles of trimethylsulphonium iodide, decomp, ca, 200” (Found : 
I, 61*8; S. 15 5. Calc, for C3H JS : I. 62*2; S. 16*7%). 

Synthesis of 2.2: ^’Tnmethyl-Q-ethyltetrahydrothiopyran (V). — Glutaric anhydride. Glutaric acid (290 
g.) and acetic anhydride (400 ml.) were heated under reflux for 2 hours ; the acetic acid was then distilled 
off. and the heating continued with a further 300 ml. of acetic anhydride. After removal of the acetic acid 
and anhydride, glutaric anhydride (236 g,, 96%) was distilled over at 150°/ 10 mm. [Despite the claims of 
Krafft and NoerdJinger [Ber.^ 1889, 22, 817) that glutaric acid is wholly dehydrated by refluxing alone for 
2 — 3 hours, it was not found possible to complete the conversion into the anhydride by this method.] 

Methyl hydrogen glutavaie (see Clutterbuck and Raper, loc. cit.). Glutaric anhydride (235 g.) and 
methanol (132 g., 2 mols.) were refluxed for 1 hour, and the product, after removal of methanol, was 
distilled at 10 mm. The distillate consisted of methyl glutarate, methyl hydrogen glutarate, and some 
glutaric acid. The lirst and the last fraction were combined with glutaric acid extracted from the 
residue, and were reconverted into glutaric anhydride (via the acid) and re-esterified with methanol. 
The overall yield of methyl hydrogen glutarate was 240 g. (80%), b. p. 147 — 151°/10 mm., 1*4372. 

Glutaric acid half ester half chloride, A mixture of the acid ester (240 g.) and thionyl chloride (720 g.) 
was warmed until gas evolution started, and then very gently for one hour and refluxed for a further 
hour. After removal of excess thionyl chloride, the product (258 g., 97%) distilled at 98°/ 10 mm. 

Methyl h-Ketohepioate (II). — An ethereal solution of ethylmagnesium bromide was prepared from 
magnesium (42 g.) and ethyl bromide (188 g.). Powdered cadmium chloride (288 g.), rendered completely 
anhydrous by being heated for 1 hour on a sand-bath and allowed to cool in a desiccator over phosphoric 
(►xidc, was slowly added with stirring to the Grignard solution cooled in ice. When the solution set 
nearly solid it was necessary to add more ether and shake vigorously during the addition of the remaining 
chloride. The ice-bath was then removed, and the mixture stirred for 30 minutes. Absence of excess 
of Grignard reagent was ensured by testing with Michler’s ketone. 

To the solution of ethylcadmium bromide (10% excess reckoned on cadmium chloride) at 0° was 
slowly added with vigorous stirring the half ester half chloride (258 g.) in ether (300 ml.). When the 
mixture set solid more ether was introduced, and the addition was continued with constant shaking. 
After refluxing for 1 hour on the steam-bath, the mixture was diluted with ice, and then dilute sulphuric 
acid was added until the precipitate just dissolved. The ether layer was separated and was shaken suc- 
cessively with dilute aqueous ammonia, dilute sulphuric acid, dilute aqueous sodium hydrogen carbonate, 
and water. After drying over magnesium sulphate and removal of ether, the product was distilled at 
104 — I10°/10mm. Refractionation gave 144 g. (68%) of methyl 8-ketoheptoate, b. p. 108°/10 mm., wf?” 
1 *4296. On standing for several days with semicarbazide hydrochloride and potassium acetate in aqueous 
alcohol, the ester yielded a semicarbazone, which recrystallised from 95% alcohol to give colourless plates, 
in. p. 113° (Found : C, 50*2; H, 7*9; N, 19*6. requires C, 50*2; H. 7*9; N, 19*6%). 

2 : 5-Dimethyloctane-2 ; 5~diol (III). — An ethereal solution of methylmagnesium iodide (3*25 mol.), 
prepared from magnesium (40-5 g.) and methyl iodide (236 g.), was stirred at 0° during the gradual 
introduction of methyl S-ketoheptoate (70 g.) in ether (100 ml.). When addition was complete, the 
solution was refluxed for 4 hours and then allowed to stand over the week-end. The product was 
tlecomposed with a solution of ammonium chloride (105 g.) in water (1500 ml.) at 0°, and the ether layer 
was separated. The aqueous layer was evaporated down to ca. 1200 ml., and constantly extracted with 
ether for 40 hours. After drying, and removal of ether, the 2 : 5-dimethyloctane~2 ; 5-diol from the 
combined extracts was distilled at 87 — 90”/0*l mm. The diol (60 g., 78%) w^as a colourless viscous 
liquid, Wp’ 1*4563, which at 0° slowly crystallised to give an oily white solid, m. p. 26 — 37°, and slowly 
sublimed at 20°/10‘‘^ mm. to white crystals, m. p. 47 — 49*5° (Found : C, 68*1 ; H, 12*2. CioHajO, 
requires C, 69*0 ; H, 12*6%). 

2:2: 5-Trimethyl-5-ethyltetrahydropyran (IV). — 2 : 6-Dimethyloctane-2 : 6-diol (28 g.) was vigorously 
stirred for 30 minutes at 100° with 2N-sulphuric acid (250 ml.). The residual oil was combined with an 
ether extract of the aqueous layer, and dried over potassium carbonate. After removal of ether the 
product (12 g., 48%) distilled over at 66 — 74°/0*J mm. ; dimethyloctadiene was obtained in the 
lower-boiling fractions (ca. 34°/l mm.). Refractionation of the product gave 2:2: 6’trimethyl~5-ethyl- 
tetrahydropyran, a mobile, colourless, sweet-smelling liquid, b. p. 89°/J0 mm., 1*4608 (Found ; C, 
76*7 ; H, 12*8. C 10 H^oO requires C, 76*9; H, 12*8%). 

2:2: 5-Trimethyl-h-ethyltetrahydrothiopyran (V). — An intimate mixture of 2:2: 6-trimethyltetra- 
hydropyran (12 g.) and phosphorus pentasulphide (36 g.) was heated for 5 hours at 100° in a Carius 
tube sealed under nitrogen . The solid oily residue was extracted thoroughly with ether, then decomposed 
by water, and the aqueous solution extracted with ether. The ethereal extract was shaken 3 times with 
10% aqueous sodium hydroxide and subsequently dried over magnesium sulphate. After removal of 
ether, the product (3*5 g., 26%) distilled over at 40°/0*2 mm. After 2 further fractional distillations 
2:2: ^-irimethyl^Q-ethylteirahydroihiopyran was obtained as a mobile, colourless liquid with a 
characteristic odour, b., p. 87°/13 mm., mJ?’ 1*4849 (Found : C, 69*6 ; H, 11*7 ; S, 18*6. CioHgoS requires 
C, 69*8; H, 11*6; S, 18-6%). When this was kept with methyl iodide at 0°, the methiodide slowly 
separated as a red oil, but reaction at 100° (20 hours* reaction in a tube sealed under nitrogen) gave 
trimethylsulphonium iodide (Found : C, 15*7 ; 1,61*9. Calc, for CgHjIS : C, 15*7; 1,62*2%). 

This paper forms part of a programme of fundamental research undertaken by the Board of the 
British Rubber Producers' Research Association. The author wishes to express his thanks to Dr. E. H. 
Farmer for his helpful advice and criticism. 

British Rubber Producers' Research Association, 

48, Tewin Road, Welwyn Garden City, Herts. 


[Received, November 25th, 1946.] 
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Activating Influence of paiTA-Groups on the Lability of Chlorine in Chlorobenzenes, 

By G. M. Badger, J. W. Cook, and (Miss) Wendy P. Vidal. 

In another investigation, the activating influence of the azo^group on a ^-chloro-substituent towards 
reaction with an anionoid reagent (compare Borsche and Exss, Ber,, 1923, 66, 2353) appeared to be 
somewhat greater than expected, and the present work was undertaken to obtain a quantitative measure 
of this effect. For this pupose, the percentage reaction with piperidine of various ^-substituted chloro- 
benzenes has been determined, under standard conditions, by the gravimetric estimation of the halide 
ion in the reaction mixture, a method essentially the same as that used by Sandin and Liskear (J. Amer, 
Chem. Soc,, 1935, 67, 1304). A preliminary trial of the method of Brewin and Turner (J., 1928, 332), 
which involves weighing the piperidine salt which separates out on cooling the reaction mixture, gave 
much lower results than were obtained by the method of Sandin and Liskear. This was, no doubt, due to 
the uncertainty as to the composition of the precipitated salt (Powell and Dehn, J, Amer. Chem. Soc., 
1917, 39, 1717), and also to the fact that piperidine hydrochloride is not completely insoluble in benzene. 

Materials, — As solvent, sodium-dried, thiophen-free benzene, was used. Piperidine was dried over 
potassium hydroxide and kept over this reagent after being distilled. The ^-chloronitrobenzene was a 
commercial sample, recrystallised from alcohol, m. p. 83". />-Chloroanilinc was also a commercial sample, 
recrystallised from benzene, m. p. 70". y?-Chloroazobenzenc, prepared by the method of Jacobson and 
Loeb (Ber., 1903, 36, 4090) and recrystallised from alcohol, had m. p. 89". ^-Chlorobenzonitrile was 
prepared from /?-chlorobenzamide by dehydration with phosphoric oxide ; recrystallisecl from aqueous 
alcohol, it had m. p. 91®. Chlorobenzene was redistilled, b. p. 130". 

Method. — The ^-substituted chlorobenzene (0’024 mol.) was heated under reflux in an all-glass 
apparatus, with piperidine (OT mol.) in anhydrous benzene (50 c.c.) for 8 hours. The aqueous extract, 
after being washed with a little benzene, was acidified with dilute nitric acid (5 c.c.) and the halide 
precipitated as silver chloride with 0-lN-silver nitrate. The precipitate was collected in a Gooch crucible 
and dried at 100°. 

Results. — The following percentage reactions were obtained: />-chloronitrobenzene, 12*9, 12*9%; 
/)-chlorobenzonitrile, 5*0% ; /)-chIoroazobenzene, 1-07, 1*96%; chlorobenzene, 1*29, 1*31%; ^-chloro- 
aniline, 1*23. 1*24%. 

The activating influence of the azo-group is, under these conditions, less than that of the cyano- 
group, and considerably less than that of the nitro-group. The amino-group exerts little effect. 

One of us (G. M. B.) has been working with an Imperial Chemical Industries Research Fellowship. — 
University of Glasgow. {Received, October, 2,^th, 1946.] 


A n Improved Preparation of 1 : %-Diniironaphihalene. By Herbert H. Hodgson and Edward R. Ward. 

Whereas 1 : 8-dinitronaphthalene is scarcely attacked by aqueous sulphide even at 90° (Hodgson and 
Walker, 1933, 1346; E.P. 392,914), it is rapidly converted in methanol suspension by a mixture of 
sodium sulphide and sodium hydrogen carbonate into sulphide dyes (Hodgson and Ward, /., 1945, 794). 
When, however, the mixture of 1:5- and 1 : 8-dinitronaphthalcne obtained by nitration of o-nitro- 
iiaphthalene (Hodgson and Walker, 1933, 721) is treated by the above sodium sulphide-sodium 
hydrogen carbonate mixture in methanol, in amount just sufficient to reduce the whole of the 1 : 5-dinitro- 
naphthalene (about one-third, as determined by the complete removal of the 1 : 8-isomeride with sodium 
sulphite), the 1 : 8-dinitronaphthalene is entirely unattacked and remains behind after extraction with 
hydrochloric acid of the 5-nitro-l-naphthylamine mixed with it. Only one crystallisation of the residue 
from toluene is necessary for obtaining practically pure 1 : 8-dinitronaphthalene in almost quantitative 
amount. 

The finely divided mixture (10 g.) of 1:5- and 1 : 8-dinitronaphthalene was su.spendcd in boiling 
methanol (150 c.c.) and treated with the reducing agent (14 c.c.) [prepared by dissolution of crystalline 
sodium sulphide (24 g.) and sodium hydrogen carbonate (8 g.) in water (40 c.c.)] added in one batch, and 
the boiling was continued for 5 minutes ; ice chips were then added quickly to the reddish-brown mixture 
before pouring it into water (total volume ca. 1 1.), No sulphide was present at the end of the reaction. 
The solid was filtered off, washed with water, and then extracted 4 times with boiling 8% hydrochloric 
acid (400 c.c. per time) ; the yield of extracted 5-nitro-l-naphthylamine was 8% of the original mixture 
and ca. 24% of the 1 : 6-dinitronaphthalene originally present. The acid-extracted residue, after being 
washed with water, was dried, and extracted twice with boiling toluene (200 c.c.) ; on concentration, 
the filtered toluene extract afforded 1 : 8-dinitronaphthalene (6*3 g., i.e., 63% of the original mixture and 
ca. 95 — 96% of the amount of 1 : 8-dinitronaphthalenc present; cf. the crude yield of ca. 40% obtained 
by Hodgson and Walker, loc. cit ), m. p. 169 — 171*5°. Increasing the amount of reducing agent beyond 
that used above lowered the yield of 1 : 8-dinitronaphthalene and also the purity of the 5-nitro-l -naphthyl- 
amine. 

The authors thank Imperial Chemical Industries Ltd., Dyestuffs Division, for gifts of chemicals, and 
the Department of Scientific and Industrial Research for a Senior Research Award (to E. R. W.). 
Technical College, Huddersfield. [Received, October 26th, 1946.] 
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Obituary Notice. 

OBITUARY NOTICE. 

BEVAN LEAN. 

1866—1947 

Bevan Lean received his early education at Ackworth School, near Pontefract, and at Bootham 
School, York. He proceeded in 1887 to Owens College, Manchester, to study chemistry, where 
his exceptional ability was soon recognised. He held the Dalton Scholarship for research in 
1891 and the Berkeley Fellowship in 1893, and was appointed to the staff of the Chemistry 
Department as Assistant Lecturer and Demonstrator in 1894. As a student he was resident at 
Dalton Hall, and was Tutor in Chemistry there from 1889 to 1894. 

During these years at Manchester Lean was actively engaged in research, and was author or 
part author of six papers in the Transactions of the Chemical Society, published in the years 
1892 — 1900. The iirst of these, with W. A. Bone, was on the Behaviour of Ethylene on 
Explosion with less than its own Volume of Oxygen ”, but the remainder showed that his chief 
interest lay in the realm of synthetical organic chemistry and dealt with butanetetracarboxylic 
acids, their homologues, and derived compounds. He took the external London Degrees of 
B.Sc. (I889)^and D.Sc. (1894). 

In 1897 Lean forsook an avssured academic future to devote his life to school teaching. After 
four years as science master at Ackworth, he was appointed Headmaster of the Friends’ school 
at Sidcot, Somerset, a position which he held for twenty-eight years. While there, he published 
with W. H. Perkin, Junr., in 1909 ” An Introduction to Chemistry and Physics ”. Lean was 
liimself a lifelong member of the Society of FViends, and was deeply religious. Under his 
influence the school developed greatly, and the discipline of his scientific training and his 
whole-hearted devotion to the welfare of the school and the individual scholars combined to 
make him a headmaster of outstanding ability who won the respect and affection of many 
generations of Sidcot scholars. He leaves a widow and two sons. The elder, Oscar B. Lean, 
is in medical practice, and the younger, Owen B. Lean, is an entomologist with Imperial 
('hemical Industries Ltd. W. Baker. 


209. Atuidmes, Part VII. Preparation of Amidines from Cyanides^ 
Aluminium Chloride, and Ammonia or Amines. 

By P. Oxley, M. W. PARTRinriK, and W. F. Short. 

AmidiiK'S and A"-snbstituted amidines can be prepared from cyanides, aluminium chloride, 
and ammonia or an amine. The method gives good yields of A^A^-dialkylamidines, which are 
<)l)tained in poor yield by the ammonium sulphonate method. 

d'liK preparation of amidines from cyanides and ammonium or substituted ammonium 
sulphonates was described in Part I (Oxley and Short, 1946, 147), in which the production 
of A^V-disul)stitutcd amidines was illustrated by a single example, namely AA/'-diphenyl- 
benzamidine, obtained in 29% yield from phenyl cyanide and diphenylammonium benzene- 
sulphonate. Application of the method to ^-cyanophenyl methyl sulphone and piperidinium 
benzenesulphonatc afforded 'NN-pentamethylene-p- methylsul phony Ibenzamidine (27%), but our 
initial attempts to bring about a similar reaction with diethyl ammonium benzenesulphonate 
were unsuccessful. On raising the reaction temperature to 280°, however, A/^-ethyl-j|t)-methyl- 
sulphonylbcnzamidiiie was obtained in 0*8% yield, rising progressively to 4*6% at 326°. The 
same amidine was obtained from the cyanide and triethylammonium benzenesulphonate at 
306° (0*2%), ethylammonium benzenesulphonate at 280° (41%), or ethylammonium chloride 
at 250°. (We find that it is essential to use the ammonium salt of a sulphonic acid or ammonium 
thiocyanate in order to obtain reasonable yields of unsubstituted amidines, but mono- and di- 
alkylammonium chlorides may give good yields of substituted amidines.) Ammonium benzene- 
sulphonate (81%) was obtained when diethylammonixun benzenesulphonate and phenyl cyanide 
were heated at 350° and little cyanide was recovered. Similarly, piperidinium benzene- 
sulphonate and phenyl or benzyl cyanide at 300° gave ammonium benzenesulphonate and 
benzamidinium or phenylacetamidinium benzenesulphonate. These dealkylations recall the 
progressive dealkylation of trialkjdammonium chlorides on heating (Hofmann, Proc. Roy. Soc., 
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I860, 10, 596; Fileti and Piccini, Ber,, 1879, 12, 1508) and Werner’s observation (/,, 1914, 
105, 2769) that whereas ammonium methyl sulphate rearranges to inethylammonium hydrogen 
sulphate and undergoes some demethylation above 240°, ammonium ethyl sulphate is com- 
pletely decomposed on heating into ammonium hydrogen sulphate and ethylene. We ultimatel}^ 
found that a 7% yield of ATA^-diethyl-^-methylsulphonylbenzamidine could be obtained from 
the cyanide and diethylammonium benzenesulphonate at 224° and was identical with a specimen 
prepared by the Pinner method. A'^AT-Diethylbenzamidine was prepared by the Pinner method 
and its toluene-p-sulphonaie was almost completely decomposed at 215 — 250° into phenyl 
cyanide and diethylammonium toluene-/>-sulphonate. These observations indicate that the 
sulphonate method is unlikely to be generally suitable for the preparation of A'AT-dialkylamidines. 

The few cyanides which are known to combine directly with ammonia or amines to yield 
amidines contain polar groups which stimulate the additive capacit}" of the cyano-group (Part 1, 
loc. cit.), and it seemed probable that the reactivity of cyanides could be stimulated, as is the 
case with carbonyl compounds, by combination with a catal}\st having strong kationoid 
properties. A number of alkyl cyanide-aluminium chloride complexes have been described. 
(Genvresse, BulL Soc. chim., 1888, 49, 341; Perrier, Conipt. vend., 1895, 120, 1424; Bull, Sac. 
chim,, 1896, 13, 1031), and it seemed likely that catalysts of the Friedel-C Tafts type might 
enhance the dipole condition of the molecule and with it its reactivity : 

+ - XHXV -f- - 

R-CN + AICI 3 > R-C=N->A1C18 ^ R-C(NXY):nH->A 1 C 13 

On the other hand, aluminium chloride and similar kationoid compounds readily yield 
ainmines with ammonia and amines, so that the efficiency of the catalyst would be reduced by 
the presence of the competitive anionoid centre in the base and would also depend upon the 
solubility of the respective complexes in the reaction mixture. Thus, />-cyanophenyl methyl 
sulphone and aluminium chloride yielded an insoluble brown complex which gave only traces 
of amidine (Fuller reaction; Nature, 1944, 154, 773) when heated with ammonia in various 
solvents, but /?-methylsulphonylbenzamidine was obtained in 54% yield when the cyanide and 
aluminium chloride were heated with excess of molten urea, which acts as a source of ammonia 
and as a solvent. A number of amidines have been prepared by heating a cyanide and aluminium 
chloride with a base, and the scope of the method is illustrated l)y the examples in the Table. 
It will be noted that the method affords good yields of YA’-dialkylamidines and is therefore a 
useful supplement to the ammonium sulphonate method. 


Amidine {a). Yield, %. 

Jienzamidinc (/;) 57 

o-Nitrobenzamidine {c) 13 

/’-Nitrobenzamidino (6) 60 

/’-Methylsulphonylbcnzaniidino (t) 54 

jS-Naphthamidine (c) 3-8 

-V-Phenylacetamidine {d) 50* 5 

.\%yt:/aHexyldiethylacetamidine 28 

A'-lienzylbeiizamidine 63 

Y-c>-Nitrophenylbenzamidint‘ 15 

N~2-Pyridylbenzamidine 62 

^-Benzylanisamidine 82*5 

N -cycloH exylanisani idine 94 

A^-Phenyl“2 : 4-dichlorobenzamidine ... 74 


Amidine (a). Yield, %. 

^-2~Pyridyl-\:t-})icthylsiilphoitylbevz~ 

amidine 73-5 

^l-fiycloHexylphenylacetamidine 9(» 

A -ry<:/oHoxyl-l-amidino-n*hcptane 98 

1 : ^~Bis-{K-phenyl-4t-aniidinophenoxy)- 

propane 61 > 

AW* Pentamethylenebenzamidinc 37 

A-PhenylW-methylbenzamidine ca. 100 

A'A-DiethyI-/)-methylsulphonylbenz- 

amidinc ct?. 100 

N N - Pentamethylene-\y~meihylsitlphonyl- 

benzamidinc 98 

Sy-Diphenylpicolinaniidific 76 


{a) The product was isolated as base, hydrochloride, picrate, or benzenesulphonate (see experimental 
section) : the yields recorded refer to the pure compound first isolated and are based on the cyanide 
employed. 

(b) Gaseous ammonia used. 

(c) Urea (16 mols.) employed as source of ammonia. 

(d) A^A^'-Diphenylacetamidine (3-9%) was also formed. 


We have made a cursory examination of the use of other catalysts for the production of 
amidines since it might be desirable to avoid the use of aluminium chloride in certain cases. 
Several catalysts used in reactions of the Friedel-Crafts type, such as ferric chloride, zinc, 
chloride, and stannic chloride, have been found to promote the formation of amidines, and other 
compounds exhibiting kationoid activity were also effective (see Table below). Boron tri- 
fluoride failed to promote the union of benzyl cyanide and cyr/ohexylamine at 140° ; this may 
be due to the stability of monoamminoboron trifluoride. 
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Catalyst. 
Ferric chloride .. 
Zinc chloride 


Stannic chloride.... 

'rriphenyltiii chloride ... 
Triphenylaluminium .... 
Aluminium riopropoxide. 
Triphenyl borate 


Amidine. Yield, %. 

/>-Nitrobenzamidine {a} 30 

Phenylacetamidine (a) 83 

/)-Nitroben 2 amidiiie (a) 38 

.V-Phenylbenzamidine 31 

.V-cyc/oHexylphenylacetamidine 6 

/>-Nitrobenzamidine (a) 56 

/>-Methylsulphonylbenzamidine 74 

.ViV-Pentamethylene-/)-methylsulphonylbenzamidine 32 

^-Methylsulphonylbenzamidine Trace 

Benzamidine 60 

iViV-Pentamethylene-^-methylsulphonylbenzamidine 3-5 

^-Methylsulphonylbenzamidine (o) 60 


{a) Urea used as source of ammonia. 


(b) Tribenzyl borate was ineffective. 


Experimental. 

Cyanides and Substituted Ammonium Benzenesiilphonates. 

Benzamidine, — Phenyl cyanide (10 g.) and piperidinium bcnzenesulphonate (25 g. ; 106 mols.) were 
heated at 300' for 14 hours and afforded benzamidinium bcnzenesulphonate, m. p. and mixed m. p. 
175 — 175-5'' (5 g., 18-5%), and ammonium bcnzenesulphonate, m. p. and mixed m. p. 283 — 285° (6-2 g., 
36-5%). 

Phenylacetamidine. — Benzyl cyanide (10 g.) and piperidinium bcnzenesulphonate (12-5 g. ; 1 mol.) 
similarly gave phenylacetamidinium bcnzenesulphonate, m. p. and mixed m. p. 186 — 186*6° (2*4 g., 
16%), and ammonium bcnzenesulphonate, m. p. and mixed m. p. 283 — 285° (2*7 g., 30%), after 14 
hours at 300°. . 

IS-Ethyl-p-mefhylsulphonylbenzamidine. — (a) A mixture of /?-methyIsulphonylphenyl cyanide( 9*05 g.) 
and ethylamraonium bcnzenesulphonate (10*15 g. ; 1 mol.) was heated at 275 — 280° for 80 minutes 
and the residue was recrystallised from hot water (100 c.c,). giving recovered cyanide (2 g.), m. p. and 
mixed m. p. 140 — 141°. The aqueous solution was extracted with chloroform and made alkaline with 
5N-sodiiun hydroxide, and the amidine (4*6 g. ; 41%) was collected in chloroform. This amidine was 
obtained as a gum, but N-ethyl-p-methylsulp^nylbenzamidinium picruie had m. p. 155*6 — 156° (Found : 
N, 15*4. CiaHi 70 |,N 5 S requires N, 15*4%). ^fhe toluene-p-sulphonate had m. p. 242° (Found : C, 51-2; 
H, 5*6; N, 7-2; S, 15*9. Cj^Ha^OgNaSg requires C, 51*25; H, 5-5; N, 7*0; S, 16*1%). 

(fe) A mixture of the cyanide (5 g.) and ethylammonium chloride (5 g. ; 2*2 mols.) w'as heated at 
250" for an hour and afforded 1*3 g. of recovered cyanide and 3-5 g. (56%) of crude amidine which gave 
3*7 g. (34%) of pure toluene-/)-sulphonate, m. p. and mixed m. p. 242°, After SJ hours at 224° a mixture 
of the cyanide (5-43 g.) and ethylammonium chloride (9*8 g. ; 4 mols.) afforded 27*6% of recovered 
cyanide and 43% of amidine, isolated as toIuene-/)-sulphonate. 7'he following experiments with 5*43 g. 
of cyanide and 2-45 g. (1 mol.) of ethylammonium chloride illustrate the influence of experimental 
conditions on the yield of amidine. 


Temp 200—202° 224° 224" 224° 230” 

Time, hrs 1 2 4 14 1 

Recovered cyanide, % 92 5T6 44-2 38*7 64*5 

Yield of amidine, % •* 2*85 15*9 26-7 32-3 17*9 


* Isolated as toluene-/>-su1phonate, m. p. 242°. 

(r) .V-Ethyl-y>-methylbulphonylbenzamidine was also produced when the cyanide (5*5 g.) and di- 
ethylammoniiim bcnzenesulphonate (7 g. ; I mol.) were heated at temperatures within the range 280 — 
326°. The reaction mixture was worked up as described in (a), and the principal basic product was 
identified by the analysis and mixed m. p. of its toluenc-^-sulphonate. Before purification this salt 
gave a faint Fuller reaction and therefore probably contained traces of ^-methylsulphonylbenzamidinium 
toluene-/)-siilphonate. The mother liquors may have contained ;ViV-diethyl-/>-methylsulphonyl- 
benzamidinium toluene-^-sulphonate as a minor constituent. The results are summarised in the 
following table. 


Temp 280° 295° 310—312° 325—326" 

Time, hrs 2 i i i 

Recovered cyanide, % 85 82 71 42 


.V-Ethyl-/)-methylsulphonylbenzamidinium 

toluene-/?-sulphonate (m. p. 242°), % 0*83 1*65 3;6 4-55 

[d) Triethylammonium bcnzenesulphonate, prepared from its constituents and crystallised from 
isopropanol to constant m. p., formed hexagonal plates, m. p. 119° (Found : N, 5*6. Calc, for 
C 12 H 21 O 8 NS : N, 5*4%). Norton and Westenhoff {Amer. Chem. J., 1888, 10 , 133) record m. p. 120— 
121°. A mixture of this salt (12*95 g. ; 1 mol.) and />-methylsulphonylphenyl cyanide (9*05 g.) was 
heated at 305 — 306° for 30 minutes. Gas evolution began at ca. 240° and continued throughout* the 
odour first resembling that of ethylamine but subsequently changing to that of a heterocyclic base. 
The product, which solidified on cooling, afforded 6*3 g. (70%) of recovered cyanide, m. p. 141 — 142°, 
and 0*66 g. of a crude base, from w^hich only 0*04 g. (0*2%) of iV-ethyl-/>-methylsulphonylbenzamidinium 
taluene-/>-sulphonate, m. p. and mixed m. p. 242°, was obtained. 

H^’MethyUp-nitrohenzamidine . — A mixture of /)-nitrophenyl cyanide (7*4 g.) and methylammonium 
chloride (3*9 g. ; 1*2 mols.) became homogeneous after an hour’s heating at 224° and after a further 
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3 hours at this temperature afforded 4-3 g. of recovered cyanide, m. p. 147^\ and 0-7 g. (8%) of N-methyl- 
p-nitrobenzamidine, m. p. 137*5® (Found : N, 23*4. CgHgOaNj requires N, 23*5%) , The picratc 
crystallised from isopropanol in needles, m. p. 174*6® (Found : N, 20*6. C,4Hia09Nj requires N, 20*6%). 

'I^^-Diethylhemamidine, — Benziminoethyl ether (10 g. ; b. p, 106— 108°/16 mm., Wheeler, Walden, 
and Metcalf, Amer. Chem. 1898, 20 , 71), diethylammonium benzenesulphonate (15*6 g. ; 1 mol.), 
and anhydrous ethanol (20 c.c.) were kept at 50® for 21 hours, then cooled and filtered to recover 
diethylammonium benzenesulphonate (6*6 g.). The filtrate was evaporated under diminished pressure 
and the residue was shaken with 2N-sodium hydroxide and chloroform. The dried chloroform solution 
was evaporated and the residue distilled. The first fraction, b. p. 65 — 85®/3 mm. (1 g.), smelled of phenyl 
cyanide, and the amidine, b. p. 85 — 90® (almost entirely at 88 — 89®/3 mm.) (6*1 g., 51*6%), then distilled 
leaving a residue (1*5 g.) of 2 : 4 : 6-triphenyl-l : 3 : 5-triazine, m. p. 236® (Found : C, 81*5; H, 5*1 ; 
N, 13*6. Calc. forCaiHuNg : C, 81*55; H, 4*9; N, 13*6%). Kobin (Ann. Chim., 1921, 16, 113) records 
in. p. 235°. ^1:^-Diethylbenzamidinium picratc crystallised from methanol in plates, in. p. 161° (Found : 
N, 17*35. Cj 7H,907N5 requires N, 17*3%), and the toluene-p-sulphonate had m. p. 126° (Found : N, 
8*1. C18H24O3N8S requires N, 8 05%). When the imino-ether, benzenesulphonate, and ethanol were 

refluxed for 14 hours (internal temperature 90°), the yield of amidine was 5*1 g. (43%). 

JViV-Diethylbenzamidinium toluene-/>-sulphonate began to decompose with evolution of phenyl 
cyanide at 216 — 220°, and after J hour at 260° the residue afforded diethylammonium toluene-p-sulphonate, 
m. p. and mixed m. p. 103°, after being washed with ether and crystallised from i5opropanol--ether 
(Found ; N, 5*7. Calc, for C11H19O3NS : N, 5*7%). Norton and Often (Amer. Chem. J ., 1888, 10 , 
140) record m. p. 88°. 

Considerable pressure was developed when phenyl cyanide (8-5 g.) and diethylammonium benzene- 
sulphonate (19 g. ; 1 mol.) were heated in a sealed tube for 22 hours at 345—350". The resulting mix- 
ture of brown oil and colourless plates was triturated with chloroform and gave ammonium benzene- 
sulphonate, m. p. and mixed in. p. 283 — 285° (11*6 g., 81%). The oil isolated from the chloroform 
solution distilled over a very wide range and afforded neither fractions of constant boiling point nor 
crystalline picrates. 

lSiN-Diethyl~p-methylsulphonylbenzamidine. — (a) A solution of /)-methylsulphonylphenyl cyanide 
(9*05 g.) in ethanol (2*5 g. ; 1*1 mols.) and chloroform (60 c.c.) was treated with a current of hydrogen 
chloride until 2*3 g. (1*3 mols.) had been absorbed. The imino-ether hydrochloride (8*4 g.), m. p. 220 — 
225° (decomp.), was collected after being kept for 60 hours at room temperature (cf. Fuller, Tonkin, 
and Walker, 1945, 636; Andrewes, King, and Walker, Proc. Roy. Soc., 1946, B, 133 , 46). The imino- 
ether (5*6 g., 49%), obtained as a viscous gum by shaking the hydrochloride with 5N-sodium hydroxide 
and chloroform, was heated with diethylammonium benzenesulphonate (6 g. ; T05 mols.) for IJ hours 
at 140°. Alcohol was evolved, and trituration of the crystalline product with chloroform afforded an 
almost insoluble solid (0*35 g.) which separated from pyridine in colourless needles, m. p. >360°, and 
was probably 2:4: Q-tris~p-methylsulphonylphe7iyl-\ : 3 : o-iriazine (Found : N, 8*0. C„H„O.N,S, 
requires N, 7*7%). Concentration of the chloroform solution afforded recovered cyanide (1*3 g., m. p. 
and mixed m. p. 141°) and then the crude amidine (2 g., 32%) wdiich gave a picratc, m. p. 184*5°, identical 
with that obtained from A\V-diethyl-^-methylsulphonyJbenzamidine prepared by the aluminium 
chloride method (below). 

(5) The cyanide (4*5 g.) and diethylammonium benzenesulphonate (23*1 g. ; 4 mols.), heated at 
224° for 14J hours, afforded 3*5 g. of recovered cyanide and the crude amidine (0*5 g., 8%) which afforded 
the pure picrate, m. p. and mixed m. p. 184*5° (0*83 g., 7%). Almost the same yields were obtained 
when diethylammonium chloride (11 g, ; 4 mols.) was used in place of the benzenesulphonate and the 
mixture heated at 224° for 2^ hours. 

(c) The preparation of this amidine by the aluminium chloride method is described below\ 

i^N-Pentameihylene-p-methylsulphonylbenzamidine . — y?-Methylsulphonylphcnyl cyanide (4-5 g.) and 
piperidinium benzenesulphonate (24*3 g. ; 4 mols.) were heated at 230° for 4 hours and gave 2*4 g. of 
recovered cyanide and 1*8 g. (27%) of iVN-pentamethylene-p-methylsulphonylbenzamidine, m. p. 97°. 
The amidine afforded a toluene-^-sulphonate, m. p. 230 — 231°, and there was no depression in m. p. 
on admixture of the amidine and its salt with preparations made by the aluminium chloride method 
(see below). 


Preparation of Amidines from Cyanides, Bases, and Kalionoid Reagents.* 

Except where otherwise indicated, the cyanide and the base were employed in the proportion of 
one mol. of base per cyano-group, and one mol. of aluminium chloride (reckoned as AlClg) or of zinc 
chloride was added to the mixture. The experimental conditions used varied considerably and did not 
appear to be critical. The yields recorded are not necessarily the highest obtainable since a systematic 
examination of the effect of conditions on the yield of amidine was made in only a few cases. The 
reaction product, consisting of a complex of the amidine with the catalyst, was carefully decomposed 
with water and, when the amidine hydrochloride was sparingly soluble in water, it separated on cooling 
from the hot, filtered solution. Usually, however, the amidine was liberated from the solution by excess 
of aqueous sodium hydroxide, collected in chloroform, and then isolated as base, picrate, or hydrochloride. 
The methods employed follow closely those described in previous parts of this series, to which reference 
is made for earlier descriptions of many of the amidines (Part I, Oxley and Short, /., 1946, 147 ; Part II, 
Oxley, Robson, Partridge, and Short, ibid., p. 763 ; Part III, Oxley and Short, this vol., p. 382 ; Part I V, 
Partridge and Short, ibid., p. 390 ; Part V, Hullin, Miller, and Short, ibid., p. 394). 

Benzamidine. — (a) A mixture of phenyl cyanide (2*1 g.) and aluminium chloride (5*3 g. ; 2 mols.) 
was heated at 100° for 30 minutes in an atmosphere of dry ammonia, and the amidine was isolated as 
picrate, m. p. and mixed m. p. 239 — 240°. Yield, 3*95 g. 

(6) Phenyl cyanide (2*06 g.), ammonium benzenesulphonate (3*5 g. ; 1 mol.), and trixihenyl borate 

♦ See also B.P. Applns.. 22748 and 22749 (4.9.1945). 
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(5*8 g. ; 1 moj.) gave a 00% >ield of benzamidmium benzenesulphonate, m. p. and mixed m. p. 17d — 
175'6®, when heated at 160"' in a stream of drv ammonia for 5 hours. 

o^NUrdbenzamidine. — <?-Nitropheny] cyanide f5*6 g.), aluminium chloride (5 g.), and urea (36 g. ; 
16 mols ) were heated at 180^ for 2 hours with vigorous stirring. The amidine was isolated as picrate, 
m. p. 228~~^229^' (Found : X. 21*4. Calc, for : N, 21-3%). Yield, TO g. The m. p, of 

0- nitrobenzamidinium picrate is recorded in Part I as 232 — 233‘' (decomp.). 

p-NUrobensanudiHe. — (a) This amidine was prepared from /)-nitrophenyl cyanide (1-5 g.), aluminium 
chloride, and urea in the i)roportions used in the previous example, and was isolated either as base, 
m. p. 216 ' (decoinp.), or as pkrate, m. p. 239 — 240® (Part I). After 15 minutes at 180® the yield Avas 
26% and rose to 60‘\, after 30 minutes. When only 8 mols. of urea were employed, the reaction mixtures 
solidihed after 20 minutes and the yield of f>-nitrobenzamidine was only 4%. 

(b) A mixture of />-riitrophenyl cyanide (1-5 g.), urea (9*6 g. ; 16 mols.), and zinc chloride (1-4 g.) 
afforded a homogeneous mixture after being stirred at 180® for 15 minutes, and after another 15 minutes 
at this temperature the yield of amidine, m. p. 212®, was 38%. 

(c) A 9-1% yield of amidine was obtained when the cyanide (3 g.) and zinc chloride (2*8 g.) were 
heated at IHO ior 15 minutes in a stream of ammonia. After 15 minutes at 135 — 140® the yield was 

1- 5%. 

(d) When />-nitropheiiyl cyanide (T5 g.), urea (9*6 g. ; 16 mols.), and anhydrous ferric chloride 
(1*6 g.) were heated to 120 , an exothermic reaction raised the temperature to 180®, and the cooled reaction 
mixture then afforded a 30% yield of the amidine. 

{(') The cyanide (1*5 g.), urea (2-4 g. ; 4 mols.), and stannic chloride (2*6 g.) afforded a 56% yield of 
amidine, isolated as picrate, m. p. 230-— 232®, after 30 minutes at 180®. Recrystallisation from methanol 
raised the m. p. of the picrate to 238 — 239®. 

p- Meihylsul phonylbenzamidine . — (a) A mixture of ^-metliylsulphonylphenyl cyanide (9 g.), aluminium 
chloride (6-7 g.), and urea (48 g. ; 10 mols.) was heated at 180® for 30 minutes. The amidine was isolated 
as the picrate, m. p. and mixed m. p. 263 — 264® (Part IV). Yield, 1 1*5 g. 

/j-Mcthylsulphonylphenyl cyanide (4*5 g.) and aluminium chloride (3*3 g. ; 1 mol.) afforded a brown 
complex when heated in benzene (250 c.c.). This solid, which softened at 95 — 106° and decomposed at 
120 — 125® with gas evolution, gave a trace of amidine (Fuller reaction) when heated in a stream of 
ammonia in various solvents. A similar result was obtained when zinc chloride, ferric chloride, or 
stannic chlorid(* was substituted fOr aluminium chloride. Only traces of amidine were formed when the 
cyanide and aluminium /.sopropoxide were heated in ammonia at 100^ or 110' , 99% of the cyanide being 
recovered. 


[b) A mixture of />-metliylsulphonylphenyl cyanide (1*81 g.) and triphenyltin chloride (3*85 g. ; 
1 mol.; Ko/eschkov, Nadj, and Alexandrov, Ber., 1934, 67, 1348) was heated for 24 hours at 100® in 
a stream of ajiimonia, anti the amidine was isolated as \y-niefhylsuIphonylbenzamidimum tolmne~ip^ 
sulphonatc, m. j). 292 — 293 ' (Found ; N, 7*6. Cx5Hi805N.,S2 requires N, 7*6%). The vicld was 2*75 g. 

(74%). 


(0 A 40% yield of the toluene-^-sulphonate was similarly prepared from the product obtained b}' 
heating the cyanide (3 62 g.) and triphenyl borate (5*8 g. ; 1 mol.) in a stream of ammonia for 17 hours 
at 100®. No amidine was obtained when tribenzyl borate (1 mol.) was used in place of triphenyl borate. 

P-Naphthamidine . — A mixture of /9-naphthyl cyanide (l*5g.), urea (9-6 g. ; 16 mols.), and aluminium 
chloride (1-3 g.) evolved ammonia when heated but was not completely homogeneous after 1 hour at 
180®. 'I'hc product afforded j8-naphthamidinium picrate (0*15 g.), m. p. 248®, and recrystallisation 
from methanol gave the pure product, m. p. and mixed m. p. 252® (Part 1). 

Phenylacelamidine . — Phcnylacetamidinium picrate (I JS g.). m. p. and mixed m. p. 227 — 228® 
(decomp.), was prepared from the homogeneous melt obtained by heating benzyl cyanide (1*2 g.), urea 
(9*6 g. ; 16 mols.), and zinc chloride (T4 g.) at 180® for an hour. The same m. p. is recordtjd in Part IV. 

X-Phenyl- and y^'S'-[)iphenyl-acetamidine.’--~Vov;dered aluminium chloride (66*6 g.) was added in 
portions during J hour to methyl cyanide (20*6 g.) and aniline (46-5 g.) so that the temperature remained 
at 90 — 100-, and the mixture was kept at 100® for an hour, 'i'he mixture of bases (58*7 g.), isolated 
from the product in the usual way, afforded crystals (3*9%) of iV.V'-diphenylacetamidine, m. p. 131 — 
132 on recrystallisation from aqueous methanol. A second recrystallisation from aqueous methanol 
afforded the pure amidine, in. p. 133*6 — 134° (cf. Part III). 1'he original mother liquor was made acid 
to brilliant-yellow with ethanolic picric acid and the crude picrate was recrystallised from methanol 
giving .V-pheiiylacetamidiniuin picrate, m, p. 194 — 196® (Found : N, 19*3. Calc, for C14H13O7N6 : 

19*3%), higher than the values previously recorded (Part ill). Yield, 91*6 g. 

S-cycloHcxyl-aa-dicthylacetamidine .* — Wien powdered aluminium chloride (10*6 g.) was added in 
one portion to 1-ethylbutyI cyanide (7*7 g. ; Ziegler and Ohlinger, Annalen, 1932, 496 , 110) and cyclo- 
hexylamine (9*6 g. ; T2 mols.), the temperature rose to about 200\ When the temperature had fallen 
to 100°, the product was mixed with ice (100 g.) and the solid was collected and washed with a little 
ether. Recrystallisation of the solid (12 g.) from 0*5N-hydrochloric acid (125 c.c.) afforded 5*1 g. of 
XjCycXohexyl-aa-diethylacetamidinium chloride, m. p. 240 — 242® (Found : N, 12*3. CuH^jN^Cl requires 


X-Benzylhenzawidine . — Aluminium chloride (13*3 g.) was added with stirring during 30 minutes to 
phenyl cyanide (10*3 g.) and benzylamine (10*7 g.) so that the temperature remained below 120°. After 
20 minutes* heating at 180®, the amidine was isolated, collected in chloroform, and converted in aqueous 
solution into the hydrochloride, m. p. and mixed m. p. 227 — 229® (Part V). The yield of hydrochloride 
was 10*6 g., and 8*6 g. of .V-benzylbenzamidinium picrate, m, p, 162 — 164®, were obtained from the 
mother liquor and sodium picrate solution. Recrystallisation from ethanol raised tlie m. p. of the 
picrate to 169 — 170® (Part V). 


X-o-Nitrophenylbenzamidine. — o-Nitroaniline (13*8 g.) was dissolved in phenyl cyanide (10*3 g.) at 
60 \ finely powdered aluminium chloride (13*4 g.) was then added, and the mixture was stirred at 140® 


"* Preparation by J. Miller. 
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for 20 minutes. The amidine was liberated, collected in chloroform, dissolved in an equivalent of 
5 N-hydrochloric acid, and mixed with aqueous sodium picrate. Recrystallisation of the precipitate 
from aqueous cellosolve afforded '^•o-nitYOphenylhenzamidinium picrate, m. p. 208 — 209® (Found : 
N, 17-9. CjjHiiOjNe requires N, 17*9%). Yield, 6*92 g. ^ 

'^-^•Pyriaylhenzamidine . — When aluminium chloride (6*7 g.) was added to a mixture of phenyl 
cyanide (5*16 g.) and 2-aminopyridine (4-7 g.) the temperature rose to 160® and the reaction was com- 
pleted by heating at 200° for 15 minutes. Crystallisation of the crude amidine from light petroleum 
afforded lt^-%-pyridylbenzainidine , m. p. 99 — 99-5‘ (Found : >3, 21-3. requires N, 21-3%). 

Yield, 6- 1 g. The picrate crystallised from methanol in plates, m. p. 209° (Found : N, 19-9. C, rH 
requires N, 19*7%), and the toluene-p-sulphonate had m. p. 171-5° (Found : N, 11-6. 
requiresN, 11*4%)- 

S-Phenylbenzamidine . — A mixture of phenyl cyanide (5-2 g.), aniline {4*7 g.), and zinc chloride 
(6-8 g.) was heated at 110 — 115° for 30 minutes, and the temperature was then quickly raised to 210° 
to give a homogeneous melt, which was then cooled immediately. The crude amidine afforded 0-54 g. 
of AT-phenylbenzamidine, m. p. and mixed m. p. 116° (Part 1), on crystallisation from ethanol, and a 
second crop (2-6 g.), m. p. 112°, gave pure amidine (2-45 g.) when purified through the toluene-j^-sulphonate. 

^-Benzylanisamidine . — The temperature rose to about 200° wiien aluminium chloride (13-4 g.) 
was added to p-methoxyphenyl cyanide (13-3 g.) and benzylamine (11 g.). The product was crystallised 
from water giving H-benzylanisamidinium chloride, m. j). 225° (Found : N, 10- J. CjgHj^ONaCl requires 
N, 10*1%). Yield, 22*8 g. y\-Benzylanisamidine crystallised from light petroleum (b. p. 80 — 100°) in 
prisms, m. p. 89° (Found : N, 11-5. CigHigONg retpiires N, 11-7%). 

N-cycloHexylanisamidine. — /j-Methoxyphenyl cyanide (6-65' g.), ryr/ohexylamine (6-0 g,), and 
aluminium chloride (7 g.), brought into reaction as described in the previous examphj, afforded N-cyclo- 
hcxylanisamidinium chloride (12-6 g.), m. p. 275 — 276° (decomj).) (Found : N, 10*4. C»H„ON,a 
requires N, 10-4%). ’^-cycloHcxylamsaimdme , purified by sublimation in a. vacuum, had m. p. 100° 
(Found : N, 12-3. requires N, 12-1%), and t]w picrafe crystallised from ethanol in needles, 

m. p. 141° (Found : JM, 15-3. CgpHjjgOgNB requires N, 15-2%). 

N-Phenyl-2 : 4:-dichlorohenzamidine . — Powdered aluminium chloride (6*7 g.) was added during 10 
minutes to a solution of 2 : 4-dichloropheiiyl cyanide (8-6 g.) in aniline (4-7 g.) prepared at 50°. The 
temperature rose to ca. 130° during the addition and the reaction was completed by heating at 140° 
for an hour. The crude amidine (12-7 g.) was converted into N-phcnyI''2 : i:-dichlvrobenzamidinium 
chloride (11-1 g.), m. p. 147 — 149°'(iH)und : N, 9-0. la requires N, 9*3%). Addition of sodium 

j)icrate to the mother liquors afforded the picrate (2-4 g.), m. p. 148 — 140° (i^oiind : A', 13*0. 

C-igHiaO^NBCla requires N, 14-15%). 

^-2-Pyyidyl-y}-methylsulphonylhenzamidini\ — Aluminium chloride (4-5 g. ; 0*7 mol.) was added with 
cooling to p-methylsulphonylphenyl cyanide (9-05 g.) and 2-aminopyridin(‘ (4-7 g.), and the mixture 
was then heated at 180° for 30 minutes. ^-2-Pyridyl-]^-niet1iyhHlplwnylbcyizaniidiue (10-1 g.) crystallised 
from methanol in colourless platc.s, m. p. 170-5° (Found : X, 15-5. CjsHjaOoXaS requires N, 15-3%). 
d'lic base afforded a monopicrate, m. p. 208 — 208-5 ' (lufuiid : X, 16-4. Ci{,il j^O^NgS requires X, 
16-7%), Less than 0*1 % of this amidine was produced when the cyanide and 2-aminopyridine bonzene- 
sulphonato (4 mols.) were heated at 224° for 5 hours. 

N-cyc\oll cxyl phenylaoctamici im\ — {a) The addition of aluminium chloride (13*4 g.) to benzjd cyanide 
(11-7 g.) and f^rc/ohexylaminc (9-9 g.) was regulated so that tiu^ temperatuTe of the mixture did not exceed 
i40°, and the cold reaction product was decomposed by cold wat(T (100 c.c.). The crude hydrochloride 
(22-7 g., m. p. 299 — 300° decv)mp,) was collected after cooling, and recrystallisation from water afforded 
\-izyc\ohexylphenylacctaniidinium chloride, m. p. 301 — 302 (decomp.) (Found : N. 110. C„H„.N,a 
r(-quiresN, 11-1%). ^-cycloHexylphenylacetamidinc cryiyVciWi^vd from light petroleum (b. p. 100 — 12()‘) 
in needles, m. p. 122*5° (Found: N, 12*95. Cl4H2„X^i rcqirres X', 130%). The picrate had m. p. 
103 — 105° (Found : N, 15-9, CaoH330,N6 requires N, 15-7%). The effect oJf \ ariations in the proportion 
of reactants and in the reaction conditions on the yield of amidine is shown in the table below. Each 
experiment was performed with 11-7 g. of benzyl cyanide, and variations in the reaction time were due 
to the necessity of controlling the temperature in some exi>erinamts by rtigulating tlic rate of addition 
of aluminium chloride and in others by heating tlie reaction mixture. 


Benzylamine (mols.) 

Aluminium chloride (mols.) ... 

Temp 

Time, mins 

Yield of amidine, % 


1 

1 

1 

1 

1 

1 

3 

1 

0 - 3 : 

1 

0-5 

0-25 

01 

0-5 

0-5 

0-5 

0-7 

(^5 

140° 

140° 

140° 

140'’ 

80° 

80^ * 

SO- 

15° 

SO' 

20 

20 

35 

35 

60 

150 

60 

60 

60 

90 

88 

50 

33 

66 

31 

86 

7*5 

78 t 


Benzene (50 c.c.) w^as used as solvent. 


t Calculated on the amine. 


(6) The temperature rose to ca. 60° when anhydrous zinc chloride (13-7 g.) was added to benzyl 
cyanide (11-7 g.) and cyc/ohexylamine (9-9 g.), and after 2 hours at 200° iV-cvc/ohexylphenylacettimidinc 
(i -2 g. or 6%), m. p. and mixed m. p. 122*5°, was isolated from the reaction product. After 30 minutes 
at 100° the yield of amidine was 5%. 

'N’CycloHexyl-l~amidino-n~hepiane. — An exothermic reaction occurred when aluminium chloride 
(2*7 g.) was added to w-heptyl cyanide (2-5 g.) and cyc/ohexylamine (2 g.), and the temperature rose to 
ca. 200°. The reaction mixture, which was allowed to cool immediately, afforded N-cyc\ohexyl-l-amidhW‘ 
n-heptane hydrochloride (6-1 g.), m. p. 200° (Found: N, 10-65. Ci^HagNgCl requires N, 10*75%). The 
picrate had m. p. 102° (Found : N, 15*6. C20H3XO7N5 requires N, 15*45%). 

1 : Z Bis-{^~phenyl-^-amidinophenoxy)propane. — Powdered aluminium chloride (2-67 g. ; 1 mol.) 

was added during 10 minutes with stirring to a mixture of 1 : 3-bis-(4-cyanophenoxy)propane (5-6 g.) 
and aniline (3*7 g. ; 2 mols.) previously heated to 140°, and, after 20 minutes at this temperature, 
the mixture was cooled and decomposed with hot aqueous alcohol. The crude amidine (6-4 g.) w'as 
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libera te<i and converted into 1 : *i-bi$-{^-phenyl‘4-amidinophenoxy)propane benzenesulphonate, m. p. 
219 — 220*^ (Found : N, 7*3. C 41 H 40 O 8 N 4 SJ requires N, 7*2%). The amidine had m. p. 206 — 207"^ 
(Found : N, 12- 1 . C 29 H 28 O 2 N 4 requires N, 12*1%), and the hydrochloride, m. p. 287 — 288® (decomp.) 
(Found : N, 10-6. C28H3o02N4Cla requires N, 10*4%). 

'HiH Pentamethylenebenzaniidine , — Aluminium chloride (13'4 g.) was added during 20 minutes with 
cooling in ice- water to phenyl cyanide (10*3 g.) and piperidine ( 8*6 g.), and the mixture was subsequently 
heated on the steam-bath for IJ hours, iViV-Pentamethylenebenzamidine (6*9 g.), b. p. 98°/0'5 mm., 
was isolated from the })roduct and converted into the picrate, m. p. and mixed m. p. 173 — 174® (Part IV). 

f^-Phenyl-^-methylbenzamidine . — Aluminium chloride (6-7 g.) was slowly added to phenyl cyanide 
(6*15 g.) and methylaniline (5*35 g,), and, after 20 minutes at 160®, A^-phenyl-AT^-methylbenzamidine 
(10*5 g.) was isolated ; it crystallised from light petroleum (b. p. 60 — 80®) in needles, m. p. 85*6® (Found : 
N, 13-3. Calc, for C 14 H 14 N 2 : N, 13*3%). The picrate had m. p. 187® (Found : N, 16*9. Calc, for 
CaoHi-OvNs ; N, 15-9%). The m. p.s of the amidine and its picrate are recorded in Part V as 85® and 
186 — 188® respectively. 

fsi^'Diethyl-^-methylsulphonylbenzamidine , — A mixture prepared by slowly adding aluminium 
chloride (7 g.) to p-methylsulphonylphenyl cyanide (9-05 g.) and diethylamine (7*3 g. ; 2 mols.) was 
heated on the steam-bath for 1 ^ hours, and afforded the crude amidine ( 12-8 g.) as a gum. NN-Di^/Ay/- 
p~methylsulphonylbenzamidinium picrate had m. p. 184*5® (Found : N, 14*7. requires 

N, 14*5%), and the toluene-p-suiphonate had m. p. 162® (Found : N, 6 * 6 . CijHggOjNgSg requires N, 
6 * 6 %). 

H^-Peniamethylene-p-ynethylsulphonylbenzamidine , — {«) A mixture of ^-methylsulphonylphenyl 
cyanide (9*05 g.), piperidine (8*5 g. ; 2 mols.), and aluminium cliloride (7 g.), prepared and heated as in 
the last example, afforded ^"^-pentameihylene-p-meikylsulphonylbenzamidine (13*1 g.), m. p. 97® (Found : 
N, 10*4. CiaHigOaNgS requires N, 10*5%). The picrate was first obtained from methanol in slender 
needles, m. p. 199 — 199*5® (Found : N, 14*2. CigHjiO^NgS requires N, 14*5%), but a second form 
crystallising from the same solvent in cubic crystals, m. p. 188*5®, was subsequently obtained. The 
lower-melting form was converted into the needle form, m. p. 199*5®, at its m. p., and either could be 
obtained by inoculating a methanolic; solution with a crystal of the desired form. The toluene-p-suiphonate 
crystallised from alcohol in prisms, m. p. 230 — 231® (Found : N, 6*5. CgoHgeOgNjSg requires N, 6*4%). 

’ The following experiments, performed on a 0*025 g.-mol. scale using equimolecular proportions of 
the reactants, illustrate the influence of solvents on the yield of amidine. The yields are in tenns of 
the picrate, m. p. 199*5 . 


Solvent. Nitrobenzene. Chloroform. Carbon tetrachloride. Benzene. 

Vol., c.c 20 25 25 25 25 

Temp 95^' 65" 80® 85" 85® 

Time, hrs 1 2 2 2 6 

Yield, % 25 15*2 25*0 56*5 60*5 


(b) Triphenylaluminium, prepared from aluminium turnings (1 g., 2*7 atoms) and diphenylmcreury 
(5 g. ; 1 mol.) (cf. Hilpert and Gruttner, Bar., 1912, 46 , 2828), was mixed with p-mcthylsulphonylphenyl 
cyanide (2*5 g.) and piperidine (1*2 g., 1 mol.). The temperature rose spontaneously to 125® and was 
maintained by heating for another 10 minutes. The crude amidine (1*7 g.) was isolated, and afforded 
the pure ihcrate (2*2 g,, 32%), m. p. 199*5®. 

{c) A solution of p-methylsulphonylphenyl cyanide (3*62 g.), piperidine (1*7 g. ; 1 mol.), and triphenyl 
borate (5*8 g. ; 1 mol.) in benzene (10 c.c.) was boiled for 2 hours (internal temp. 85®) and diluted wdth 
chloroform, and the amidine was extracted with dilute sulphuric acid. The yield of picrate, m. p. 
199*5®, was 3*6%. 

(d) The preparation of this amidine by the benzenesulphonate method is described above. 
i^'S-Diphcnylpicolinamidine, — 2-Cyanopyridine (5*2 g.) and diphenylamine (8*5 g.) were warmed 
until a homogeneous mixture was obtained, and powdered aluminium chloride (6*7 g.) was then added 
with stirring, the temperature rising to 85®. The mixture was heated at 140° for 30 minutes and the 
amidine was then liberated and collected in chloroform. The crude amidine (10*4 g. ; m. p. 116 — 118®) 
was crystallised several times from light petroleum and afforded "^^-diphcnylpicolinamidine , m. p. 
129 — 130® (Found ; N, 15*2. CigHjgNa requires N, 15*4%). The picrate crystallised from methano 
ill prisms, m. p. 164*5 — 165*5® (Found : N, 16*5. C 24 H 18 O 7 N 4 requires N, 16*7%). 

Research Laboratories, Messrs. Boots Pure Drug Co. Ltd., 

Nottingham. [Received, November 21th, 1946.] 


210 . The Preparation of Benzylamines from Benzyl Halides and 

Hexamethylenetetramine. 

By John Graymore. 

A new method for the preparation of cyclic methyleneimines and thence the corresponding 
primary amines is described, as is also a method for the preparation of benzylmethylamine. 

I'he work also shows that these methyleneimines may be converted into the corresponding 
aldehydes by heating with hydrochloric acid providing the methyleneimine be in excess. 

Various investigators have described methods for the preparation of primary amines from 
hexamine-alkyl halides (Del^pine, Compt. rend., 1896, 120, 601 ; Bull. Soc. chim., 1897, 17, 290; 
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Benzyl Halides and Hexamethylenetetramine. 


Compt. rend,, 1897, 124, 292; Galat and Elion, J. Amer. Ghent. Soc., 1939, 61, 3585). The 
present method depends on the preparation of a methyleneimine by decomposition of an aqueous 
solution of a quaternary compound such as hexamine-benzyl chloride in the presence of excess 
of ammonia, and subsequent hydrolysis of the c^^clic methyleneimine by excess of hydrochloric 
acid : 


«(CH 2 )eN 4 .CeH 5 -CH 2 Cl + 8 NH 3 — ^ f 

3(CeH6-CH5j-N:CH2)2 + 6HC1 + — >• eCflHs-CHg-NHg.HCl + OCHgO 

Hoch (D.R.-P. 139,394) showed that the oil obtained by adding excess of sodium hydroxide 
to hexamin e-alkyl halides gave a cyclic methyleneimine when gently heated. The cyclic 
methyleneimine could not, however, be obtained directly by heating an aqueous solution of 
hexamine-alkyl halide with sodium hydroxide. Heated alone, an aqueous solution of the 
quaternary compound gives benzaldehyde (Sommelet, Compt. rend., 1913, 157, 852). 

The ammonia serves the double purpose of ensuring ^the alkalinity of the solution, thus 
facilitating the polymerisation of the benzylmethyleneamine and so preventing its isomerisation 
to benzylidenemethylamine, and also combines with the liberated formaldehyde. 

The hydrochlorides of benzylamine and of ^-nitro-, /)-chloro- and w-methyl-benzylamine 
were obtained. The molecular weight (Rast) of the solid methyleneimine, obtained either by 
the above method or by direct condensation of benzylamine with formaldehyde, indicated it to 
be a mixture of the dimeride and the trimeride of CHglN’CH^Ph, although it is possible that at 
the high temperature of melting camphor depolymerisation occurs. Analysis of the addition 
product of the methyleneimine with methyl iodide also seemed to indicate that the 
methyleneimine is a mixture. Decomposition of the addition product by heating with water 
at 80'" gave the hydriodide of benzylmethylamine, a bcnzylmethyleneimine, formaldehyde, 
and a small quantity of a substance apparently the meihiodide of the trimeride : 


2(CeH5-CH2-N:CH2).,.(:H3T + 2U.fi HI + {C^UrfiU^-NXH^)., + CH.O 


The aqueous solution yields benzylmethylamine hydriodid(j. The method is thus suitable for 
providing the secondary amine pure and in good yield. The breakdown of quaternary 
derivatives obtained from the cyclic methyleneimincs to give secondary amines has been 
demonstrated jpreviously (Graymore, 1938, 1311) but the above decomposition differs in that 
the secondary amine is readily recoverable by virtue of the fact that the other products, save 
formaldehyde, are insoluble in cold water. 

It has been shown (Graymore, J., 1945, 293), following a suggestion of Sommelet (loc. cit.). 
that the condensation product of benzylamine with formaldehyde, dissolv^ed in hydrochloric- 
acid, gave benzaldehyde -when heated with hexamine. A similar result has now been achieved 
by heating the condensation product with two-thirds of the quantity of hydrochloric acid as 
required by the equation (CgHg'CHg’NlCH.^)., + 2HC1 ~ 2C3H5-CH2'NICH2,HC1, the excess of 
cyclic methyleneimine replacing the hexamine previously used. 


Experimental. 

Cyclic Benzylmethyleneimine . — Hexamine-benzyl chloride (90 g.) was dissolved in water (400 c.c.) 
containing an excess of ammonia (70 c.c.; d 0-88) and the solution heated under reflux (IJ hours). 
Formaldehyde (20 c.c. ; 40%) was now added to remove excess of ammonia and to precipitate'any free 
benzylamine as cyclic methyleneimine. The oily cyclic base was allowed to settle, the greater part of 
the supernatant liquor decanted, and the residue poured into a large quantity of cold water ; solidification 
of the oil was hastened by vigorous stirring. The solid was then ground, and washed well with cold 
sodium hydroxide and finally with cold water. The crude product (36 — 36 g.), bis{henzylmethylene- 
imine), recrystallised from cold benzene or light petroleum, had m. p. 46° and was identified by 
comparison with sample prepared directly from benzylamine and formaldehyde [Found : M (Rast), 
254. (CeHg'CHa'NICHglg requires M, 238J. From the decanted liquor, 60 g. of a mixture of hexamine 
and ammonium chloride were recovered. 

Benzylamine hydrochloride. The cyclic imine (10 g., crude), dissolved in excess of concentrated 
hydrochloric acid, was steam-distilled to remove formaldehyde and traces of benzaldehyde, and 
evaporated to small bulk; benzylamine hydrochloride crystallised in large plates (11 g.), m. p. and 
mixed m. p. 248 — 249°. 

Benzaldehyde from the cyclic base. To the cyclic metliyleneimine (10 g.) was added concentrated 
hydrochloric acid (6 c.c.) and the mixture was gently heated under reflux (1 hr.). The solution was now 
made strongly acid with dilute hydrochloric acid, refluxed for a minute, and the precipitated 
benzaldehyde removed by ether and identified; yield 4 c.c. (50%). 

Bis-(^-nitrobenzylmethyleneimine). — Hexamine-/)-nitrobenzyl bromide (60 g.) dissolved in water 
(300 c.c.) containing ammonia (60 c.c. ; d 0-88), was heated under reflux until the semi-solid orange 
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liquid which separated had formed a buff or biiff*orange solid (1 J hrs.) ; this was cooled, removed (yield 

g*)» ground, and recrystallised from hot benzene, forming small needles, m. p. 158®. It dissolved in 
dilute Itydrochloric acid and was reprccipitated as a buff powder. It was slightly soluble in alcohol but 
very soluble in ethyl acetate [Found : C, 58*5; H, 5*0; N, 16*8; M (Rast), 329. (C8H80jNj)2 requires 

€,58*5; H, 4*9; N, 17*07%; Jlf, 328]. 

(i) This dimer (14 g.) was dissolved in excess of hydrochloric acid (20 c.c., d 1*19, in 200 c.c, of water). 
Steam-distillation re.moved most of the formaldehyde, and the solution on concentration yielded 
j?>-nitrobenzylamine hydrochloride in yellow crystals (15 g., crude). Most of the yellow colour was 
extracted by washing with a small quantity of warm alcohoh and recrystallisation from water afforded 
needles decomposing at 256® (Found : Cl, 18*8. Calc, for C7Hg02N2,HCl : Cl, 18*8%). 

(ii) To the cyclic methyleneimine (6 g.) was added hydrochloric acid {d 1*19 ; 2*6 c.c.) and the mixture 
was gently refluxed (J hr.). After addition of an excess of dilute hydrochloric acid with cooling, 
/>“nitrobenzaldehyde separated (0*8 g.) ; a further quantity was obtained on dilution of the filtrate with 
water. Recrystallised from hot water, it was obtained as a pale yellow substance, m. p. 106®, identified 
by conversion into its 2 : 4-dinitrophenylhydrazone. 

DaomposUion of Hexamine-p-Chlorobenzyl Chloride. — The quaternary compound (30 g.), dissolved 
ill water (100 c.c.) containing ammonia (d 0*88; 30 c.c.), was heated under reflux (1 hr.). After cooling, 
tlie siqxirnatant liquor was decanted from the oily methyleneimine, the latter washed several times with 
wiiUiT, extracti^d with ether, and dritxi over solid sodium hydroxide. After removal of the ether, the 
base p'chlorobensylmethyleneimine was distilled under reduced pressure and obtained as a viscous oil, 
b. p. 220®/i.00 mm. (Found : C, 02*5; H, 5*21. CgHgNCl requires C, 62*6; H, 5*2%). The molecular 
weight was not determined. 

(i) This imine (6 g.) was dissolved in excess of hydrochloric acid, steam-distilled to remoye 
formaldehyde, and evaporated to small bulk, /)-chloroben 2 ylamine hydrochloride crystallising out on 
cooling; recrystallised from alcohol, it melted at 2.50® (6 g.) (Found : N, 7-9. Calc, for C^H^NCbHCl : 
N, 7*9%). 

(n) To the imine (6 g.) was added hydrochloric acid (d 1*19; .3 c.c.), and the mixture was heated 
gently under reflux (10 mins.). Kxcess of hydrochloric acid was now added, and boiling continued for 
.5 mins. On cooling, />-chlorobenzaldchyde separated as an oil which was extracted with ether. On 
removal of the ether it solidified (yield 2*5 g.). It was identified by oxidation to j5?-chlorobeiizoic acid, 
ill. p. and mixed m. p. 236°. 

m-Mcthylbenzylamine Hydrochloride. — To hexamine-m-methylbenzyl bromide (25 g.), dissolved in 
water (100 c.c.), was added "ammonia {d 0*88 ; 30 c.c.), and the solution heated under reflux (1 hr.). The 
syrupy oil which separated was removed, washed with cold water, dissolved in excess of hydrochloric 
acid, steam-distilled to remove formaldehyde, and the .solution concentrated. w-Methylbenzylamine 
hydrochloride separated, and recrystallised from water in needles (7 g.) (Found : Cl; 22*6. Calc, for 
CgHiaNCl: Cl, 22*5%). 

cycloH exylmethylcneimine. — Addition of cyt^/ohexylaminc (50 g.) slowly to formaldehyde (40 c.c., 
40%) precipitated an oil which solidified. From alcohol it crystallised in long prisms, m. p. 75® [Found : 

75*1; II, 11*7; N, 12*7; M (Rast), 144. C,Hx 3 N requires C, 75*6; H, 11*7; N, 12*6%; AT, 111. 
C^HnNICHa requires iW, 111]. 

Bcnzylmethylencmiiiw Methiodide. — To benzylmethyloneimine [1 mol. calculated as 
(C<jH 5 *CH 2 ’iSJXH 2 ) 3 J, rccrystallised from light petroleum and dissolved in dry ether, was added methyl 
iodide (H inols.)*! After one day the precipitated methiodide was filtered oft' [Found: C, 59*1; H, 
5-32; N,‘8*l; 1, 27*4. (C 3 H 5 *CIVM:CH 2 ) 3 ,CH 3 I requires C, 53*7; H, 5-5; N, 7*37; 1, 33*4%. 
(Cell 6 -CHa-N:CH 2 ) 3 ,CH 3 l requires C, 60*1; H, 6*0; N, 8;4; 1,25*5%]. 

Hydrolysis of Cyclic Benzylmethyleneimine Methiodide : Preparation of Benzylmethylamine Hydr- 
iodidc. — The foregoing addition compound (18 g.) was suspended in water (250 c.c.) in an open vessel 
and heated at 70 — 80° for one lioiir. The methiodide slowly decomposed, a sticky oil was deposited, 
and formaldehyde was evolved. On cooling, the oil partly solidified and a small quantity of a white 
solid (A, see below*) separated in needles (slightly soluble in hot water). The filtrate was evaporated on 
the water-bath to dryness, formaldehyde being evolved, and gave benzylmethylamine hydriodide in 
yellow needles (9 g., crude). Crystallised from hot alcohol (twice), it formed white needles, m. p. 164° 
(Emde, Arch. Pharm., 1909, 247, 364, gives m. p. 124°) (Found: C, 38*7; H, 4*8; N, 5*3; I, 51*2. 
Calc, for CgHiaNI : C, 38*6; H, 4*8; N, 5*6; I, 51*0%). It was further identified by conversion into 
jb-toluenesulphonbenzylmethylamide, m. p. 92 — 93° (Found: S, 11*4. Calc, for Ci,H„O.NS: S, 
11*6%). The residue (A, above) was ground, and extracted with ether. The ethereal solution yielded 
cyclic benzylnietliyleneimino, m. -p. 46° (4 g.) [Found: C, 80*6; H, 7*6; M (Rast), 242. Calc, for 
(C 3 H 9 N )2 : C, 80'6; H, 7*6%; jVf, 238]. The residue from the ethereal extract recrystallised from hot 
alcohol in needles, in. }>. 160— -161°, of the methiodide of tris(benzylmethyleneimine) (4 g.) (Found : 1, 
25*3; N, 8*17. CajHaoNgf requires I, 25*5; N, 8*4%). Heated with water at 80°, it decomposed slowly 
to give benzylmethylamine hydriodide, formaldehyde, and cyclic benzylmethyleneimine. At higher 
temperatures under reflux a small quantity of benzaldehyde is formed. 

Analysis and molecular-weight determinations were by Drs. Weiler and Strauss. 

Municipal College, Burnley. [Received, Jane \lth, 1946.] 
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211. The Kinetics of the Reaction between Copper and Iodine in Various 
Solutions. Part II. Solutions of Iodine in Organic Solvents. 

By L. L. Bircumshaw and M. H. Everdell. 

The kinetics of the reaction between copper and iodine when dissolved in carbon 
tetrachloride, chloroform, benzene, or diainyl ether has been investigated. In carbon 
tetrachloride and chloroform the rate appears to follow the equation dxl&t ^ k(a — x)jx, 
where the symbols have their usual significance. The influence of the state of the surface of 
the copper and the temperature coefficient has also been studied. Whereas in the work (Part 
I) on aqueous (potassium iodide) solutions of iodine it was shown for a large range of iodine 
concentrations mat the rate of reaction is unaffected by the presence or thickness of the film of 
cuprous iodide, yet with the above solutions the rate appears to be partly controlled by the 
thickness of the iodide film. 

In Part I (/., 1942, 598) the results of a study of the rate of reaction of copper on iodine in 
aqueous (potassium iodide) solution were communicated. It was shown that for a large range 
of iodine concentration the reaction was unimolecular with respect to the iodine concentration, 
and the rate was unaffected by the presence or absence of a cuprous iodide film or by the method 
of preparation or degree of smoothness of the copper surface. The increase in reaction rate 
found on increasing the potassium iodide concentrations to very high values was identified with 
the increase in the rate of diffusion of iodine in these circumstances. It was also demonstrated 
that the reaction proceeds by the diffusion of both iodine and solvent through the cuprous 
iodide film and not by the diffusion of copper ions. 

It is well known that iodine dissolved in aqueous potassium iodide is present largely in the 
form of the complex ion Ij", the proportion of free iodine molecules being very small. In the case 
of organic solvents giving violet solutions the iodine is considered to exist as simple molecules, 
whereas in the brown solutions obtained with ethers, ketones, or esters it exists mainly as a 
co-ordination complex with the solvent. The great difference in the state of the iodine in 
aqueous solutions on the one hand, and in organic solvents on the other, might be expected to 
have a considerable effect on the kinetics of the reaction between copper and iodine, and it was 
decided to extend the work to solutions of the latter type. 

This work may be divided into the following sections : (1) Experiments carried out between 
copper and iodine in carbon tetrachloride solution at 25°. The initial concentration of the 
solutions varied from 0-()025 to 0*04 g.-atora/l. (2) Experiments at 25° in chloroform, benzene, 
and diamyl ether, showing the effect of change of solvent. (3) Experiments at 0°, 25°, and 30°, 
showing the effect of change of temperature. (4) Experiments at 25°, showing the influence of 
the .state of the copper surface on the rate of reaction. 

ExPEK IM E .N' TA L . 

The experimental method has been described (Part 1. loc. at.). Briefly it consisted in rotating 
.strips of thick copper foil of 36 sq. cm. area in the iodine soliiti(»n at about 100 revs. /min. The course of 
the reaction was followed by titration : 5 c.c. of the solution were pipetted into an excess of 

N/1600-.sodium thiosulphate solution, shaken until all the iodine had reacted, and then back- tit rated 
with N/1600-iodine solution. The copper strips showed a firm film of whitish-brown cuprous iodide 
which exhibited no crumbling. 

Carbon tetrachloride. AnalaR '' Carbon tetrachloride was distilled over calcium chloride and then 
repeatedly over clean, polished strips of copper to remox e any traces of sulphur present. Fractions 

boiling at 76-7° were used for the work. The results are given in Table I, where k = logio & and 

X IS gn^en in g.-atoms x 10®, all the data relating to 25°. 

Col. 7 in the readings for initial concentration n/4U0, contains the values of the simple unimolecular 
constant k (corrected for the volume change). In the reaction for copper with iodine in aqueous (Kl) 
solution a constant is given by this equation, but in the present experiments it is seen that k falls rapidly 
with time. This suggests that the reaction is retarded by the cuprous iodide film. However, that the 
Tammann-Pilling-Bedworth equation x* = ht is not obeyed is seen by an examination of Fig. 1, where 
X is plotted against time. If this relation were obeyed, values of x for a particular time t should all be 
equal and independent of the initial concentration of the iodine. It can also be seen that the ordinates 
are not proportional to the iodine concentration, which should be the case if the unimolecular relation is 
obeyed. It appeared probable that this reaction in organic media (a) was proportional to the iodine 
concentration, and (6) was inversely proportional to the thickness of the cuprous iodide film formed on 
the copper. Hence, if a ~ initial concentration of iodine and a — = concentration of iodine at time /, 

dx/dt =- k{a - x)lx (1) 

since x is proportional to the thickness of the cuprous iodide film. The integrated form of this equation, 
giving k, the velocity constant, will only hold for the reaction at constant volume. In the present work 
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Table I. 


Time, mins. 

(a - ,v). 

[IJ. 

X. 


X- 



h. 





300 C.c. 

of N/400-iodine in CCI4, 






0 

20-0 

0-0025 

— 


— 

— 


— 



10 

17-5 

0-00219 

2-5 


2-60 

0-192 


4-01 



20 

16-2 

0*00202 

3-8 


3-94 

0-265 


2-28 



30 

15-5 

0-00194 

4-6 


4-64 

0-193 


1-28 



60 

13-9 

0-00174 

6-1 


5-52 

0-196 


1-03 



90 

12-65 

0-00158 

7-35 


6-73 

0-206 


0-88 



150 

]1)5 

0-00139 

8-85 


8-17 

0-161 


0-58 








Mean 0-202 




Time, 





Time, 

(a-x). 





mins. 


lij. C. 

AT. X- 


mins. 

[I], c. 

X. 

X- 



300 C.c. 

of N/200-iodine in CCI4. 



300 C.c. of N/50-iodine in CCI4. 


0 

200 

0-005 

— 

— 

(» 

20-0 

0-020 

— 

— 

— 

10 

18*2 

0-0046 

1-8 3-75 

0-194 

10 

19-2 

0-0192 

0-8 ' 

6-67 

0-160 

20 

17-65 

000441 

2-36 4-877 

0-140 

25 

18-7 

0-0187 

1-3 

1077 

0-162 

30 

1715 

000429 

2-86 5-884 

0-134 

50 

18-15 

0-0181 

1-85 

15-2 

0166 

00 

161 

0-00402 

3-9 7-962 

0-149 

100 

17-36 

0-0173 

2-66 

21-6 

0-170 

120 

14-3 

0-00357 

5-7 11-462 

0-193 

160 

16-7 

0-0167 

3-3 

16-6 

0*187 

180 

12-9 

0-00322 

7-1 14-136 

0-217 

250 

16-0 

0-0160 

4-0 

31-9 

0*162 




Mean 

0-171 

390 

15-0 

0-0160 

5-0 

39-4 

0-183 










Mean 0-169 


300 C.c. 

of N/lOO-iodine in CCI4. 



300 C.c. 

of N/26-iodine in 

CCI4. 


0 

20-0 

0-01 

— — 

— 

0 

20-0 

0-040 

— 

— 

— 

10 

18-75 

0-00937 

1-25 5*25 

0-185 

8 

19-5 

0-0390 

0-6 

8-33 

0-144 

20 

18-25 

0-00912 

1-75 7-26 

0-181 

40 

18-8 

0-0376 

1-2 

19-8 

0-172 

30 

17-85 

0-00892 

2-15 8-69 

0-174 

80 

18-3 

0-0366 

1-7 

17-9 

0*167 

00 

16-95 

0-00847 

3-05 12-51 

0-196 

140 

17-7 

0-0364 

2-3 

36-0 

0*186 

120 

15-6 

0-00780 

4-4 17-60 

0-205 

220 

17-1 

0-0342 

2-9 

46-3 

0*183 

180 

14-5 

0-00725 

5-5 21-80 

0-197 





Mean 

0*170 

270 

13-4 

0-00670 

6-6 26-93 

0-193 






390 

12-3 

0-00616 

7-7 29-97 

0-179 







600 

10-8 

0-00540 

9-2 35-39 

0-177 










Mean 

0-187 








the volume of the reacting liquid varies with each reading owing to the extraction of 6 0 c.c. for the 
titration. The immediate problem is to insert this volume correction into equation (1). 

If m is the mass of iodine in solution, and c and v arc the concentration and volume respectively, 
then m = cv and 

— dw/df =•• — d{cv)/dt 

U Cq ^ initial concentration and Vq — initial volume then 


— d(ci/o)/df =• kc/v^icQ — c) 

because Vq{cq — c) is proportional to the thickness of the cuprous iodide film at any moment during the 
first interval ; hence 

( 2 ) 

*1 — ^0 ^ 1 . 

At ti, we remove 5 c.c., and with the new volume Vi vre have 

dc Ar 

d/ “ VoCco — + Vi(ci — T) 

because Vq{Cq — Ci), now constant, represents the thickness of the film at the beginning of the 
second interval. Additional amounts of iodine added during the second stage are represented by 
— c). Integrating between the limits and c, and and f*, we have 

^ -- Cl) In {eje,) + Vi*Ci In (eje,) - - c,) 

h ~ 

This equation gives the velocity constant for the second interval. Similarly for the third interval 
we have 

dc he 

”ll„(Co - Cj) + K,(C, — C,) + ~ c) 

which, integrated between the limits <, and /, and c, and c„ gives 

t p,{eo(c, — Cl) + e,(c, - c,)} In (c,/c,) + p,*c'. In (c,/c,) - v,»{c, — c,) 

"a FTT? 

H *z 


■ w 
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the velocity constant for the third interval. For the «th interval we have, 

, t/,_i{t>,(eo - Cl) + "i(Ci — r-i) + ... - c,_,)}ln (c,_,/c„) , 

= /«-<,_! “ + 

— 1 _ 1 Ip (c. - i/c.) V*H ~ 1 (Ch - 1 Cn) ^ 

U ““ - 1 

From equation (5) we can calculate k for any interval (corrected for the change of volume). It is 
noteworthy that if equation (2) is used for all intervals in the reaction the differences shown in the values 
of the constant so obtained are small, i.e,, the correction term for the change of volume is small. That 
equation (5) is similar to equation (2), save for the inclusion of the volume changes in (6), may be shown 
by putting Vj = u* ==: nj . . . . = Vn equation (5), whereupon it reduces to equation (2). The values 
of kn are given in Table I. They are fairly constant, but the agreement is not excellent. When the 
average values are compared for different initial concentrations of iodine they show no regular drift. 


Fig. 1. 



A direct contrast between the reaction in aqueous potassium iodide and that in carbon tetrachloride 
can therefore be made. In the former case the reaction appears to be independent of the presence or 
thickness of the cuprous iodide film, w’^hereas in the latter case the reaction is directly controlled by the 
film thickness. 

The Effect of the Solvent on the Reaction Rate . — In the determination of the effect of the solvent on the 
rate four organic liquids have been used. 

** AnalaK Chloroform containing no foreign matter detectable by analysis (free acid, Cl”, Clj, CHO, 
COClj) was kept over calcium chloride for 36 hours, decanted, and distilled. The first fractions were 
discarded, and the bulk of the liquid, b. p. 60*2°, reserved for the experiments. Data were obtained for 
two concentrations of iodine, n/100 and n/50. The results are shown in Fig. 2, and it is seen that the 
rates in carbon tetrachloride and in chloroform are practically identical. 

“ AnalaK Benzene containing 0 001% of thiophen and 0*002% of non-volatile matter was kept 
over copper foil for several days and then over fused calcium chloride. After decantation the liquid 
was distilled, and further purified by freezing. The m. p. of the final fraction was 5*5®, and this was 
used for the work. The copper surface was prepared by carborundum straight polishing (Part I, loc. 
cit.). Preliminary experiments showed that the rate in benzene is less than in carbon tetrachloride, 
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so experiments were carried out over a range of concentration n/400 — n/26. The results are shown 
graphically in Fig. 3, and it is seen that for concentrations greater than and including N/lOO the rate of 
reaction in benzene is less than that in carbon tetrachloride; moreover, the difference in rate for the 
same concentration in the different solvents increases with increasing concentration. For solutions of 
N/200-iodine the rate in benzene is slightly greater than in carbon tetrachloride, and this difference is 
more pronounced in the case of N/400-solutions. 

The solutions of iodine in certain oxygen-containing organic liquids, e.g., ethers, esters, and ketones, 
show a deep brown colour when concentrated, changing to red at high dilutions. It is usually supposed 
that in such solutions co-ordination compounds exist between iodine and the solvent, the oxygen in 
the solvent acting as a donor element. It was desired to use such a solvent for this reaction. Of the 
common esters, ethers, and ketones, none is suitable. Acetone, which reacts with iodine in the presence 
of traces of alkali, was considered unsafe ; diethyl ether and ethyl acetate have relatively high vapour 
pressures at 25"’, and with the apparatus used, evaporation troubles would be encountered. The liquid 
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Comparison of reaction rates in chloroform and carbon tetrachloride at 25°. 

eventually selected was diamyl ether. This, except for the reversible complex formation, is without 
action on iodine. Diamyl ether, obtained in large quantities, was purified by standing over calcium 
chloride, then copper foil, and by repeated distillation. The fraction of b. p. 168° was reserved for the 
experiments. It was intended to follow the course of the reaction in the usual way, i.e., by titration, 
but this was found to be impossible, for the iodine in diamyl ether appears to react very slowly with 
sodium thiosulphate solution (possibly the dissociation of the iodine complex is .very slow). On this 
account the rate was investigated gravimetrically. Copper strips were cut, polished, dried, and weighed. 
After reaction, the strip with the cuprous iodide film was washed well with diamyl ether, dried, and 
weighed again. The difference in weight gives the amount absorbed by the copper as cuprous iodide in 
time t. A new sheet of copper and a new solution of iodine were used for each experiment. The results 
are given in Table II, and the increases in weight are the means of two identical experiments ; the iodine 
absorbed (col. 6) is given in terms of g.-atoms x 10* per sq. cm. of surface. The strips could be very 
accurately cut, and the slight variations in weight are due to slight variations in thickness. It can be 
seen that at all concentrations the rate in dlamyl ether is much less than the rate in carbon tetrachloride. 

Effect of Temperature. — The temperature coefficient of the reaction between copper and iodine in 
aqueous (potassium iodide) solution is small, but large enough to permit accurate measurement of the 
change of rate due to 5° increase to be taken. It was intend^ to study the reaction in organic solvents 
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at 20°, 26°, 30° and 36°. Prelimina^ ea^periments showed, however, that the rate of reaction at 30° 
was very little greater than at 26®. The increase was too small to be shown accurately, and as it was 
undesirable to work at temperatures much above 26® it was decided to work at 0®. In this case, extreme 
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Tabli: II. 


'J'imo, 

Tiiitl. wt. 

Wt, of Cn 

1 ncroase. 

1 
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Wt. of Cu 

Increase, 

I 

inins. 

of Cu, g. 

-l-C'Ugla. g. 

g- 

absorbed. 

mins. 

of Cu. g. 

f CnJo, g. 

g. absorbed. 





N /50-Iodine, 





15 

4- 1900 

4-2069 

0-0169 

3-696 

60 

4-1802 

4*2110 

0*0308 

6-736 

.SO 

4- 1680 

4-1810 

0-0230 

5-031 

7.5 

4-1905 

4*2240 

0*0335 

7 326 

45 

41827 

4-2101 

0-0274 

5-992 

90 

4-1852 

4-2210 

00358 

7-830 





B’/ 200-1 odine. 





15 

4- 1906 

4-2022 

0-0116 

2*537 

75 

4-2134 

4-2386 

0-0252 

6-511 

30 

4-3266 

4-3425 

0-0169 

3-696 

90 

4-261G 

4-2890 

00274 

5-992 

45 

4*2016 

4*2217 

0*0201 

4-396 

105 

4-1558 

4-1850 

0-0292 

6-386 

60 

4* 1724 

4-1960 

0-0226 

4-942 

120 

4-0154 

4-1372 

0-0318 

6-965 





n/1 00-Iodine. 





15 

4*2044 

4*2200 

0-0156 

3*441 

75 

4-1606 

4*1897 

0-0291 

6-364 

30 

4*0996 

4*1185 

0*0196 

4*264 

90 

4*1324 

4*1636 

0-0312 

6-823 

45 

4*1678 

4*1916 

0*0237 

5*183 

105 

4*1564 

4*1906 

0-0342 

7*480 

60 

4*2110 

4*2376 

0*0266 

5*817 

120 

4*1888 

4-2258 

0-0370 

8*092 


care was taken to ensure the sealing of the reaction vessel, since at 0® the introduction of air would lead 
to water-vapour condensation. The temperature coefficient was investigated in this way with carbon 
tetrachloride and chloroform. The results are shown in Fig. 4, and it will be seen that the coefficient is 
very small. 
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Effect of Surface Condition of the Copper on the Rate , — ^The presence of an oxide or different 
methods of preparing the surface of the metal have no effect on the rate of reaction in aqueous (KI) 
solution. It has been shown also that the rate of Reaction in such solutions under the conditions studied 
is independent of the presence or thickness of the cuprous iodide layer on the copper. For reactions in 
carbon tetrachloride and chloroform it has been shown that the reaction is controlled by diffusion through 
the cuprous iodide layer. The structure of the film might well be influenced by the condition of the 
surface of the copper. It was therefore decided to investigate the effect of the condition of the surface 
on the rate. 

Fig. 4. 



(1) N/lOO-IwCCUa^ 30^ 


(4) n/200-I in CCl* at 25^ 


(2) N/IOO-I in CCl, “' 26" ^5^ n/200-I atO°: { ^ 

(3) N/IOO-I a/ 0" : { O CHCl., 


The four different methods of preparing the surface have been described in Part I (he. cit.), i.e., 
(i) carborundum straight polishing, (ii) carborundum circular polishing, (iii) mirror finish with jeweller's 
rouge, (iv) etching with dilute nitric acid. 

These experiments were all carried out in benzene solution, as it was considered that the films in 
benzene appeared rather more even and less liable to flaking than in other solvents. The results are 
shown in Fig. 5. Only slight differences could be detected, but it can be seen that : (1) The rates in the 
case of carborundum straight and carborundum circular polishing are identical ; (2) the rate on the 
mirror surface is slightly less, (3) the acid*etched surface gives an even lower reaction rate. That is, 
the rate is less with the sihootkrSurfaces, coarseness of abrasion tending to increase the velocity of the 
reaction. 

The presence of an oxide film on the copper. Copper strips of the correct area were polished by 
carborundum straight polishing and heated to 100® for 30, 20, and 10 mins, as described in Part I. 
The oxidised copper was placed in the reaction vessel, and the reaction followed in the usual way by 
titration. The results are shown in Fig. 6, and it will be seen that the rate in both carbon tetrachloride 
and benzene is considerably decreased by the presence of an oxide film. 

Films formed in Aqueous and Organic Solvents . — It has been shown that for a large range of iodine 
concentrations the rate of reaction in aqueous solution is unaffected by the presence or thickness of the 
cuprous iodide film on the copper, whereas in the case of reactions carried out in organic solvents this 
film controls the reaction. The question arises as to whether this difference is due to a difference in the 
actual films formed in the two cases or to the nature of the solutions in the two different classes of solvent. 

Strips of copper foil of the usual size were polished and then rotated in a solution of N7200-iodine in 
N /60-potassium iodide for 30 minutes. The strips of copper covered with cuprous iodide nlm were then 
removed from the solution and washed and dried carefully. Some of the strips showed small cracks in 
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Fig. 6. 




the films on dr 3 dng and these were discarded. The perfect " strips were then rotated in carbon 
tetrachloride, and the reaction followed by titration in the usual way. The results are given in Table 
III, (1) and (2), where x is expressed as g.-atoms of I x 10®. 

4tv 





1 126 Bircumshaw und Everdell : The Kinetics of the Reaction between 

Table III, 

(1) Copper covered by cuprous iodide film formed in aqueous solution rotated in vi jZOO-iodine in 
carbon tetrachloride at 26^. 


Tinxe, mins 10 20 30 60 120 180 

V* 0-83 1-45 1-85 3 04 6*67 7-48 

X (no previous film) 3’76 4*88 5'88 7*96 11*46 14*135 

(2) Copper covered by cuprous iodide film formed in carbon tetrachloride solution rotated in 
K j2i)0-iodinc solution at 25“. 

Time, mins 2 6 10 15 20 30 40 50 60 

V. 1*67 4*33 8*56 12*12 16*43 20*68 24*71 27*65 30*00 

X (no previous film) 1*87 4*64 8*57 12*13 15*43 20*78 24*91 28*04 30*38 


The results described under (1) were not very reproducible owing to a certain amount of film>cracking, 
but they clearly showed that the rate in carbon tetrachloride solution is much decreased by the presence 
on the metal of a film deposited from an aqueous solution. The results described under (2) were easily 
reproducible and it is seen that the rate is unafiected by the presence of a cuprous iodide film formed 
in carbon tetrachloride. 

Discussion. 

The actual rate of reaction observed in these experiments probably depends ultimately on 
the collisions of the iodine molecules on the copper surface, whatever the means by which the 
iodine travels through the cuprous iodide film. The rate of diffusion of the iodine molecules 
through the film will be a function of the concentration gradient of the molecules across the 
film, i,e.» the concentration of an adsorbed film of iodine on the liquid side of the cuprous iodide 
and the concentration, much lower, of iodine at the film (CU 2 I 2 ) -metal interface. The 
concentration of the adsorbed film of iodine will obviously depend on the state of the iodine in 
solution. Lachmann (/. Amer, Chem. Soc,, 1903, 25, 50), after an examination of iodine 
solutions in 60 organic solvents, distinguished two types of solution : (1) violet solutions from 
substances like carbon tetrachloride, chloroform, etc. (substances called saturated by Lachmann) ; 
(2) brown solutions from ethers, esters, alcohols, and ketones (substances called unsaturated by 
him). This subject has been investigated by a number of workers but on the whole there 
seems to be little doubt that Lachmann’s original classification was correct. 

The problem of the benzene solution of iodine is not so simple, and on the collected evidence 
as a whole these solutions seem to fall directly into neither class. The problem has been 
investigated in recent years by Walker {Trans. Faraday Soc., 1936, 81, 1432). This solution 
was placed by both Lachmann and by Getman (/. Amer. Chem. Soc., 1928, 50, 2883) in the 
violet group, yet the colour is definitely reddish and very different from that in carbon 
tetrachloride, especially in concentrated solution : in more dilute solution the colours are more 
alike. From a study of the absorption spectrum, Walker concluded that there was some 
interaction between iodine and benzene. Hildebrand and Jenks (ibid., 1920, 42, 2180) also 
showed that benzene solutions of iodine are abnormal with respect to their solubility- 
temperature relationships compared wdth other violet .solutions. The problem of the possible 
solvation of iodine in benzene solution is made more complex by the fact that the resulting 
dipole moment is zero ; yet when the evidence as a whole is considered some type of interaction 
.seems to be indicated. 

Some simple experiments made by the authors are not without significance. The solutions 
in carbon tetrachloride or chloroform can be titrated readily with sodium thiosulphate, the 
end*'point being reached with no period of delay; but if 20 c.c. of an N/lOO-iodine solution in 
diamyl ether are titrated with n/100** thiosulphate in the presence of starch, the blue colour 
fades after the addition of a few c.c. of titrant. After about one hour’s standing the colour 
returns, but is again dispersed by the addition of a small amount of thiosulphate, returning 
again after standing. The theoretical volume of thiosulphate solution required for titration is 
reached only after several days. This suggests that the thiosulphate only reacts with the free 
iodine, and that the restoration of the equilibrium between the latter and the complex is slow. 
If with benzene a solvent-iodine complex is formed in the same way and the complex is of the 
same nature, the same difficulty might be expected in direct titrations. No such difficulty is 
experienced, however, so that, although iodine and benzene may form some sort of complex, 
it is not of necessity of the same type or of the same degree of stability as those formed in the 
brown solutions. 

It is seen in Fig. 2 that the rates of reaction in carbon tetrachloride and chloroform are 
identical. This is in agreement with Evans and Bannister’s results (Proc. Roy. Soc., 1929, A, 
125, 370) for the reaction l:)etween silver and iodine : it might be expected, since the state of 
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iodine in the two solvents is believed to be the same, i,e., simple molecules. Table II shows 
that the rate in diamyl ether is much less than the rates in carbon tetrachloride at the same 
concentration. This might be due to any of the following causes : (1) Only the free iodine 
molecules diffuse through the cuprous iodide film and react with the metal. (2) Both the free 
iodine molecules and the complex molecules diffuse through the film but only the free iodine 
molecules react. (3) Both the free iodine molecules and the complex may react with the copper, 
but the passage of the complex through the cuprous oxide layer will almost certainly be much 
slower, owing to its large molecular size. 

Fig. 7. 



S ^ Concentration of iodine solution. 

Ratio between ordinates for benzene to ordinates for carbon tetrachloride. 

Fig. 3 shows the rate of reaction in benzene compared with the rate in carbon tetrachloride 
at the same concentrations. Consider first the experiments at concentrations 0*01, 0*02, and 
0*04n. The rate of reaction is less than in carbon tetrachloride and the difference increases 
with increase of iodine concentration. However, the rate of 0*0026n -iodine in benzene is 
slightly greater than the rate at the same concentration in carbon tetrachloride. If, in Fig. 3, 
the ordinates of the graph of the reaction in 0*04N-iodine in benzene are compared with those 
of the graph of 0*04n -iodine in carbon tetrachloride, a fairly constant value of the ratio 
is obtained; e.g., at time 3^, 300, 210, 160, and 60 minutes this ratio is 0*60, 0’61, 0*60, 0*61, 
and 0*60, respectively. This is, of course, a perfectly arbitrary method of comparing the 
reaction rates. The average values of this ratio for all the concentrations are plotted against 
concentration and given in Fig. 7, and show the effect of concentration on the difference in 
reaction rate in the two solvents. Above concentrations of approximately n/200 the rate in 
benzene is less than that in carbon tetrachloride; below n/200 it is greater. It is difficult to 
see any obvious explanation of this inversion. 

Graphs for results at 0®, 26®, and 30® are shown in Fig. 4 and it is seen that the temperature 
coefficient is very small, much less than in the aqueous solutions. 
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Unlike the reaction in aqueous solution, in organic liquids the rate is affected by the nature 
of the metal surface; in general, coarseness of surface tends to increase the rate of reaction. 
The rate of reaction in both benzene and carbon tetrachloride is decreased by the presence of an 
oxide film, the degree of reduction increasing with the period of oxidation. 

Measurements of the rate in carbon tetrachloride of specimens covered with a cuprous 
iodide film deposited from aqueous solution showed that the rate was much lower than that 
obtained with a clean metal surface. Conversely, the rate in aqueous solution of a copper 
specimen covered with a film deposited from a carbon tetrachloride solution was the same as 
with the new metal specimen. Clearly, the difference is not due to a difference in the structure 
of the film deposited from the two types of liquid, aqueous and organic. 

When the kinetics of this reaction in aqueous and organic solutions are compared, interest 
centres round the fact that in aqueous solutions the rate is unaffected by the film, whereas in 
organic solutions the film appears to control the reaction. It is necessary to explain 
this difference, which cannot be traced, as we have seen, to differences in the structure of the 
films of cuprous iodide formed in the two case^. It has been stated (Part I) that in reactions in 
aqueous solution both solvent and solute are believed to pass through the iodide film. It is 
possible, however, that in organic solvents these do not enter the film but only the solute diffuses 
through the iodide. These films are readily wetted by water, but on the other hand, it was 
found that when a sheet of copper was removed from an organic solution of iodine and the 
surface liquid drained off the film appeared dry and the weight did not decrease with time as 
might be expected if the liquid were in the pores of the film and hence evaporated 
slowly. Attempts were made to remove a portion of a film, to support it on a small stand 
made from thin glass rod, and touch its upper surface with a drop of carbon tetrachloride. 
The spreading of the liquid on the solid did not take place rapidly, and for some time the under 
side of the film showed no signs of the liquid soaking through. Owing to cracks formed in the 
films, they always collapsed after about a minute, so little reliable evidence was obtained. 
Some evidence for the fact that organic solvents do not enter the iodide film is obtained from a 
consideration of the reaction in different organic solvents. If the reaction proceeds by the 
passage of iodine and solvent through the film, then it might be supposed that in using organic 
solvents of different viscosities different rates might be obtained. The rates of reaction in 
carbon tetrachloride and in chloroform, in both of which solvents all the evidence points to the 
iodine existing as simple molecules, are identical, whereas the viscosities of the two solvents 
are widely different. As shown above, the state of iodine in benzene and diamyl ether is complex' 
and so prevents a consideration of the rates carried out in them with respect to the above ; but 
the evidence from solutions in chloroform and in carbon tetrachloride alone suggests that the 
organic solvents do not themselves diffuse through the cuprous iodide film. 

Adopting this theory, we have still to consider the mechanism by which the iodine molecules 
diffuse through the film. Three mechanisms appear to be possible : (1) The iodine might 
diffuse through large cracks in the film (a t3q)e of gaseous diffusion) ; (2) it might diffuse through 
small pores in the film, possibly in loose union with the cuprous iodide ; (3) the diffusions might 
take place through atomic holes in the cuprous iodide crystal lattice. 

The diffusion mechanism of (1) would depend on the vapour pressure of the iodine, which 
would increase rapidly with rise of temperature, and this would result in a relatively large 
temperature coefficient. The very small temperature coefficient observed is evidence against 
this. Mechanism (2), passage of iodine through pores little larger than the molecules themselves, 
is not impossible. If some type of attraction exists between the iodine and the cuprous iodide 
little energy would be required for the diffusion. The small temperature coefficient found is 
some evidence for this. (3) According to the theories developed by Jost and Schottburg 
atomic holes ** exist as lattice defects in any crystalline material, and it is possible that diffusion 
of iodine may take place in this manner. This theory of diffusion has, of course, attracted 
much attention during recent years. Like mechanism (2), this process would require little 
energy, and it is not possible to distinguish between (2) and (3) by a consideration of the 
temperature coefficient. 
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212 . Deoxypentose Nucleic Acids. Part I. Preparation of the Tetra- 
sodium Salt of the Deoxypentose Nucleic Acid of Calf Thymus. 

By J. Masson Gulland, D. O. Jordan, and C. J. Threlfall. 

The preparation of the tetrasodium salt of the deoxypentose nucleic acid of calf thymus is 
described by a method in which the nucleoprotein is first isolated and then decomposed ; during 
these processes the reaction did not vary significantly from pH 7. The analytical data support 
the relative proportions of nucleotides indicated by titration (Gulland, Jordan, and Taylor, 

Part II, this vol., p. 1131). 

Gulland, Barker, and Jordan (Ann. Rev. Biochem., 1945, 14 , 176) have suggested that the 
direct isolation of nucleic acids from tissues may lead to a degraded product, and they consider 
that a more satisfactory procedure is to isolate and subsequently decompose the nucleoprotein. 
In the method which has been developed, therefore, the deoxypentose nucleoprotein of calf 
thymus was first isolated by making use of the remarkable difference in solubility of the nucleo- 
protein in sodium chloride solutions of different strengths described by Mirsky and Pollister 
(Proc. Nat. Acad. Sci, 1942, 28 , 344; Biol. Symposia, 1943, 10 , 24). The deoxypentose 

nucleic acid was then separated from the protein by the method introduced by Sevag, Lackman, 
and Smolens (/. Biol. Chem., 1938, 124 , 425). 

The material obtained by this preparation gave satisfactory analytical figures for carbon, 
hydrogen, phosphorus, and sodium, but the nitrogen value was low, being 15*4% compared 
with the theoretical value of 15*9% based on a polynucleotide containing the four nucleotides 
in equimolecular quantities. Furthermore the ratio of the purine nitrogen content to that of 
pyrimidine nitrogen was low, a mean value of 1*6 being obtained in place of the theoretical 
value of 2*0. These data may be interpreted with the aid of the results of electrometric titration 
(Part II, loc. cit.), which, whilst indicating that for every four atoms of phosphorus there is 
1*0 radical of thymine and 1*0 of guanine, suggest that the amount of cytosine may be as high 
as 1*2 radicals and of adenine as low as 0*8 radical. Re-calculation of the theoretical nitrogen 
analysis on this basis gives a value of 15*5%, and the purine nitrogen /pyrimidine nitrogen ratio 
has the value 1*6. These data are in satisfactory agreement with the observed results. The 
theoretical values for carbon, hydrogen, phosphorus, and sodium are not affected appreciably 
by this change in the nucleotide ratio in the statistical polynucleotide. 


Experimental 

Isolation of the Tetrasodium Salt of the Deoxypentose Nucleic Acid of Thymus Gland . — Fresh frozen 
calf thymus glands (54-5 kg.) were minced and suspended in 0-9% sodium chloride (54 1.) and milled 
to produce a fine suspension. This suspension was centrifuged (6300 r.p.m.) and the solid material 
resuspended in 0-9% sodium chloride (45*5 1.) and milled and centrifuged as before. The ribonucleo- 
proteins, together with cytoplasmic material, were obtained from the combined extracts (120 1.) by 
adding an equal volume of industrial methylated spirit, and the precipitated solid was washed by 
decantation with 50%, then 100% industrial methylated spirit, collected, and dried in a vacuum at 
room temperature. Yield, 2-68 kg. 

The tissues, which were now free of material containing pentose, were suspended in 10% sodium 
chloride (214 1.) with vigorous mechanical stirring at 0°. At this stage the viscosity of the solution 
increased considerably (cf. Mirsky and Pollister, loc. cit.). After extraction at 0° for 48 hours, the in- 
soluble material was removed by centrifuging (6300 r.p.m.) and the deoxypentose nucleoprotein pre- 
cipitated from the resultant solution (pH 6*5) by the addition of an equal volume of industrial methylated 
spirit. The precipitated solid was washed with 70%, then 100% industrial methylated spirit and dried 
in a vacuum at room temperature. Yield, 1-69 kg. of a veiy slightly yellow fibrous solid. 

The nucleoprotein (500 g.) was powdered to assist solution and dissolved in 10% sodium chloride 
(45*5 1.) with vigorous mechanical stirring. The solution, which was viscous, was clarified by centri- 
fuging (6300 r.p.m.). To the clear solution was added an equal volume of a mixture of chloroform 
(36 parts) and amyl alcohol (10 parts), and the mixture was emulsified by rapid mechanical stirring. 
The emulsion was then separated by centrifuging (DeLaval, model " 600 ", disc type bowl, 5500 r.p.m.) 
into three parts : (i) the chloroform-amyl alcohol mixture, (ii) a solution containing the sodium salt of 
deoxypentose nucleic acid and nucleoprotein, (iii) a gel of protein hydrochloride and the chloroform- 
amyl alcohol mixture. The protein gel remained in the bowl of the centrifuge whereas the chloroform- 
amyl alcohol mixture and the solution of nucleic acid and nucleoprotein were discharged from separate 
outlets. The last mentioned solution was again emulsified with the chloroform-amyl alcohol mixture 
and the process repeated until no gel was formed on emulsification ; this required nine emulsifications. 
The sodium salt of the deoxypentose nucleic acid was precipitated by the addition of an equal volume 
of industrial methylated spirit, washed free from chloride with 70% industrial methylated spirit, then 
100% ethyl alcohol, and finally ether, and dried in a vacuum at room temperature. Yields from two 
600 g. quantities of nucleoprotein were 130 g. and 160 g. of a white fibrous solid giving negative biuret 
and Sakaguchi tests [Found on sample dried at 110° in a vacuum over phosphoric oxide : C, 36‘5, 36*5, 
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35-3: H, 3-68, 3-83, 3-56; N, 15-3, 16-3, 16-4; P, 9 35, 9-32, 9-32; Na, 6-9, 0-8 (gravimetric), 71 (colori- 
metric). Calc, for a large polynucleotide consisting of the tetrasodium salts of tetranucleotides contain- 
ing on average 1 mol. each of guanine, adenine, cytosine, and thymine deoxypentose nucleotides, i.e. 
(C8^H4B024Nj5P4Na4)* : C, 35’4; H, 3*4; N, 16-9; P, 9-4; Na, 6*95. Calc, for a large polynucleotide 
consisting of the tetrasodium salts of tetranucleotides containing on average 1 mol. each of guanine 
and thymine, and 1-2 mols. of cytosine and 0*8 mol. of adenine deoxypentose nucleotides, i.e, 
(C88.8H4B024.2Ni4.6P4Na4)a. : C, 35*4 ; H, 3*4; N, 15*5; P, 9*4; Na, 6*98%. In both cases the additional 
HONa atoms of the two terminal nucleotides of a straight-chain polynucleotide have been ignored, since 
their contribution is negligible if the size of the polynucleotide is large]. 

Determination of Purine Nitrogen I Pyrimidine Nitrogen Ratio . — The method used was that of pre- 
cipitation of purines with silver sulphate (Schmidt and Levene, /. Biol. Chem., 1938, 126 , 423). The 
sodium salt of deoxypentose nucleic acid (ca, 30 mg.) was hydrolysed by boiling under reflux with 6% 
sulphuric acid (7 ml.) for 1 hour. When cold, the solution was diluted to 25 ml., the total nitrogen 
was determined on a portion (2 ml.), and 2 ml. samples were treated with an equal volume of saturated 
silver sulphate. The solution containing the precipitate of the silver salts of guanine and adenine was 
cooled at O'" for i hour. The precipitate was separated by centrifuging and washed twice by stirring 
at 0*^ with a saturated solution of silver sulphate (2 ml.) followed by centrifuging. The solution was 
combined with the washings and analysed for pyrimidine nitrogen. The precipitate was decomposed 
with dilute hydrochloric acid (2 ml.), and the silver chloride removed by centrifuging and washed twice 
with dilute hydrochloric acid (2 ml.). The solution was combined with the washings and analysed for 
purine nitrogen. The purine nitrogen /pyrimidine nitrogen ratio was found to be 1*60, 1*63, 1*60, 1*58, 
1*57 for five separate hydrolyses ; mean, 1*60. The discrepancy between this value and the theoretical 
of 2 for a statistical polytetranucleotide is greater than the experimental error indicated by the Table. 
Nevertheless we should not have inclined to attribute undue significance to the ratio, were it not for the 
agreement between it, the analytical data, and the results of electrometric titration ; this uniformity 
of trend does suggest that the purine/pyrimidine nitrogen now recorded has real meaning. 

In order to confirm the accuracy of the method claimed by Schmidt and Levene (loc, cit.), a series of 
analyses of known purine and pyrimidine derivatives was performed; representative results are re- 
corded in the Table. Determination of the purine /pyrimidine nitrogen ratio of two samples of yeast 
ribonucleic acid was made for comparison, the results being 1*84, 1*86 ; 1*84, 1*90. 


Substance. Total N, mg. Purine N, mg. Pyrimidine N, mg. Recovery, %. 

Guanine 10*42, 10-17, 10*48, 10*29, — 100*6, 101*2, 

10*38, 9*80 10*56, 9*70 101*7, 99*0 

Adenine 10*50 10*22 — 97*3 

Hypoxanthine 8*06 7*90 — 98*1 

Guanosine 9*53, 8*78 9*62, 8*91 — 101*0, 101*4 

Adenosine 8*49, 9*40 8*43, 9*30 ^ 99*3, 98*9 

Thymine 1*46, 7*20 — 1*39, 7*40 94*3, 102*8 

Cytidine 6*45 6*44 99*9 

Uridine 2*98 — 2*99 100*3 

Guanine * 1 9*40 9 30 — f 98*0 

Uracil* / 6*95 — 7*15 1102*9 


♦ Mixed. 


Analytical Methods . — The sodium salt of deoxypentose nucleic acid is extremely hygroscopic when 
dried, as in this instance, at 110°/01 mm. over phosphoric oxide, and special technique was required 
in order to minimise exposure of the dried material to atmospheric moisture. Estimations of carbon 
by combustion presented some difficulty owing to the occlusion of carbon by the sodium metaphosphate 
residue in the boat, but this problem was solved by the addition of small quantities of anhydrous potas- 
sium chlorate to the fused mass at the end of the combustion. Determinations of nitrogen were made 
by a modified micro- Kjeldahl technique embodying the methods of Elek and Sobotka (/. Amer, Chew., 
Soc., 1926, 48 , 501) and Friedrich Die Praxis der quantitativen organischen Mikroanal 3 rse," 1933, 
Deuticke, Leipzig and V'ienna) ; of phosphorus by a modification of the method of Embden (Z. physiol. 
Chem., 1920, 113, 138) ; and of sodium either gravimetrically (as sodium sulphate after removal of 
phosphate as barium phosphate) or colorimetrically (Hoffman and Osgood, J. Biol. Chem., 1938, 124 , 
347). 

It is a pleasure to acknowledge our gratitude to Boots Pure Drug Company Ltd. for carrying out 
the large scale operations ; to the British Empire Cancer Campaign for a grant which defrayed part 
of the cost ; and to Imperial Chemical Industries Ltd. for the loan of apparatus. We wish also to record 
our thanks to Mr. J. E. Still, B.Sc., for the anal 3 rses for C, H. N, and P, and to Mr. H. F. W. Taylor, 
B.Sc.. and Mr. J. M. Creeth, B.Sc., for the sodium analyses. 
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213. Deoxypentose Nucleic Acids. Part II. Electrometric Titration of 
the Acidic and the Basic Groups of the Deoxypentose Nucleic Acid of 
Calf Thymus. 

By J, Masson Gulland, D. O. Jordan, and H. F. W. Taylor. 

The acidic and the basic groups of the tetrasodium salt of the deoxypentose nucleic acid 
pf calf thymus and of barium thymate derived therefrom have been titrated electrometrically, 
employing hydrogen and glass electrodes. This polynucleotide is found to possess three amino-, 
two purine-pyrimidine enolic hydroxyl, four primary phosphoryl, and not more, and probably 
less, than 0’26 secondary phosphoryl dissociations for every four atoms of phosphorus. These 
data are consistent with a chain structure for this acid in which branching, if it occurs, is infre- 
quent as compared with yeast ribonucleic acid. The main internucleotide bond is an ester link- 
age. For every four atoms of phosphorus it is found that there are 1*0 guanine, 1*0 thymine, 

1*0 to 1-2 cytosine, and 1-0 to 0*8 adenine radicals. 

The initial dissociation curves of the tetrasodium salt of the deoxypentose nucleic acid of calf 
thymus obtained by titrating from pH 6-9 with acid and alkali are abnormal, being displaced 
from the back-titration curves. This discrepancy between the forward- and back-titration 
curves persists in high concentrations of neutral salt. It is concluded that the purine- 
pyrimidine hydroxyl groups and some of the amino-groups are blocked, most probably by a 
hydrogen bond between these groups. The significance of this linkage in the macromolecular 
structure of the tetrasodium salt of the deoxypentose nucleic acid is discussed. 

Tin: conflicting results obtained previously from investigations of the acid-base properties of 
thymus deoxypentose nucleic acid (Steudel, Z. physiol. Chem., 1912, 77, 497; Feulgen, ibid., 
1919, 104, 189; Levene and Simms, J. Biol. Chem., 1925, 65, 619; 1926, 70, 327; Makino, Z. 
physiol. Chem., 1936, 232, 229; 1936, 236, 201; Bredereck, Kothnig, and Lehmann, Ber., 1938, 
71, 2613; Bredereck and Kothnig, ibid., 1939, 72, 121; Ahlstrom, Euler, Fischer, Hahn, and 
Hogberg, Arkiv Kemi, Min. Geol., 1946, 20, A, 1) may be ascribed to the different degrees of 
degradation of the samples studied (Schmidt, Pickels, and Levene, J. Biol. Chem., 1939, 127, 
251; Cohen, ibid., 1942, 146, 471; Tennent and Vilbrandt, J. Amer. Chem. Soc., 1943, 65, 
424; Gulland, Barker, and Jordan, Ann. Rev. Biochem., 1945, 17, 176). In all probability the 
least degraded specimens which have hitherto been examined were those prepared by the method 
of Bang (Hofmeister’s Beitrage chem. Physiol. Path.'', 1903, 4 , 331) and studied conducti- 
metrically by Hammarsten {Biochem. Z., 1924, 144, 383) and electrometrically by Jorpes 
[Biochem. J., 1934, 28, 2102) and Stenhagen and Teorell [Trans. Faraday Soc., 1939, 35, 743). 
They were found to possess four acid-dissociating groups per hypothetical tetranucleotide, 
having the very approximate pAV values of 2*4, 3*7, 4*3, and 5'2. The Hammarsten-Bang 
method of isolation, however, gave a product which on analysis was found to be very deficient 
in nitrogen and phosphorus (N, 11*97; P, 7*09% ; Hammarsten, loc. cii.) when compared with 
the theoretical for the tetrasodium salt (N, 15*86; P, 9*37%). Furthermore, Hammarsten 
studied the free acid obtained from the sodium salt by the action of hydrochloric acid ; as will 
be shown in this paper this treatment causes an irreversible change in that the free acid isolated 
from solutions more acid than pH 3*5 does not show the same acid-base properties as the sodium 
salt isolated at pH 7*0. 

The sodium salt of calf thymus deoxypentose nucleic acid which has been studied in this 
investigation was isolated by a mild method (Gulland, Jordan, and Threlfall, Part I, this vol., 
p. 1129), throughout which the solution employed did not vary significantly from pH 7*0.* The 
solid was fibrous and dissolved in water to give a faintly opalescent solution, having a pH of 
6*90, which exhibited marked structural viscosity and streaming birefringence (Creeth, Gulland. 
and Jordan, Part III, this vol., p. 1141). A second specimen, prepared by the Hammarsten- 
Bang procedure and supplied by Professor Caspersson through Professor Astbury in 1939, has 
also been studied. It was found to contain a small amount of protein which was removed by 
the method of Sevag, Lackman, and Smolens (/. Biol. Chem., 1938, 124, 426), and is believed 
to be identical with that studied with ultracentrifuge and viscosity methods by Signer, Caspers- 
vson, and Hammarsten (Nature, 1938, 141, 122) and with AT-ray methods by Astbury and Bell 
(ibid., p. 747). 

♦ It is necessary to correct a point in the paper of Tennent and Vilbrandt (J. Amer. Chem. Soc., 
1943, 65 , 424). The sample of “ Thymonucleic acid TNA2, prepared by Gulland", referred to by 
these authors, was a purchased commercial sample, and the " banum thymate BTl, prepared by Gulland 
was made from it by the usual method. These were given to Professor Astbury in 1939 with a warning 
that their purity and homogeneity was open to doubt ; they were not intended for the type of investig- 
ation to which they have been put by Tennent and Vilbrandt, and in our view results obtained with them 
are of no value in connection with nucleic acid structure. 
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Results of the Present Investigation. — ^All electrometric titration curves have been corrected 
at the extremes of pH for the titration of the water by the method of Jordan and Taylor (/.. 
1946, 994). 

(i) Titration of the sodium salt of thymus deoxypentose nucleic acid. The titration curve of 
this sample is shown in Fig. 1, curve I. It will be seen that on the addition of acid or alkali to 


Fig, 1. 
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The dissociation curves of the tetrasodium salt of the deoxypentose nucleic acid of calf thymus : 

I. Titration with acid or alkali from pH 6*9, 0» The smooth curve drawn through these points is 

calculated for 1 equiv. each of pK^J values 2*6, 3-5, 6*2, 10-4 and 11-4. 

II. Bac^ titration with acid from pH 12 0, #, © and with alkali from pH 2*6, C* 

Points marked Q and © obtained with ** Alki ** glass electrode (Cambridge Instrument Co.t Ltd.) ; all 
other points obtained with hydrogen electrode. 

the solution in water no groups are titrated at first between pH 6*0 and 11*0, but that outside 
these limits there occurs a rapid liberation of groups titrating in the ranges pH 2*0 to 6*0 and 
pH 9*0 to 12*0. On back titration either with acid from pH 12*0 or with alkali from pH 2*6, 
a curve (II) is obtained which is different from that representing the initial titration, and it is 
significant that the same curve (II) is obtained whether the back titration is with alkali from 
pH 2*5 or with acid from pH 12*0. This complete identity of the back-titration curves suggests 
that acid and alkali have an identical effect in liberating both sets of groups. 



1133 


[1947] Deoxypentose Nucleic Acids. Part II. 

The back-titration curve exhibits a well-defined point of inflection in the neutral region, 
and shows incipient points of inflection in the regions of pH 12*0 and pH 2*0, corresponding 
respectively to approximately 2*0 equivalents of alkali and 3*0 equivalents of acid for each 
four atoms of phosphorus. There is some difficulty in interpreting electrometric titration 


Fig. 2. 



The dissociation curves of the teirasodimn salt of the deoxypentose nucleic acid of calf thymus 

in u-potassium chloride. 

Titration with alkali from pH 6-9, O ; hack titration with acid from pH 12*5, •. 


Fig. 3. 



The dissociation curves of the tetrasodium salt of the deoxypentose nucleic acid of calf 
thymus in 2’5u-guanidine sulphate. 

Titration with alkali from pH 6*9, O / hack titration with acid from pH 12*0, #. 

data above pH 11*0 and below pH 3*0 owing to the dependence of the water correction on the 
ionic strength (Jordan and Taylor, loc. cit.), which, for a polybasic substance such as nucleic 
acid, cannot be estimated with certainty. In obtaining the data given in Fig. 1, the assumption 
has been made that the acidic and basic groups contribute independently to the ionic strength. 
This approximation is justified by the fact that no appreciable proportion of the phosphorus 
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atoms carry more than one dissociating group (see below). It appeared desirable, however, to 
have additional confirmation of the number of groups titrating in the alkaline region, and 
titration of the sodium salt of thymus deoxypentose nucleic acid was therefore carried out in 
M-potassium chloride. The presence of the potassium chloride has the effect of masking all 
other contributions to the ionic strength (Cohn, Green, and Blanchard, /. Amer, Chem, Soc„ 
1937, 59, 509), and the water correction is obtained from a titration of M-potassium chloride. 
The results of this titration, which are given in Fig. 2, curve III, show conclusively that the 


Fig. 4. 



The dissociation curves of the tetrasodium salt of the deoxypentose nucleic acid of calf thymus after alkaline 
treatment followed by ^ecipitation with alcohol at pH 7 ; 

V. Titration with alkali from pH 6-7, O- 

VI. Titration with acid from pH 6-7, O / back titration with alkali from pH 2 - 5 ,'^ ; hack titration from 

pH 12 0, •. 

VII [full curve). Mean titration curve of the tetrasodium salt of the deoxypentose nucleic acid of calf thymus 
from Fig. 1, 

number of groups dissociating in the range pH 8*0 to 12*0 is 2*06. Owing to the ease with which 
precipitation of the deoxypentose nucleic acid occurs in the presence of M-potassium chloride 
when acid is added, a complete back titration below pH 11*2 was not practicable; the data 
which have been obtained, however, are sufficient to indicate that the discrepancy between the 
forward- and back-titration curves described above persists in the presence of M-potassium 
chloride. Very similar results were obtained by titration in 2*63M-guanidine sulphate 
{[C(NH 2 ) 3 ] 2 S 04 ; Fig. 3, curve TV). Owing, however, to the existence of an unsteady liquid- 
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junction potential between this solution and the saturated potassium chloride bridge, the pH 
values were not very reproducible, especially in strongly alkaline solutions. 

(ii) Titration of the sodium salt of thymus deoxypentose nucleic acid precipitated with alcohol 
at pH TO after treatment with alkali at pH 12*0, or with acid at pH 3-0. The titration curves of 
an alkali-treated sample are shown in Fig. 4, curves V and VI ; similar results were obtained 
with two other samples. The results of titration on the alkaline side of neutrality resemble 
those obtained with the original substance, in that a shift in the dissociation curve is observed 


Fig. 5. 



The dissociation curves of the teirasodium salt of the deoxypentose nucleic acid of calf thymus after acid 
treatment followed by precipiiatioyi with alcohol at pH 7 .• 

VIII. Titration with alkali from pH 7*1, O* 

JX. Titration with acid from pH 7-1, Q ; back titration from pH 2-3, © ; hack titration from pH 12-0 • 
X (full curve). Mean titration curve of the teirasodium salt of the deoxypentose nucleic acid of calf thvmus 
from Fig. 1. j j j 

on back titration, although to a somewhat smaller extent. No such effect, on the other hand, 
was observed on the acid side. The back- titration curves from pH 12*0 or pH 2*5 are identical, 
and are very similar to the curve obtained with the original substance. 

The results obtained with an acid-treated specimen (Fig. 6, curves VIII and IX) are almost 
identical with those described above for the alkali-treat^ material. 

(iii) Titration of the sodium salt of thymus deoxypentose nucleic acid supplied by Professor 
Caspersson. The titration curves of this sample are shown in Fig. 0, curves XI and XII, and 
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are intermediate between those of the alkali- and acid-treated materials prepared by us and 
those of our original material. Viscosity studies (Creeth, Gulland, and Jordan, loc. cit,) support 
the view that, compared with the acid prepared by us, the sample of Caspersson exhibits 
different, probably less, hydrogen bonding (see below) and lower viscosity. 

(iv) Titration of the barium salt of thymic acid. On treating thymus deoxypentose nucleic 
acid with dilute sulphuric acid at 80°, quantitative removal of guanine and adenine takes place 
{¥e\x\gtn,Z. physiol Chem.» 1918, 101, 296; Feulgen and Landmann, ibid,, 102, 262; Bredereck 


Fig. 6. 



The dissociation curves of the tetrasodium salt of the deoxypentose nucleic acid of calf 
thymus supplied by Professor Caspersson : 

XI. Titration with alkali from pH 7*8, O* 

XII. Titration with acid from pH 7-8, O / titration from pH 11*8, #. 

and Muller, Bcr., 1939, 72, 116) ; the resulting thymic acid is isolated as its barium salt. The 
empirical formula weight of this substance is defined, for convenience, as the amount containing 
4 g.-atoms of phosphorus, and the values obtained from the phosphorus contents of the two 
preparations studied were 1310 and 1316. The electrometric titration curve calculated on 
the basis of these formula weights is shown in Fig. 7, curve XIII, well-marked points of inflection 
being observed at pH 2*6, 8*0 and 11*6 after the neutralisation of 1*86 and 1*0 equivalents 
respectively. A titration has also been carried out in the presence of formaldehyde in order 
to ascertain what proportion of the more acidic dissociation represents that of an amino-group 
(curve XIV). 
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Discussion, — (i) The nature of the acidic and the basic groups of deoxypentose nucleic acid. 
The problem of the initial structure of deoxypentose nucleic acid before alkali or acid treat- 
ment will be considered in section (ii) of this discussion, and in this section the back-titration 
curve (Fig. 1, curve II) only will be treated. 

Owing to the fact that the deoxyribonucleotides have not yet been isolated in quantities 
sufficient to permit an investigation by electrometric methods, it is necessary to refer to dis- 
sociation-constant data of the ribonucleotides in order to interpret this curve. This procedure 
is to some extent justified by the fact that the values of the amino-groups of adenylic 

Fig. 7. 



I'hc dissociation curves of the barium salt of thymic acid : 

XIII, Titrations with acid and alkali from approximately pH 7, O. The smooth curve drawn through 

these points is calculated for IT equivs. of pK^ 4-6, 0-75 cquiv. of ^Ka' 6*5, and 1*0 equiv. of 
pK^' 100. 

XIV. Titration in 1*875% formaldehyde solution, #. 

{The zero of equivalents is fixed arbitrarily at pH 8-4, the titrations being carried out on two samples 
of slightly different barium content.) 

and cy tidy lie acids do not differ very greatly from those of adenine and cytosine respectively, 
as shown by the following data : 

Adenine 4T5 Adenylic acid :h7U ^ 

Cytosine 4-60^ Cytidylic acid 4-24^ 

^ Data of Levenc and Simms {loc. cit.). 

It is not expected, therefore, that replacement of tZ-ribose by deoxypentose would give rise to 
any considerable change in the -pKa values. 

There has been some confusion in the literature between the ^Ka values assigned to the 
amino- and the primary phosphoryl dissociations of nucleic acids. Levene and Simms {loc. 
cit.) considered the groups dissociating in the range pH 2*0 to 6*0 to be the amino- groups, 
whereas Hammarsten {loc. cit.) and Fletcher, Gulland, and Jordan (/., 1944, 33) considered 
them to be the. primary phosphoryl dissociations. Consideration of the -pKa values for the 
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nucleosides and sugar phosphates (pven below) in the light of the modem theory of zwitterions 
points conclusively to the former view being correct.* 

Adenosine 8-45 (Levene and Simms, loc. ciL), 

Sugar phosphates”' pii'a 0-8 to M; pA’ ' 6 0 to 6-5 (Kumler and Eiler, J, Amer. Chem. Soc., 

* ^ ^ * * 1943, 65> 2356). 

Adenylic acid pA«/, 0-89; pA*/, 3-70; pAT,/, 6*01 (Levene and Simms, loc.cit.). 

The pA'a/ value of adenylic acid is clearly that of a primary phosphoryl dissociation, the pA\' an 
amino-dissociation, and the pATa,^ a secondary phosphoryl dissociation. At the isoelectric 
point, therefore, nucleic acids will exist almost entirely in the zwitterionic form. 

The dissociations which will be titrated in the range pH 2*5 to 8*0 are therefore those of the 
amino- and the secondary phosphoryl groups. Examination of the lower portion of the back- 
titration curve (Fig. 1, curve II) shows that groups of both types are present, although the 
amount of secondary phosphoryl dissociation for every four atoms of phosphorus is relatively 
\'ery small (see below). The curve is in approximate agreement with a theoretical curve con- 
structed for 1*0 equivalent each, for every four atoms of phosphorus, of the amino-dissociations 
of guanylic, adenylic, and cytidylic acids, the pKa values of wdiich are 2*3, 3*7, and 4*24 respect- 
ively (Levene and Simms, loc. cit.\ Fletcher, Gulland, and Jordan, loc. cit.). It appears, 
however, that the pAT^' value of the amino-group of cytidylic acid {viz., 4*24) which has been 
assumed for the amino-group of cytosine deoxypentose nucleotide is low, and much better 
agreement with the experimental curve is obtained by employing the pA''^' values of 2*5, 3*5, 
and 6*2 for constructing the theoretical curve; the curve shown in Fig. 1 is calculated on this 
basis. 

The titration curve in the range pH 5*5 to 7*5 indicates the presence of a small amount of 
a group having a pAV value of 6*0 to 6*5, which is considered to be a secondary phosphoryl 
group. The determination of the exact quantity of this dissociation is dependent upon a precise 
knowledge of its p A'^' value and of the amounts of the amino-dissociations and their pA®' values, 
but using 6*5 for the pA'^' value of the secondary phosphoryl dissociation, which is that observed 
for thymic acid, and assuming that there is no overlap of the amino- and the secondary phosphoryl 
dissociations above pH 6*5 {i.e., no amino-dissociation greater than pAa' 4*5), the amount of 
secondary phosphoryl dissociation is 0*25 equivalent for every four atoms of phosphorus. 
This represents the maximum amount of this group which can be present. Since, however, 
the pAa' value of the weakest amino-group is of the order of 5*2, overlapping of the dissociations 
above pH 0*5 must occur, and thus the amount of the secondary phosphoryl dissociation present 
will be less than the maximum value. 

The analysis of the sodium salt of deoxypeutose nucleic acid shows that there are four sodium 
atoms for every four atoms of phosphorus, and in view of the fact that the amount of secondary 
phosphoryl dissociation is small, the four atoms of sodium must be combined largely or entirely 
with four primary phosphoryl dissociations. The deoxypentose nucleic acid of calf thymus 
differs in this respect markedly from the ribonucleic acids of yeast (Fletcher, Gulland, and 
Jordan, loc. cit.) and of Calliphora erythrocephela (Khouvine and Gr6goire, Bull. Soc. Chim. 
biol., 1944, 16, 421), both of which show 1*0 equivalent of secondary phosphoryl dissociation 
(on correction for the phosphorus analysis) for ever>' four atoms of phosphorus, and it cannot 
therefore possess the branched chain structure postulated for yeast ribonucleic acid by Fletcher, 
Gulland, and Jordan {loc. cit.). The data recorded are, however, consistent with the view that 
the thymus deoxypentose nucleic acid of calf thymus has a long, unbranched chain structure 
(Signer, Caspersson, and Hammersten, loc. cit.; Astbury and Bell, loc. cit.). 

The groups titrating in the range pH 8*0 to 12*0 are considered to be the purine-pyrimidine 
hydroxyl groups of thymine and guanine deoxypentosides, and the upper part of the back- 
titration curve is in agreement with a theoretical curve constructed for 1*0 equivalent each of 
pAo' values 10*4 and 11*4, The corresponding pA^' value for thymine is 9*94 (Levene, Bass, 
and Simms, J. Biol. Chem., 1926, 70, 229; and confirmed by us) and for guanylic acid, 9*36 
(Levene and Simms, loc. cit.), which, although of the same order of magnitude as the upper 
dissociations of deoxypentose nucleic acid, are nevertheless appreciably lower. The same 
effect is seen to a lesser extent in yeast ribonucleic acid which shows 2*0 dissociations of pA<,' 
10*2 as compared with 9*36 for guanylic acid and 9*43 for uridylic acid (Levene and Simms, 
loc. cit. ; Fletcher, Gulland, and Jordan, loc. cit.). The reason for this discrepancy is not clear, 

♦ Acceptance of this view does not alter the main conclusions of Fletcher, Gulland, and Jordan 
about the structure of yeast ribonucleic acid, except that the triply-bound phospho^l group is not 
necessarily that of uridylic acid. 
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especially in view of the better agreement which exists between the values for the amino- 
dissociations of the ribonucleotides and of a yeast ribonucleic acid. It may, however, be related 
to the degree of polymerisation of the nucleic acid since it is not observed in thymic acid, which 
is considered to have a low molecular weight (see below). 

The data given in Fig. 2, curve III, show that, other than the purine-pyrimidine hydroxyl 
groups, there are no dissociating groups titrating with alkali which have a value in water 
less than at least 13*6. This confirms the absence of free sugar hydroxyl groups in this sample, 
since the values of the primary hydroxyl dissociations of many sugars are in the region 
of 12*6 (Hirsch and Schlags, Z. physikaL Chem., 1929, 141 , A, 387; Steam, J, Physical Chem., 
1931, 85 , 2226; Urban and Shaffer, /. Biol. Chem., 1932, 94 , 697; Urban and Williams, ibid., 
1933, 100 , 237), and suggests that no other sugar than a deoxypentose is present in any appre- 
ciable quantity in this sample of deoxypentose nucleic acid of thymus. Furthermore, taken 
in conjunction with the presence of one primary phosphoryl dissociation for every atom of 
phosphorus, the guanine, adenine, and cytosine dissociations and the guanine and thymine 
hydroxyl dissociations, this fact supports the view that the internucleotide bond is an ester 
linkage between the phosphoryl groups and the two hydroxyl groups of the sugar which are 
not involved in the glycosidic ring structure. Other types of linking may, however, exist in 
the nucleic acid, but the sensitivity of the titration method precludes the occurrence of such 
other linkages to a greater extent than one for every ten to twenty nucleotides. 

The titration of thymic acid, taken in conjunction with the preceding data for deoxypentose 
nucleic acid, supplies information concerning the proportions of the four bases guanine, adenine, 
cytosine, and thymine present in this sample of nucleic acid. The titration curve for thymic 
acid (Fig. 7) shows 1*0 dissociation per four atoms of phosphorus in the pH range 8*0 to 12*0; 
this group can only be the enolic hydroxyl group of thymine. The 2*0 dissociations therefore 
observed in this pH range for deoxypentose nucleic acid (see above) must indicate the presence 
of one molecule each of thymine and guanine for every four atoms of phosphorus. It is not 
possible to determine with certainty the relative proportions of cytosine and adenine from the 
titration data of the sodium salt of deoxypentose nucleic acid, although the total amount of 
these groups is approximately 2*0. Thymic acid, however, possesses for every four atoms of 
phosphorus 1*0 to 1*2 dissociations of p/i’a' 4*5 which must be the amino-dissociation of cytosine, 
and thus it is probable that the ratio of cytosine to adenine in the deoxypentose nucleic acid is 
as 1*0 — 1*2 is to 1*0 — 0*8. 

The presence in barium thy mate of 0*76 equivalent of a secondary phosphoryl dissociation 
for every four atoms of phosphorus suggests, on the basis of the straight-chain structure for 
deoxypentose nucleic acid, that the average number of nucleotides per molecule of thymic 
acid is approximately 5, and thus that the average molecular weight of the free acid is of the 
order of 1200. 

(ii) The macromolecular structure of deoxypentose nucleic acid. As is shown in Fig. 1, the amino- 
and the enolic hydroxyl groups of thymus deoxypentose nucleic acid are partly or completely 
blocked until the material has been treated with acid or alkali ; an irreversible change then takes 
place with the accompanying liberation of titratable groups. The release of the groups on 
treatment with alkali takes place sharply in the neighbourhood of pH 11*5, but less sharply 
in the range pH 3*5 to 4*6 on treatment with acid. In both cases equilibrium is established 
almost instantaneously, and the liberation of groups is accompanied by a marked fall in the 
viscosity and a disappearance of streaming birefringence (Hammarsten, loc. cit.\ Vilbrandt 
and Tennent, /. Amer. Chem. Soc., 1943, 66, 1806; Creeth, Gulland, and Jordan, loc. cit.). 

The decrease in viscosity brought about by the addition of acid or alkali was considered 
by Vilbrandt and Tennent {loc. cit.) to be caused by a depolymerisation which was slowly 
reversed when the solution was returned to neutrality. Our results show that such a depoly- 
merisation cannot involve the rupture of the internucleotide ester linkages since no increase 
of secondary phosphoryl dissociation is observed in the back-titration curve. The complete 
identity of the back- titration curves from pH 2*5 and pH 12*0 strongly suggests thalt acid and 
alkali have the same effect in liberating the amino- and the hydroxyl groups. Two possibilities 
may be considered to explain this behaviour. It could be caused by easily hydrolysed radicals, 
hitherto unidentified in the breakdown products of the nucleic acid, which either substitute 
in the amino- and the hydroxyl groups separately or form a bridge between them. There are, 
however, cesrtain limitations in the type of radical which could be involved ; first, it could not 
contain groups which are titrated in the pH range examined in this investigation, since the 
back- titration curve sHows no liberation of such groups and is moreover almost identical with 
the titration curve of the acid or alkali treated samples (Figs. 4 and 6), and secondly, the stability 
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to acid and alkali of the links involving the amino- and the hydroxyl groups would have to 
be very similar. In our opinion these restrictions make the preceding explanation of the 
observed behaviour improbable, and a simpler and preferable explanation is that in which the 
amino- and the hydroxyl groups are linked by hydrogen bonds. Bonding of this type has 
frequently been suggested as being important in protein structure, and our observations on 
the behaviour of deoxypentose nucleic acid resemble in some respects those recorded for egg 
albumen (Cannan, Kibrick, and Palmer, Ann, N,Y, Acad, Sci„ 1941, 41, 243; Crammer and 
Neuberger, Biochem, 1943, 87, 302), which have been interpreted by postulating a hydrogen 
bond between a phenolic hydroxyl group and a carboxylate ion. Although it is undesirable 
at the present stage to speculate too far as to the macromolecular structure of deoxypentose 
nucleic acid, a hydrogen bond between an amino-group and either the -NH” group or the enolic 
““0(011)- group of an adjacent guanine or thymine radical could explain satisfactorily our 
experimental results. The large number of such bonds which are possible, the maximum 
number being tw'o for every four atoms of phosphorus, would give a degree of stability to the 
untreated deoxypentose nucleic acid, and in order to degrade the nucleic acid it might be 
necessary to break many of the hydrogen bonds simultaneously. Such a process would lead 
to an abnormal titration curve of the type shown in Fig. 1. It is not possible on the basis of 
these data to decide whether the hydrogen bonds unite nucleotides in the same, or in different 
chains ; this aspect is considered in the light of viscosity and streaming birefringence by Creeth, 
Gulland, and Jordan {loc. ciL), 

The increase in viscosity observed at approximately pH 7 when a solution of the nucleic 
acid was adjusted to that value after treatment with acid or alkali (Vilbrandt and Tennent, 
loc, cit, ; Creeth, Gulland, and Jordan, loc, cit,) does not involve the blocking of the amino- 
and the enolic hydroxyl groups, since the titration curves obtained were identical with the back- 
titration curve shown in Fig. 1 whether the solution was titrated immediately or was allowed to 
remain at approximately pH 7 for 96 hours in the absence of atmospheric oxygen. During this 
period the viscosity had risen to a value of the same order as that observed with the original 
acid (Creeth, Gulland, and Jordan, loc, cit,). 

A different behaviour was observed in samples which had been precipitated by alcohol at 
pH 7 after acid or alkaline treatment. Some blocking of the enolic hydroxyl groups occurred 
(Figs. 4 and 6), but to a much smaller extent than that found with the original material, and the 
properties of the precipitated material appeared to be independent of the viscosity changes, 
since very similar titration curves were obtained whether the product was precipitated 
immediately or after 96 hours. Precipitation would thus seem to be the important factor. There 
is no evidence from titration data that precipitation effects blocking of the amino-groups. 

Greenstein and Jenrette (J, Nat, Cancer, Inst., 1940, 1, 77; Cold Spring Harbor Symp. 
QuanU Biol,^ 1941, 9, 236) have postulated on the evidence of viscosity measurements that 
reversible depolymerisation of th5anus deoxypentose nucleic acid takes place on the addition 
of neutral salts. Titration of the sodium salt of thymus deoxypentose nucleic acid in 
M-potassium chloride (Fig. 2) and in 2*63 molar guanidine sulphate (P'ig. 3) showed that the changes 
in viscosity which occur bear no relation to the irreversible change which takes place on treat- 
ment with acid or alkali, since the discrepancy between the forward- and back-titration curves 
was still present in these salt solutions. The lowering of the viscosity by the addition of salt 
must therefore involve a different type of physico-chemical change to that occurring on treatment 
with acid or alkali. 


Experimental. 

Apparatus. — The electrometric titrations were carried out according to the method described by 
Fletcher, Gulland, and Jordan {loc. cit.), and the titration curves were corrected for the titration of water 
at the extremes of pH by the method of Jordan and Taylor {loc. cit.). The solutions for titration con- 
tained 100 to 200 mg. of the samples in 20 ml. of water. 

Preparation of Alkali-treated Samples of the Sodium Salt of Thymus Deoxypentose Nucleic Acid, To 

a solution ftf sodium salt of deoxypentose nucleic acid (2 g.) in water (100 ml.), 0-6N-sodium hydroxide 
(26 ml.) was added with mechanical stirring. The solution then had a reaction of pH 12*30. 0*6n- 
Hydrochloric acid (24 ml.) diluted with water (51 ml.) was added slowly with rapid stirring to avoid 
precipitation. The pH was finally adjusted to 7*0. The solution was added immediately or at the 
time required to ethyl alcohol (760 ml.). The white granular precipitate (1*6 g.) was collected, wished 
with alcohol, and dried in a vacuum over phog>horic oxide. 

Preparation of Acid-treated Samples of the Sodium Salt of Thymus Deoxypentose Nucleic Acid.— -To a 
solution of the sodium salt of deoxypentose nucleic acid (2 g.) in water (160 ml.), 0-08N-hydrochloric 
acid (60 ml.) was added slowly with constant stirring, the final reaction being pH 3*1. 0*196N-Sodium 
hydroxide (24 ml.) was added slowly with stirring, and the reaction adjusted to pH 7*1 with dilute 
hydrochloric acid. The solution was added immediately or later as required to ethyl alcohol (760 ml.). 
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The white granular precipitate (1*6 g.) was collected, washed with alcohol, and dried in a vacuum over 
phosphoric oxide. 

Preparation of Barium Thymate, — A solution of the sodium salt of thymus deoxypentose nucleic 
acid (16 g.) in water (400 ml.) was warmed to 80° and mixed with 10% sulphuric acid (30 ml.) at the 
same temperature. A white solid formed and redissolved in 6 minutes. The solution was maintained 
at 80° for 30 minutes. Silver sulphate (6 g.) was added and the suspension shaken for 1 hour, cooled 
in water and then to 0°, and mixed with a solution of barium acetate (20 g.) and barium chloride (6 g.) 
in water (30 ml.). Next day the supernatant was decanted, and the solid collected by centrifuge and 
washed repeatedly with 90% alcohol and then with 100% alcohol and ether. The product (4-6 g.) was 
dried in a vacuum over phosphoric oxide. 

Analyses. — All samples were dried at 110° in a vacuum over phosphoric oxide. Details of the 
analytical methods are given in Part I {loc. cit.). Sodium salt of deoxypentose nucleic acid of calf 
thymus prepared by Professor Caspersson and deproteinised by us (see text), found : C, 35*5; H, 4T4; 
N, 16-4; P, 9-4; Na, 7*2 (colorimetric) %. Alkali-treated sodium salt of deoxypentose nucleic acid of 
calf thymus (respective values for three preparations), found: C, 36*3, 35-7, 36T ; H, 3*62, 3*83, 3*79; 
N, 16*4, 16*6, 16*6; P, 9*30, 9*63, 9*68; Na, — , 6*42, 6*28 (gravimetric) %. Acid- treated sodium salt of 
deoxypentose nucleic acid of calf thymus, found : C, 35*9; H, 3*76; N,T5-8; P, 9*41 ; Na, 6*33 (gravi- 
metric) %. Calc, for a large polynucleotide consisting of the tetrasodium salts of tetranucleotides con- 
taining on average 1 mol. each of guanine, adenine, cytosine, and thymine deoxypentose nucleotides, 
i.e. (Cj»H45024Ni«P4Na4)*, the additional HONa of the terminal groups being ignored : C, 35*4; H, 3*4; 
N, 16*9 ; P, 9*4 ; Na, 6*95%. Calc, for a large polynucleotide consisting of the tetrasodium salts of tetra- 
nucleotides containing on average 1 mol. each of guanine and thymine, and 1*2 mols. of cytosine and 0*8 
mol. of adenine deoxypentose nucleotides, i.e. (C38.8H45O24.2N 14. 4P4Na4)a;, the additional HONa of the 
terminal groups being ignored ; C, 35*4; H, 3*4; N, 15*5; P, 9*4; Na, 6*98%. 

Barium thymate (respective values for two preparations), found: C, 27*1, — ; H, 3*46, — ; 
N. 6*44, 5*63 ; P, 9*47, 9*44 ; Ba, 23*3, 23*1%. Calc, for a molecule containing four atoms of phosphorus, 
1*2 mols. of cytosine, 1*0 mol. of thymine, 2*22 atoms of barium and a terminal OH group to every five 
atoms of phosphorus, C28.4H40.7O26.8N6.8p4Ba2.22 : C, 26*9; H, 3*10; N,5*96; P, 9-44; Ba, 23*2%. 
Calc, for a molecule containing four atoms of phosphorus, 1*0 mol. each of cytosine, and thymine, 2*22 
atoms of barium, and a terminal OH group to every five atoms of phosphorus, i.e., C29H40. lOoj. gN 5p4Ba2.o2 : 
C, 26*8; H, 3*08; N, 5*37; P, 9*56; Ba, 23*4%. 

It is a pleasure to record our thanks to Imperial Chemical Industries Ltd, for the loan of apparatus ; 
to Professor W. T. Astbury, F.R.S., for the gift of the sample prepared by Professor Caspersson; to 
Mr. J. M. Creeth, B.Sc., for preparing two of the alkali-treated samples, for preliminary work on the 
acid treated material, and for some of the sodium analyses; to Mr. C. J. Threifall, B.Sc., for preparing 
the samples of barium thymate; and to Mr. J. E. Still, B.Sc., and Mr. D. S. R. Cameron for the 
microanalyses. 

University College, Nottingham. [Received, November 2nd, 1946.] 


214, Deoxypentose Nn^cleic Acids. Part III. Viscosity and Streaming 
Birefringence of Solutions of the Sodium Salt of the Deoxypentose 
Nucleic Acid of Calf Thymus. 

By J. M. Creeth, J. Masson Gulland, and D. O. Jordan. 

The high viscosity and marked streaming birefringence of solutions of the tetrasodium salt of 
deoxypentose nucleic acid of calf thymus are found to remain constant between pH 6*6 and 10*9. 
Outside these critical limits the viscosity falls to a very low value and the streaming 
birefringence disappears, but they increase again if the pH is readjusted to 7*0. The critical 
pH values are coincident with those at which a liberation of amino- and enolic hydroxyl groups 
has been observed (Gulland, Jordan, and Taylor, Part II, this vol., p. 1131) and it is considered 
that the two phenomena are related and are due to the fission of the hydrogen bonds postulated 
as linking the purine-pyrimidine hydroxyl groups and some of the amino-groups. The 
present data do not show whether bonding of neighbouring polynucleotide chains or of 
nucleotides in the same chain is involved. 

The viscosities of solutions of the tetrasodium salt of deoxypentose nucleic acid of calf 
thymus were reduced considerably by low concentrations of neutral salt, increase of the 
concentration above 0*01m having relatively only a small effect on the viscosity. 

The high viscosity exhibited by aqueous solutions of the sodium salt of thymus deoxypentose 
nucleic acid at pH 7*0 has been shown to decrease with the addition of acid and alkali (Jones 
and Austrian, J. Biol. Chem., 1907, 8, 1; Jones, ibid., 1908, 5, 1; Hammarsten, Biochem. Z., 
1924, 144 , 383; Vilbrandt and Tennent, /. Amev. Chem. Soc., 1943, 65, 1806) and with the 
addition of neutral salts (Greenstein and Jenrette, /. Nat. Cancer Inst., 1940, 1 , 77; Cold Spring 
Harbor Symp. Quant. Biol., 1941, 9 , 236). A mechanism involving depolymerisation has been 
ascribed to both these processes (Greenstein and Jenrette, loc. cit. ; Vilbrandt and Tennent, 
loc. cit.). In view of the observations (Gulland, Jordan, and Taylor, Part II, loc. cit.) that 
4b 
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treatment with acid or alkali of solutions of the sodium salt of thymus deox 3 ^pentose nucleic 
acid prepared by Gulland, Jordan, and Threlfall (Part I, this voL, p. 1129) leads to the liberation 


Fig. 1. 



Concentration, %, 

The variation of the viscosity of solutions of the tetrasodium salt of the deoxypentose nucleic 
acid of calf thymus with concentration at two different pressures. 
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of titratable groups, whereas the addition of neutral salts does not, an investigation of the 
viscosity of solutions of this preparation of this nucleic acid appeared desirable. 

Results of this Investigation . — ^The viscosity of aqueous solutions of this preparation of the 
sodium salt of thymus deoxypentose nucleic acid increased considerably with rise of 
concentration (Fig. 1), and the viscosity of a 0*6% solution could not be measured in the capillary 
viscometers used in this investigation. At all concentrations studied the viscosity varied with 
the applied pressure, thus being abnormal or structural in character. 

The magnitude of the relative viscosity was very much greater than that recorded for other 
preparations of the sodium salt of this nucleic acid. Thus, the relative viscosity of our material 
at pH 7*0 in 0*243% solution at 25°, measured in a capillary viscometer at 8000 dynes/cm.^, 
was 116, whereas from measurements with the sodium salt i^repared by the method of Bang 
(Hofmeister's ** Beitrage Chem. Physiol. Path.*’, 1903, 4, 331) and Hammarsten (loc. cit), 
Vilbrandt and Tennent (loc. cit.) record 6*7 for a 0*3% solution at 25° measured in an Ostwald 
viscometer, and Greenstein and Jenrette (loc, cit.) give 6*53, a limiting value at high pressures, 
for a 0*25% solution at 25° measured in a capillary viscometer. 

The addition of sodium chloride or guanidine chloride (the guanidinium ion being specified 
as most effective by Greenstein and Jenrette) lowered very considerably the relative viscosities 
of solutions of the sodium salt of thymus deoxypentose nucleic acid (Fig. 2). The viscosity fell 
rapidly at first as the salt concentration was increased, reaching a critical value at about 0*0 1m 
with both sodium chloride and guanidine chloride. On increasing the concentration above the 
critical value only comparatively small changes in viscosity occurred ; a rise to a slight peak 
and subsequent fall were observed at approximately 1m, a result which may be compared with 
that observed by Needham, Kleinzeller, Miall, Dainty, Needham, and Lawrence (Nature, 1942, 
150, 46) for the action of neutral salts on the viscosity of solutions of myosin. 

The variation of the viscosity with the pH of the solution is shown in Fig. 3 ,* the ionic strength 
was maintained at 0*01 throughout. The relative viscosity remained constant as the pH was 
varied from 6*6 to 10*9, but outside these limits it fell rapidly, and at pH 12*08 and 
at pH 3*38 the viscosity of the solutions no longer varied with the applied pressure. These 
results are not in agreement with the data recorded by Vilbrandt and Tennent (loc, cit,) 
who observed a maximum in the relative viscosity at pH 7*0 and a gradual reduction of the 
relative viscosity as the pH was changed in either direction from neutrality. The results of 
these authors resemble those obtained by us with samples of the original sodium salt of thymus 
deoxypentose nucleic acid which had been treated with alkali at pH 12*6 or with acid at pH 
3*5 and then precipitated by the addition of ethyl alcohol at pH 7*0 (Fig. 3). Oiir results with 
the acid- or alkali-treated material also closely resemble those obtained with a sample of the 
sodium salt supplied by Professor Caspersson through Professor Astbury in 1939, and prepared 
by the Hammarsten-Bang procedure. 

The data for the streaming birefringence of solutions of the sodium salt of thymus 
deoxypentose nucleic acid are recorded in the table, and followed closely the changes in viscosity. 
In agreement with the experimental results of Greenstein and Jenrette (/. Nat. Cancer Inst., 
1940, 1, 77, Table 2) and the conclusions of Snellmann and Widstrom (Arkiv Kenti, Min. Geol., 
1945, 19, A, No. 31) solutions of our deoxypentose nucleic acid showed considerable streaming 
birefringence in the presence of a high concentration (4m) of neutral salt (see table). 


Variation with pH (ionic strength maintained at 0*01 throughout) and with concentration of 
sodium chloride of the streaming birefringence of 0*243% solution of the sodium salt of thymus 
deoxypentose nucleic acid. 


pH 3-7 

Streaming birefringence (relative values 
on arbitrary scale) 0 


Original nucleic acid, in water at 


40 

4-3 

60 

100 

10-9 

12(^ 

to 

to 

to 

to 

to 


4*3 

50 

100 

10-7 

11-6 


1 

2 

3 2 

1 

0 


6*9, 4; in 4M-sodium chloride, 2. 


The action of acid and alkali in reducing the viscosity of solutions of the sodium salt of 
thymus deoxypentose nucleic acid has been shown by Vilbrandt and Tennent (loc. cit.) to be to 
some extent reversible if the solutions are returned to pH 7*0. We have confined tMs result, 
but have observed that the regain of high viscosity after acid treatment is different from that 
which occurs after alkaline treatment. When a 0*243% solution was left at pH 12*5 for 15 
minutes and then returned to pH 7*0, the viscosity increased steadily with time (Fig. 4) and 
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moreover regained its structural character; after 91 hours the relative viscosity had increased 
to a value of the same order as that of the original acid, but the variation with applied pressure 
was somewhat difierent, the viscosity being lower at high pressures and higher at low pressures 
(Fig. 4). With concentrations of the sodium salt of deoxypentose nucleic acid up to 0*5% there 
was no appreciable increase in the viscosity at pH 7*0 after treatment at pH 3*6 for 15 minutes, 
but a 1*0% solution after such treatment gelled on standing for 12 hours. 

When the products of alkali- or acid-treatment were precipitated at pH 7*0 by the addition 
of ethyl alcohol, isolated, dried, and redissolved in water, they showed only a slight increase 
in viscosity vnth lapse of time. A marked difference exists, therefore, between the behaviour of 
precipitated and non -precipitated material after alkali- or acid-treatment. 

Fig. 3. Fig. 4. 



Teirasodium salt of deoxypentose nucleic acid of calf 
thymus, Q : 


I (applied pressure 3000 dynes j cm. ^), II (applied pres- 
sure 7000 dynes jcm .^) . 

Teirasodium salt of deoxypentose nucleic acid after alkal- 
ine treatment, III, # ; after acid treatment, IV, f). 

Teirasodium salt of deoxypentose nucleic acid of calf 
thymus supplied by Professor Caspersson, IV, (J. 



Relative viscosity. 


Increase of viscosity of a solution of the 
teirasodium salt of deoxypentose 
nucleic acid on standing at pH 7*0 
after alkaline treatment : V, after 26 
mins, ; VI, after 18 hours ; VII, 
after 42 hours ; VIII, after 91 hours ; 
IX, original solution of teirasodium 
salt of deoxypentose nucleic acid. 


Discussion , — -The results of the viscosity measurements are interpreted qualitatively in 
view of the fact that the viscosity was not a function of the concentration alone over the range of 
concentration studied, and for such examples the theoretical treatment of viscosity data is very 
incomplete (Eirich, Rep. Prog. Physics, 1940, 7, 329). Signer, Caspersson, and Hammarsten 
(Nature, 1938, 141, 122) have applied one of the formulae relating viscosity with the size and 
shape of the molecule, but we have not felt entitled to adopt such procedure in view of the much 
greater structural viscosity of solutions of our material as compared with that of the sample 
supplied by Professor Caspersson. 

The evidence obtained by electrometric titration (Gulland, Jordan, and Taylor, loc, cit.) 
suggests that in the original nucleic acid hydrogen bonds exist between the amino- and hydroxyl 
groups of nucleotides, and that these bonds are broken at reactions more acid than pH 6 and 





[1947] The Crystal and Molecular Structure, etc. Part III. 1145 

more alkaline than pH 11. The addition of acid or alkali did not lower the viscosity of solutions 
of deoxypentose nucleic acid until these critical pH values were reached. 

The reduction in viscosity and in streaming birefringence could be explained by the rupture 
of hydrogen bonds between adjacent chains, producing units of lower molecular weight and 
greater symmetry. It is also conceivable that a rolling-up of a single polynucleotide chain 
could occur, following the fission of hydrogen bonds between nucleotides in that chain, thus 
reducing the molecular asymmetry but not the molecular weight. The present data do not 
reveal which of these alternatives is correct or whether both processes occur. 

It is most improbable that when a solution of the sodium salt of deoxypentose nucleic acid is 
restored to pH 7 after acid or alkaline treatment, aggregation will produce precisely the same 
structure as existed in the original nucleic acid micelle, and it is likely that water molecules will 
play a greater part in the structure of the new micelle. Subsequent precipitation of the 
material at pH 7*0 by the addition of ethyl alcohol, followed by drying of the product, may thus 
considerably alter the structure of the micelle, and it is not surprising therefore that in solution 
the material isolated by precipitation behaved differently from the non-precipitated product. 

The decrease in viscosity on the addition of sodium chloride cannot have been caused by a 
disaggregation of the type described above, since no titratable groups were produced (Gulland, 
Jordan, and Taylor, loc, cii.). At least three explanations of this decrease are possible, 
a disaggregation of coarse aggregates of micelles, a change in the shape of the micelle, or a 
change in the structure of the ion atmosphere and the hydrosphere. The data so far obtained do 
not permit a choice between these alternatives. 

Experimental. 

The determination of viscosity was made in a viscometer similar to that described by Frampton 
{/. Biol. Chem., 1939, 129, 233). Four viscometers were employed, having capillaries 14-6, 13*4, 14*5, 
and 12-0 cm. long and the following radii : 0 0390, 0-0476, 0-0575, and 0*0965 cm. respectively. The 
time for the liquid meniscus to fall between two marks etched on the upright tubes at a known distance 
apart (ca. 0-5 cm.) was measured with a stop watch, reading in 1/10 sees., the meniscus being followed by 
a travelling microscope. In the experimental results recorded in the figures, the geometric means of the 
initial and final hydrostatic pressures, between which the viscosity was determined, are recorded. 

Streaming birefringence was determined by stirring mechanically a solution placed in a small cell on 
the stage of a polarising microscope. 

The preparation of the materials employed has been described in Parts I and II (this voK, pp. 1129, 1131) 

It is a pleasure to record our thanks to the British Empire Cancer Campaign for a maintenance grant 
to one of us (J. M. C.) and for defraying a part of the expenses of this investigation, and to Imperial 
Chemical Industries Ltd. for the loan of apparatus. 

Univ'ersity College, Nottingham. [Received, November 2nd, 1946.] 


215. The Crystal and- Molecular Structure of Certain Dicarboxylic 
Acids. Part III. Diacetylenedicarboxylic Acid Dihydrate. 

By J. D. Dunitz and J. Monteath Robertson. 

The crystal and molecular structure of diacetylenedicarboxylic acid dihydrate, 
HOpC'C^C — C^C*C02H,2H20, has been determined from A'-ray data, and is shown to be 
similar in general outline to that of oxalic acid dihydrate and acetylenedicarboxylic acid dihydr- 
ate (Parts I and II, this vol., pp. 142, 148). A network of hydrogen bridges extends through- 
out the crystal and links the water molecules (or oxonium ions) to the adjoining acid molecules. 

In the present crystal there is, however, a space-group change, from C^h CJ*, and the 
molecules possess a two-fold axis of symmetry instead of a centre. The configuration is no 
longer coplanar, the carboxyl groups at opposite ends of the molecule lying nearly in two 
planes inclined to one another at about bl°. 

The bond distances within the molecule are shown in Fig. 3, and should be accurate to 
within about h 0-05 a., except in the carbon chain [C(2)-C(l) and C(l)-C(l')] where a con- 
siderably higher accuracy of about -I. 0-02 a. should apply. The central single bond of 1-33 a. 
is the shortest formal single bond so far discovered. This result is discussed, and also the 
question of whether the carbon-carbon triple bond in acetylene itself is really a suitable 
standard for the “ normal " triple bond type. 

In previous papers [ loc , cit ,) we have discussed the structure of oxalic acid dihydrate and 
acetylenedicarboxylic acid dihydrate and shown that they are of the same type. The two 
water molecules (or oxonium ions) are situated betAveen the carboxyl groups of adjoining acid 
molecules, to which they are bound by one very strong and two rather weaker types of hydrogen 
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bridge. These connections form a spiral netw<a-k which extends throughout the crystal and 
confers considerable stability on the whole structure. In these crystals the acid molecules 
possess a centre of symmetry, the carboxyl groups are nearly symmetrical, and the whole 
molecule is either planar or very nearly so, as would be expected from general chemical evidence. 

We have now completed a similar detailed study of diacetylenedicarboxylic acid dihydrate. 
In this structure there is a space-group change, from C^(P2i/a) to CJ*(/2/c) and a consequent 
doubling of the c axis. At first sight, and indeed in the principal projection of the structure 
(Fig. 1), the whole arrangement appears to be entirely analogous to that of the other two 
structures, apart from the lengthened carbon chain and the c axis doubling. The analysis 
of the principal zone, {hOl), offers no particular difficulty, and proceeds on the same lines as 
before. In attempting to explain the intensities of other zones of reflections, however, serious 
difficulties were encountered. These could only be resolved on the assumption that the molecule 
of diacetylenedicarboxylic acid does not contain a symmetry centre and that the two carboxyl 
groups are not coplaiiar but lie in two planes inclined to one another at about 57®. The opposite 
ends of the molecule are related by a two-fold axis of syvametry which passes through its centre. 
In Fig. 1 the projection of this two-fold axis gives rise to a centre of symmetry and makes 
this picture precisely analogous to those already described for the other structures. 

This change in configuration is difficult to understand, particularly as the bond-length 
measurements indicate that resonance effects extend throughout the molecule and these should 
tend to produce a coplanar form. As discussed more fully below, the configuration adopted 
in this case appears to be governed by the strongly directed intermolecular hydrogen bridging 
which exists in the crystal. 

Apart from these curious effects, this structure is of special interest in providing fairly 
relialfie measurements on a system of conjugated triple bonds. The linear carbon chain lies 
in the (010) plane, and tw^o-dimensional Fourier methods provide excellent resolution of the 
various atoms. Both the triple bonds and their connecting link are found to be somewhat 
shorter (Fig. 3) than previous measurements on other compounds have indicated. These 
facts are discussed more fully below after the structure has been described. 

Description of the Structure, — Crystal data, Diacetylenedicarboxylic acid dihydrate, 
CeH 204 , 2 H 20 ; M, 174-1; m. p. (decomp, with charring) 95 — 100®; d, calc. 1-43, found 1*43 — 
1-45; monoclinic prismatic, a = 11-15 Jr 0-03, b = 3*75 i 0-01, c = 20-18 J: 0-08 a., p == 
107-0® i 0-5®. Absent spectra, {hkJ) when A -f ^ -f- Hs odd; (hOl) when either A or / is odd. 
Space-group, C\{Ic) or Cl^(I2/c), (CJ^ assumed in this analysis.) Four molecules per unit 
cell. Molecular symmetry, centre or t^-fold axis. (Two-fold axis assumed in this analysis.) 
Volume of unit cell, 806*7 a.®. Absorption coefficient for A’-rays, X = 1-54, |jl = 13*4 cm."*^ 
Total number of electrons per unit cell = F(OOO) = 360. 

Diacetylenedicarboxylic acid was first prepared by Baeyer (Ber,, 1885, 18, 676, 2270) and 
his method of preparation was followed. Our final product, however, was not identical with 
that obtained by Baeyer, his being described as the monohydrate while ours was without doubt 
the dihydrate. 

Crystals were obtained from water as small, faintly pink or yellow, sword-like needles, 
elongated in the 5-axis direction. The (001) face was always prominently developed and the 
(101) also appeared, other faces being generally absent. The crystals deepen in colour when 
exposed to light, becoming purple and eventually black; exposure to A-rays causes them to 
become quite black almost immediately. 

Structure analysis. The dimensions of the unit cell compared with oxalic acid dihydrate 
and acetylenedicarboxylic acid dihydrate suggested that the main features of the structure 
were the same as in ^ese two compounds (see Table I, Part I, loc, cit,). The inclination of the 
[lOl] axis to the a axis is still about 50® and the increase in its half-length (the c axis is doubled) 
as compared with acetylenedicarboxylic acid dihydrate (2*55 a.) is again just about the amount 
required to accommodate an extra pair of carbon atoms. 

A trial model set up on the assumption that the long axis of the molecule was lying along 
[lOl] with the planes of the carboxyl groups inclined at about 30® to the (010) plane gave 
good agreements for the observed (50/) intensities. The x and z co-ordinates were then refined 
by two successive Fourier syntheses, giving projections on the (010) plane. The final projection 
is shown in Fig. 1, from which accurate values of these co-ordinates can be obtained. 

To determine ^e y co-ordinates in the structure, it is necessary to decide between certain 
alternative arrangements that are possible in the space-group C\j^, The centres of the molecules 
must lie on special positions, but these may be {a) the centres of inversion on the glide plane a, 
(b) the centres of inversion on the glide plane c, {c) the two-fold rotation axes. This choice of 
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origins does not affect the projection on (010) described above, but it does affect the general 
planes and especially the (Okl) structure factors, which were next examined in detail. Altern- 
ative (a) was eliminated by trial methods,^ and as (b) seemed much more likely than (c), by 
analogy with the previous structures, this possibility was examined in considerable detail. 
It was not possible to obtain good agreements between the calculated and the observed 
structure factors, the mean discrepancy always being about 30%. A Fourier projection was 
made, using terms whose sign seemed reasonably certain, but this projection was unsatisfactory 
and did not lead to any further refinement of the assumed co-ordinates. The idea of a mole- 
cular centre of symmetry was therefore abandoned, and possibility [c) was next explored. A 
two-fold rotation axis permits new molecular configurations and it was soon found that a 


Fig. 2. 



Projection along the a axis, covering half a unit cell. The centres of the molecules are situated on rotation 
axes, OTl a, from the glide plane c. Contour scale as in Ftg, 1, except that the two^electron line is 
dotted. 

model, consistent with the projection in Fig. 1, but with the planes of the carboxyl groups 
oppositely inclined, each at about 30^^ to (010), led to greatly improved agreements for the 
[Okl) and general structure factors, the mean discrepancy being reduced to less than 20%. 
The y co-ordinates were then refined by Fourier projections along the a axis, and the final 
diagram is shown in Fig. 2. The resolution of the atoms in Fig. 2 is not very complete, and 
it will be seen from the explanatory diagram that considerable overlapping must be expected. 
It is nevertheless possible to assign y co-ordinates which account fairly well for the shape of 
the contours. These co-ordinates are rather less certain than the x and z co-ordinates, especially 
for the atoms C(3), 0(1), 0(2), and HjO. 

Molecular dimensions and co-ordinates. The x and z crystal co-ordinates obtained from the 
final Fourier projection on (010) are shown in Fig. 6, and are listed, together with the y co- 
ordinates, in Table I. These co-ordinates lead to the molecular model given in Fig. 3 and 
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to the intermolecular distances of Fig. 1, The orientation of the molecule in the crystal is 
given in Table II, the molecular axis L being the direction of the carbon chain, N the direction 
of the two-fold rotation axis, and M the normal to the LN plane. Molecular co-ordinates 
referred to these axes are given in Table III. 

Fig. 3. 


L 



Dimensions of the diacetylenedicarhoxylic acid molecule Projections of the molecule are drawn on the LM 

and MN planes. 


Table I. 

Observed co-ordinates. Centre of symmetry on glide plane c as origin ; x, y, z are referred to mono- 
clinic crystal axes a, b, c ; x', y, z' are referred to the a and h crystal axes and their perpendicular c\ 

"2rTX 2ny 2 ttz 


Atom (cf. Fig. 1). 

X, A. 

y, A. 

Z, A. 

X', A. 

Z', A. 

a 

b • 

c 

C(1) 

0-332 

0-11 

4-555 

-0-999 

4-355 

10-7' 

10-5° 

81-3 

C(2) 

0-920 

0-11 

3-687 

-0-157 

3-525 

29-7 

10-5 

65-8 

C(3) 

1-642 

0-11 

2-625 

0-875 

2-61 

53-0 

10-5 

46-8 

0{1) 

2-856 

-0-36 

2-899 

2-009 

2-772 

92-2 

- 34-6 

51-7 

0{2) 

1-046 

0-69 

1-503 

0-607 

1-436 

33 8 

65-4 

26-K 

HaO 

3-945 

0-00 

0-920 

3-676 

0-880 

127-4 

0 

16-4 

Centre of molecule ... 

0 

0-11 

5-045 

-1-475 

4-824 

0 

10-5 

90-0 


Table II. 

Orientation of the molecule in the crystal. The symbols xt, o^l', xm, xy» have 

the same meanings as in Part II, Table II. 

= — 44*6° cos Yx = 0-7133 xm = —134-5° cos = —0-7009 xn = 90° cos xy = 0 

fffZ = 90° cos — 0 ipM ~ 90° cos =0 = 0° COS^y 1 

cux = — 134-6° cos cux — — 0*7009 wjy = 135-5° cos cujf = — 0-7133 wy — 90° cos — 0 
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Table III. 

Co-ordinates referred to orthogonal molecular axes X, M, N, The origin of these co-ordinates is 
situated in the cr>"stal at — 0, ^ O’ll a., ^ = 6*045 a. (c/4). 

L, A. M, A. N, A. L, A. M, A. N, A. 

0(1) 0665 0 0 0(1) 3-92 -0-98 -0-47 

0(2 1-85 0 0 0(2) 3-86 0-96 0-68 

0(3) 3-3() 0 0 

Discussion of Mesulis. — Hydrogen bonding and molecular configuration. Comparison of 
Fig. 1 with the corresponding projections for oxalic acid dihydrate and acetylenedicarboxylic 
acid dihydrate (Part I. Fig. 1, and Part II, Fig. 1) shows that the same type of structure appears 
to exist in all three crystals. So far as the intermolecular hydrogen bonding is concerned, 
the three crystals are almost identical, the relevant distances in diacetylenedicarboxylic acid 
dihydrate being 0(1)~H20 == 2*66 A., 0(2)~H20 = 2*90 a. and ,2*83 a., almost exactly the 
same as in acetylenedicarboxylic acid dihydrate. The spiral arrangement described in Parts I 
and II is exactly reproduced in this compound, the apparently closed circuit 0(1), HgO, 0(2'), 
C(3'), 0(1 '), HjO, 0(2), C(3), 0(1) being actually a spiral which returns to an atom one trans- 
lation along the h axis from the original atom ; the closed four-membered ring formed by the 
weaker bonds of 2*83, 2*90, 2*83, 2*90 a. is again exactly analogous to the previous cases. 

The molecule of diacetylenedicarboxylic acid is, however, clearly different in its geometric 
configuration from those of oxalic acid and acetylenedicarboxylic acid, which possess a centro- 
symmetric coplanar structure ; even in those structures postulated for oxalic acid with a central 
bond of the normal single-bond distance the essential planarity of the molecule is not doubted 
(Part I), although in some of its salts the oxalate group has been reported non-coplanar (Hendricks 
and Jefferson, /. Chem, Physics, 1936, 4, 102) . The diacetylenedicarboxylic acid molecule is found 
to possess not a centre of inversion, but a two-fold rotation axis, and the carboxyl groups at 
opposite ends of the molecule do not lie in the same plane. If two planes are taken, passing 
through the linear carbon chain and oppositely inclined to the (010) or LM plane at an angle 
of 28*4°, the carboxyl groups lie one on each of these planes. (The observed co-ordinates show 
that the oxygen atoms of the carboxyl groups are actually at 0*06 a. from these planes, but 
this deviation is probably not significant.) 

The normal configuration for this molecule is almost certainly a coplanar one. A con- 
jugated system of the type shown by diacetylenedicarboxylic acid should confer appreciable 
double-bond character on the single bonds, and the distances observed in the carbon chain, 
which are further discussed below, show that this is the case. In the absence of any distorting 
forces such as steric or similar effects, a coplanar structure therefore seems clearly indicated 
as being the most stable. 

It is seen from Fig. 4t:(c) that a planar centrosymmetric molecule in the space group CJ* 
would lead to a system of hydrogen bonding in ^e form of a closed circuit, different from 
that observed in oxalic acid dihydrate and acetylenedicarboxylic acid dihydrate, where infinite 
spirals of hydrogen bonds occur. Now the structure shown in Fig. 4(c) is a possible structure, 
and the fact that it does not occur in the crystal shows that it must have a higher total energy 
than the structure of Fig. 4(5). The non-coplanar configuration for the molecule is, on the 
other hand, almost certainly of a higher energy than a coplanar configuration, and the energy 
difference between these two configurations must be more than compensated by the energy 
difference between the two possible systems of hydrogen bonding. It seems clear that inter- 
molecular hydrogen bonding must be the governing factor in this type of crystal structure, 
and that it is sufficiently stable and invariant to cause appreciable distortion from the natural 
coplanar shape of the molecule. 

The strong directive power of hydrogen bonds has previously been noted as being able to 
preserv^e an open crystal structure which collapses, either partly as in resorcinol (Robertson 
and Ubbelohde, Proc, Roy, Soc., 1938, A, 167, 122, 136) or completely as in ice, on breaking 
the bonds by heating. In diacetylenedicarboxylic acid dihydrate the directive power of the 
hydrogen bonds is sufficient to produce considerable distortion in the molecule itself. Such a 
directive power seems to indicate a certain amount of covalent character in the hydrogen bond. 

The above argument may explain why the expected coplanar configuration for the molecule 
may not occur in the space-group but it gives no reason for the change in space-group 
from in which the other compounds in this series occur. We would expect that the centro- 
symmetric planar molecule with an infinite spiral arrangement of the hydrogen bonds should 
exist in the space-group Clj, with a lower energy than that of the structure observed. 
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Bond lengths within the molecule. In the carboxyl group we axe again unable to distinguish 
between the carbon-oxygen bond lengths and find them both 1*25 a. (In acetylenedicarboxylic 
acid dihydrate these bonds were 1*26 and 1*27 a., and in oxalic acid dihydrate, 1*24 and 1*26 a. ; 
see Parts I and II,) The uncertainty here is of the same order as before, viz., about 0*05 a., 
but the three results taken together seem to indicate that the carbon-oxygen distances in the 
carboxyl group are probably equal, and support the view that the structures are likely to be 
ionic. 

In the carbon chain the distance C(2)-C(3), measured as 1*45 a., is also rather uncertain, 
but the fact that it is found to be slightly greater than the corresponding distance in acetylene- 
dicarboxylic acid (1*43 A.) may be significant. In the diacetylenedicarboxylic acid molecule 
the atoms no longer lie in one plane. The amount of double-bond character in the bond C(3)-C(2) 
must therefore be reduced with a consequent increase in the length of the bond. 


Fig. 4. 




(a) The acetylenedicarboxylic acid dihydrate structure. 

(b) The dictcetylenedicarboxylic acid dihydrate structure. 

(c) A hypothetical diacetylenedicarboxylic acid dihydrate structure with a coplanar molecule in the 
space-group CJ*. 


These diagrams show one unit cell of the structures projected along the a axis. Oxygen atoms are shoum 
as open circles, water molecules as black circles. For the sake of clarity only one hydrogen bond circuit 
{dotted lines) is shown in each case. 


A considerably higher accuracy, probably to within about 0*02 a., should apply to the 
remaining bond length measurements. The results are rather unusual, and for comparison 
Table IV shows the values which have been reported during the last few years for the various 
types of bond involved in triple-bonded systems. 

We should expect bonds of the type and to be considerably shortened 

from the normal single-bond distance of 1*54 a., and the values found in the present investig- 
ation and for acetylenedicarboxylic acid are indeed much lower than 1*54 a. The central 
bond of 1*33 i 0*02 a. is the shortest formal single bond yet reported, and it is, in fact, of 
just the length usually associated with a pure double bond. Accepting the value of 1*36 ^ 
0*03 A. for this bond in diacetylene (Table IV), we might expect some further shortening in 
the present compound, due to the extra conjugation effects of the carboxyl groups. Wiebenga’s 
value of 1*39 ± 0*03 a. in diphenyldiacetylene seems rather high. 

It should be noted that the general problem of contractions in triple-bonded systems has 
been given an alternative treatment by Conn, Kistiakowsky, and Smith (/. Amer. Chem. Soc., 
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Table IV. 


Bond-length measurements in triple-bonded systems. 


[AT-Ray A'-Ka>' tT>\stal analysis. 

Sp. = Spectroscopic measurements. E.D. *= 

Electron- 

ifiraction measurements (vapours).] 

Bond 

type. Compound. 

Bond 

distance, a. 

Reference. 

Method. 

^Jethy] acetylene 

1-462 + 0-002 

Herzberg, Patat, and Verleger, 

Sp. 


1-462 

± 0-002 

J. Physical Chem., 1937, 41, 
123. 

Badger and Bauer, J. Chem. 

Sp. 


1-46 

L*! 0-02 

Physics, 1937, 6, 594. 

Pauling, Springall, and Palmer, 

E.D. 

Dimetliylacetylene 

1-47 

i 0-02 

/. Amer. Chem. Soc., 1939, 
61, 927. 

do. 

E.D. 

Dimethyldiacetylene 

1-47 

f- 0-02 

do. 

E.D. 

C Tolan 

1-40 

± 0-02 

Robertson and Woodward, Proc. 

A'-Ray 

Diphenyldiacetylene 

1-44 

:Ji 0-03 

Roy. Soc., 1938, A, 164, 436. 
Wiebenga, Z. Krist., 1940, 102, 

A-Ray 

A'-Ray 

Acetylenedicarboxylic acid 

1-43 

± 0 04 

193. 

This series, Part II. 

A-Ray 

Di acetylenedicarboxylic 

1-45 

::z 0-05 

This series. Part III. 

A-Ray 

acid 

Diacetylene 

1-36 

rL- 0-03 

Pauling, Springall, and Palmer, 

E.D. 

Cyanogen 

1-37 

0-02 

loc. cit. 

do. 

E.D. 

Dimethyldiacetylene 

1-38 

- 0-03 

do. 

E.D. 

Diphenyldiacetylene 

1-39 

0-03 

Wiebenga, loc. cit. 

A-Ray 

Diacetylenedicarboxylic 

1-33 

- 0-02 

This series. Part III. 

A-Ray 

acid 

— Acetylene 

1-204 

J 0-002 

Herzberg, Patat, and Spinks, Z. 

Sp. 

Methylacetylene 

1-20 

i- 0-03 

Physik, 1934, 92, 87. 

Pauling, Springall, and Palmer, 

E.D. 

Dimethyldiacetylene 

1-20 

0-02 

loc. cit. 

do. 

E.D. 

Diacetylene 

M9 

0-03 

do. 

E.D. 

Tolan 

1-19 

. . 0-02 

Robertson and Woodward, loc. 
cit. 

Wiebenga, loc. cit. 

A-Ray 

Diphenyldiacetylene 

M8 

■ 0-03 

A-Ray 

Acetylenedicarboxylic acid 

1-19 

-- 0-02 

This series. Part II. 

A-Ray 

Diacetylenedicarboxylic 

M85 

- 0-02 

This series. Part III. 

A-Ray 

acid . 


1939, 61, 1868), who suggest an explanation on the grounds of reduced steric hindrance in the 
acetylene compounds. Some of the contraction may also be due to change in effective single- 
bond radius (Robertson and Woodward, Proc. Boy, Soc., 1938, A, 164, 436; Penney and Kynch, 
ibid., p. 409). The results of Crawford and Rice (J. Chem. Physics, 1939, 7, 437) and of Osborne, 
Garner, and Yost [ibid., 1940, 2, 131), who show that for dimethylacetylene there is little or 
no potential barrier to free rotation of the methyl groups, are also significant in this connection 
and show that double-bond character in the usual sense need hot always be present when 
there is contraction. In view of these results it becomes easier to reconcile the non-coplanar 
form of the diace tylenedicarboxy lie acid molecule with our bond-length measurements. 

For the triple bond we obtain a value of 1'185 ± 0*02 a. in our present investigation, and 
for acetylenedicarboxylic acid the value was 1*19 i 0*02 a. In general, the values recorded 
for the triple bond in carbon compounds (Table IV) are usually less than, and never greater 
than, the value in acetylene itself (1*204 i 0*002 a.). On the other hand, we might expect 
that in such conjugated systems the value should be slightly greater than the normal carbon- 
carbon triple- bond value (see also Penney and Kynch, loc, ciU). Although the limits of error 
are in all cases such that a value of 1*20 a. is admissible, yet the fact that these values are so 
consistently low may be significant. 

One reason for the discrepancy may be that the acetylene value of 1*204 a. is obtained 
spectroscopically and may not be exactly comparable to the AT-ray values (see R.obertson and 
Woodward, Proc. Roy. Soc., 1938, A, 164, 436). As far as possible, however, we try to make 
allowances for displaced electron distributions in the AT-ray work. 

Another more fundamental reason for the discrepancy may be that acetylene is not a suit- 
able standard on which to base a ** normal triple-bond length. Acetylene shows well-marked 
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acidic properties and the C““H link must bear considerable ionic character. 


type 


HC^C-H H-C^CH UC=CK 


Structures of the 


must play some part in this molecule and they should have the effect, by resonance energy and 
by electrostatic attraction, of increasing the C“H bond strength and decreasing the C*“H 
distance. The observed value for this distance in acetylene is 1*057 a., as against 1*093 a. in 
methane, although the contraction may be partly due to an increase in the s character of the 
hybridised carbon orbitals. 

In a similar way, if these structures are important, the ionic forces involved should lead 
to some increase in the distance between the carbon atoms. The triple-bond distance observed 
in acetylene may therefore represent a stretched ” rather than a normal ** triple bond. 

The amount of this stretching is extremely difficult to calculate because so many different 
types of energy are involved. A very approximate treatment may be effected by considering 
only the coulombic repulsion between the two negatively charged atoms in the structure 
+ — — + 

HC=CH. It must, of course, be remembered that this structure is less important than the 
other two mentioned above, on account of the adjacent charges. 

We consider the problem as a two-atom one and make use of the Morse function 

V{r) « !)(- 2e-"(»'-^) + e~Mr-P)) 

For the triple bond the dissociation energy D is taken as 190 k.-cals. mol.~^ There is con- 
siderable doubt about the value of this constant owing to the uncertain value of the heat of 
sublimation of diamond. The value adopted is approximately that given by Skinner {Trans. 
Faraday Soc., 1945, 41 , 645) assuming L = 170; a is the Morse constant, \/Kl2D, where K 
is the force constant, taken as 15 x 10^ dynes cm.~^ or 2180 k.-cals. mol."^ a.”^; a thus has 
the value 2*4, and p is the correct ideal ” bond length corresponding to maximum stability. 

The curve for the triple bond in acetylene has an additional term due to the coulombic 
repulsion of the two negatively charged carbon atoms, and it may therefore be represented 
as 

V = ]90(- /<) -f e -iMr-P)) + 


where 3 = fraction of ionic character in the bond. This function has (dvldy)^ == 0 at r == 1-20 a. 
or (P = 4-8 X 190 {e- ^ _ e - «} _ = 0 

or 912{e-2'4(i-20-w_e- iS(iLM, ^ 

JL 


By graphical solution of this equation for various values of S the results in Table V were 
obtained. These figures show that the “ ideal triple-bond distance, p, may be somewhat 
shorter than the acetylene value. 

Table V. 

a. (8^)2/1*202. k.-cal. mol.“i. /3, a. 8. (86^)2/1-202. k.-cal. niol.-h p. a. 

0-10 2-3 1*199 0-30 19*7 1 191 

0-20 9*2 1*196 0-40 36-8 M82 


We consider, therefore, that acetylene may not be a suitable standard for the triple-bond 
length. One compound which might be considered to possess the " normal triple bond is 
di-/ey/.-butylacetylene, the synthesis of which has recently been announced by Hennion and 
Banigan {J. Amer. Chem, Soc., 1946, 68, 1202). A detailed A-ray analysis of this compound 
would be very interesting. 

Experimental. 

Preparation and Properties . — Diacetylenedicarboxylic acid was prepared by oxidation of the copper 
compound of propiolic acid with alkaline ferricyanide after Baeyer (loc. cit., p. 2270). The extraction 
of the acid was difficult and the yields obtained were very poor, being only of the order of a few mg. 
from about 2 g. of propiolic acid. The compound obtained by us does not correspond to that of Baeyer, 
which was a mononydrate in the form of rhombic tablets, which darkened at 100°, exploded at 177°, 
and changed in light to a purple mass. Our product (crystallised from water or aqueous ether-light 
petroleuni) was in the form of pale yellow monoclinic sword-like needles, elongated along the b axis. 
These crystals darkened at 95 — 100°, decomposed on further heating without explosion, and behaved 
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similarly to Baeyer’s prodtict in light* Microanalysis (Found : C, 41*4; H, 3*8. CsHtQifHgO requires 
C, 46*2 ; H, 2*6%. CjH, 04 , 2 H^O requires C, 41*4 ; H, 3*6%) indicated that our compound is diacBtylene- 
dicarhoxylic acid dihyarate. This was further confirmed by density data ; the A‘-ray density for 4 mole- 
cules of monohydrate per unit cell is 1*28 g./c.c., or for 4 molecules of dihydrate per unit cell 1*43 g./c.c., 
while the observed density, determined by flotation in a mixture of ethylene bromide and benzene, 
is 1*43 — 1*45 g./c.c. 

The crystals became purple on exposure to light and almost black on exposure to X-rays. With 
large crystals exposed to X-rays, the blackening was confined to that section of the crystal which was 
in the actual X-ray beam. The nature of the decomposition product was not determined, but its 
amount must have been very small, since quite black crystals gave X-ray photographs which showed 
no trace of powder rings. Prolonged exposure to X-rays did, however, produce photographs com- 
plicated by powder rings. The crystals do not lose their water of crystallisation as easily as acetylene- 
dicarboxylic acid dihydrate, but the mosaic character of the crystals is ensured by their decomposition 
by light and X-rays. Copper- A’a radiation was used throughout. 


Fig. 5. 



Co-ordinates assigned to the atoms in the asymmetric crystal unit. 


Space-group Determination. — The fallowing photographs were used to determined the unit cell and 
space-group. Rotation photographs about the a, b, c axes, and about [101], [111], [Oil] gave the 
dimensions of the unit cell and showed that this was body-centred. Oscillation photographs about 
the b axis and moving-film photographs of the (Okl), (AO/), and [h\l) zones showed that the following 
halvings occurred : (hkl) appeared only when (A -f A -f /) was even ; (AO/) appeared only when both 
A and / were even. 

These halvings are characteristic of both the space-groups Cj and C^a, and these cannot be dis- 
tinguished by X-rays since they differ only in the presence or absence of a centre of symmetry. An 
experiment to distinguish between these space-groups by pyroelectric effect was inconclusive. Finally, 

space-group of higher symmetry Cj* was assumed, since the calculations are considerably simplified 
if the structure possesses a centre of symmetry; we consider this assumption to be justified by the 
subsequent results. 

Intensity Measurements. — Intensity estimates were carried out for the (AO/) and (OA/) zones. For 
the former the specimen employed had cross-section normal to the b axis of 0*13 mm. x 0*31 mm., 
while that used for the (OA/) zone had cross-section normal to the a axis of 0-29 mm. X 0*21 mm. 
The intensities were estimated, and the F values derived from them, in the same way as for acetylene- 
dicarboxylic acid d^ydrate (loc. cit.). The range of observed intensities was about 3000 to 1. 

Fourier Analysis. — The usual formulae for p{x, z) and p(y, z) were employed. For p{xz) the series 
w^ summed at 900 points over the asymmetric unit, an eighth of the unit cell, the axial subdivisions 
being a/60 = 0*186 a. and ^/1 20 — 0*168 a. Three-figure methods (Robertson, Phil. Mag., 1936, 21. 
176) were used, and the positions of the contour lines were plotted on a scale of 6 cm. to 1 a. by graphical 
interpolation from the a^ays of summation totals. The final plot of the asymmetric unit for the b 
projection is shown in Fig. 6, where the final positions assigned to the atoms are indicated by small 
crosses. 
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Table VI, 

Measured and calculated values of the structure factor. 



sin 0 




hkL 

(A =* 1*54). 

F, meas. 

F, calc. 

200 

0144 

10 

— 

7 

400 

0*289 

52 

— 

46 

600 

0*433 

34 

— 

32 

800 

0*578 

27 

+ 

25 

10,00 

0*722 

15 

— 

15 

12,00 

0*866 

11 

4- 

9 

020 

0*411 

60 

H- 

82 

040 

0*822 

8 

+ 

9 

002 

0*080 

12 

+ 

5 

004 

0*160 

65 

— 

58 

006 

0*239 

14 

— 

11 

008 

0*319 

29 

— 

29 

00,10 

0*399 

62 

— 

60 

00,12 

0*479 

23 

— 

20 

00,14 

0*569 

25 

4- 

25 

00,16 

0*638 

13 

-h 

9 

00,18 

0*718 

10 

— 

7 

00,20 

0-798 

13 

— 

7 

00,22 

0-878 

14 

-4- 

11 

00,24 

0-958 

< 3 

— 

2 

Oil 

0*210 

22 



17 

013 

0*238 

32 

— 

35 

016 

0*287 

43 

— 

51 

017 

0*347 

6 

+ 

6 

019 

0*414 

34 

+ 

41 

01,11 

0*485 

12 


12 

01,13 

0*558 

< 8 

— 

3 

01,15 

0*633 

<10 


2 

01,17 

0-709 

<10 

— 

8 

01,19 

0*786 

8 

— 

9 

01,21 

0*863 

8 

-f 

4 

01,23 

0-941 

6 


4 

022 

0-419 

24 



21 

024 

0*442 

6 

+ 

3 

026 

0*476 

24 

+ 

24 

028 

0*521 

8 

■f 

7 

02,10 

0*673 

20 


21 

02,12 

0*631 

22 

— 

29 

02,14 

0*694 

10 

— 

10 

02,16 

0*769 

< 8 

+ 

1 

02,18 

0*828 

< 8 

+ 

3 

02,20 

0*898 

< 8 

4- 

1 

02,22 

0*969 

8 

4 

9 

031 

0*618 

<10 



1 

033 

0*629 

12 

4 

10 

035 

0*649 

<10 


7 

037 

0*677 

<10 


0 

039 

0*714 

<10 

4 

6 

03,11 

0*757 

12 

— 

8 

03,13 

0*806 

<10 

— 

4 

03,16 

0*860 

10 

+ 

6 

03,17 

0*917 

< 8 

4 

1 

03,19 

0*978 

< 6 


4 

042 

0*827 

< 8 

4 

1 

044 

0*838 

< 8 

4 

5 

046 

0*867 

< 8 


1 

048 

0*882 

< 8 


4 

04,10 

0-914 

< 8 

— 

1 

04,12 

0*962 

< 6 

— 

4 

20,22 

0*925 

5 

4 

4 

20,20 

0*847 

8 


9 

20,18 

0*769 

15 

— 

14 

20,16 

0*691 

16 

— 

17 


hkL 

sin B 

(A 1*64). 

F, meas. 

F, calc. 

20,14 

0*613 

10 

~ 15 

20,12 

0*536 

21 

+ 19 

20,10 

0*460 

54 

+ 57 

208 

0*384 

11 

+ 9 

206 

0*311 

21 

- 17 

204 

0*244 

120 

4*105 

202 

0*183 

108 

-107 

205 

0*144 

39 

4- 41 

204 

0*182 

25 

4- 33 

206 

0-240 

93 

- 93 

20§ 

0*309 

98 

-102 

20, TO 

0*380 

16 

4- 21 

20,15 

0-456 

20 

4- 19 

20, 1 4 

0*534 

4 

- 3 

20,16 

0-613 

25 

4* 28 

20,16 

0*690 

44 

4- 46 

20,50 

0*768 

18 

- 18 

20,55 

0*847 

7 

- 8 

20,51 

0-925 

< 3 

— 2 

40,20 

0-924 

7 

4- 5 

40,18 

0-846 

4 

- 4 

40,16 

0*772 

11 

— 0 

40,14 

0*698 

8 

+ 9 

40,12 

0*624 

13 

+ 13 

40,10 

0*554 

11 

•4- 16 

408 

0*487 

48 

4- 47 

406 

0*423 

23 

- 24 

404 

0*366 

18 

- 9 

402 

0-320 

119 

-118 

405 

0*277 

16 

- 13 

40i 

0*288 

13 

-4- 11 

406 

0*317 

101 

4*107 

406 

0*362 

48 

4- 52 

40,10 

0*419 

26 

- 30 

40,15 

0*481 

< 4 

0 

40, l4 

0*549 

28 

+ 27 

40,16 

0*619 

41 

- 32 

40,18 

0*689 

8 

4- 5 

40,50 

0*765 

5 

4- 2 

40,55 

0-842 

< 4 

- 1 

40,54 

0-916 

10 

- 9 

60,18 

0*936 

8 

+ 9 

60,16 

0*866 

5 

4- 7 

60,14 

0*796 

13 

- 11 

60,12 

0*730 

14 

- 18 

60,10 

0*665 

9 

- 11 

608 

0*606 

22 

4- H) 

606 

0*549 

37 

- 42 

604 

0-501 

26 

4- 27 

602 

0*461 

27 

4- 20 

605 

0*417 

< 5 

- 1 

604 

0*422 

48 

4- 40 

606 

0*430 

39 

4 34 

605 

0*458 

23 

4 22 

60, TO 

0*498 

10 

4 7 

60, T5 

0*544 

40 

- 42 

60,14 

0*599 

17 

- 17 

60, T6 

0*660 

30 

- 31 

60, T 8 

0*724 

9 

4 9 

60,50 

0*791 

< 5 

4* 3 

60,55 

0*860 

5 

4 6 

60,54 

0*930 

10 

4 - 9 

80,16 

0*972 

< 3 

- 2 

80,14 

0*908 

< 4 

4 1 

80,12 

0*845 

< 5 

0 

80,10 

0*786 

30 

- 32 
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Table VI . — continued. 


Measured and calculated values of the structure factor. 



sin 6 





sin B 




hkl. 

(A - 1*54). 

F, meas. 

F, calc. 

hkl. 

(A - 1*54). 

F, meas. 

F, calc. 

808 

0*734 

13 

-f 

12 

10,0 i 

0-691 

< 5 


5 

806 

0-684 

29 

+ 

24 

10,0 i 5 

0-689 

13 

— 

13 

804 

0-640 

10 

+ 

13 

10,08 

0-696 

29 

— 

29 

802 

0-605 

12 

4- 

14 

10,0,10 

0-715 

39 

4- 

37 

802 

0-,559 

12 


5 

10,0,12 

0-741 

23 

4- 

18 

gol 

0-551 

56 

— 

50 

10,0 ,IJ 

0-775 

5 

4- 

5 

806 

0-556 

28 

— 

28 

10,0,16 

0-815 

< 5 

+ 

1 

80 S 

0-574 

10 

4- 

K 

10,0,18 

0-857 

< 5 

.... 

1 

80,10 

0-599 

22 

4- 

17 

10,0,20 

0-909 

3 

— 

4 

80,12 

0*634 

28 


26 

10,0,22 

0-961 

8 

— 

8 

80, 1 J 

0-67 S 

23 

+ 

23 






80,1(1 

0-727 

< 5 

0 

12,06 

0-961 

< 3 

— 

3 

80, IS 

0-781 

4 

— 

5 

12,04 

0-923 

7 

— 

8 

80,20 

0-839 

7 

4- 

7 

12,02 ■ 

0*891 

< 4 

— 

4 

80,22 

0-902 

< 4 

4- 

2 

12,02 

0*845 

8 

•f 

7 

80,21 

0-966 

< 3 

4- 

2 

12,0 l 

0-834 

< 5 

— 

1 





12,06 

0-828 

21 

4” 

15 

10,0,12 

0-969 

< 3 

4- 

8 

12,08 

0-831 

3 


4 

10,0,10 

0-914 

< 4 

4- 

3 

12,0,10 

0-841 

6 

— 

5 

10,08 

0-865 

5 


3 

12,0,12 

0-860 

5 

— 

4 

10,06 

0-819 

5 

-- 

7 

12,0,14 

0-885 

0 

4- 

5 

10,04 

0-779 

6 

4- 

6 

12,0,16 

0-916 

3 

4- 

1 

10,02 

0-746 

6 

4- 

8 

12,0,18 

0-953 

9 

— 

8 

10,02 

0-700 

10 


9 




0^' 



The y co-ordinates together with a check on the z co-ordinates were obtained from the projection 
along the a axis showm in Fig. 2. p(yz) was summed at 225 points over the asymmetric unit, the axial 
subdivisions being 6/30 -- 0T25 a. and (c sin /5)/60 =4 0-322 a. The summations were carried out, 
and the contour map drawn, as described above for the b projection. Considerable overlapping occurs 
iir the a axis projection and the y co-ordinates are not fixed as rigorously as we should like, but no 
better resolution can be obtained by two-dimensional methods and any ambiguity can be resolved 
only by means of three-dimensional Fourier synthesis. 

From the final co-ordinates (Table I), all the structure factors were recalculated and the results are 
given in Table VI. For this calculation the structure factor F has been expressed in the form /5 = F. 
F’or / we have used a composite empirical atomic scattering factor which gives better results than that 
used in the case of acetylenedicarboxylic acid dihydrate and oxalic acid dihydrate The / values 

used are as follows ; 


sin d (A 1-54) 01 ' 0-2 0*3 0-4 0-5 0-6 0-7 0-8 0 9 10 

/ 334 282 224 167 113 80 54 34 19 13 


The maximum value of /, at sin ^ ~ 0, may be taken as F (000) = 360, the total number of electrons 
in the unit cell. 

S is the geometric structure factor. It is conveniently put into the form 

60 S = £8-4 cos 27rf~ + cos 2 it-~, w'hen / is even 
\a c } b 

60 5 ~ — 8^ sin 27r(~ + sin 2w-^, when / is odd 

\ a c } b 

The carbon and oxygen coeificients are weighted in the ratio of 6 to 9, so that for a carbon atom 
.^4 = 1 and for an oxygen atom A ^ 1-5. Since there are six atoms in the asymmetric unit, three of 
which have ^4=1 and three A ==1*5, the maximum value of S is conveniently taken as unity. 

The percentage discrepancy finally obtained, expressed as 

£(iFmeas.|~|Fcalc.|) ,,, 

E | Fmeas.l ^ 

is 11*0 for the (60/) reflections, 14-8 for the (06/) reflections, and 11*9 for all reflections. 

In the h axis projection (Fig. 1) the F values for the (802) and (10, 0, 8) planes were omitted from 
the Fourier summation owing to uncertainty of sign. 

We thank Dr. E. Warhurst for much helpful discussion during the progress of this work, and one 
of us (J. D. D.) is indebted to the Carnegie Trustrees for a Scholarship. 

University of Glasgow. [Received, November 14/A, 1946.] 
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216 . The Constitution of ^-Santonin. Part IV. A Study of the 

Butenolide System. 

By Wesley Cocker and Stanley Hornsby. 

The speeds of bromination and hydrogenation, and the products of the latter, of ^-santonin 
and a number of ap- and jffy-butenolides have been compared. Spectroscopic observations 
have also been made. Possible structures for ^-santonin are discussed. 

Experiments with dihydro-^-santonin suggest that this compound can be represented 
as (HI). 


In Part I of this series Clemo and Cocker (/., 1946, 30) discussed the chemistry of v^-santonin 
and suggested that one of the structures (I«) and (II) represented the constitution of this 
compound, but it was not then possible to decide which was the more likely. 



Me 


H\| OH 


II 

C) 


KV- CHMo-COall 

“•a, 

(III.) 


Me () CO 



CHMe 


(16.) 

H 



(IV; R H; 
V; R = Me.) 


]VIe 0 CO 

=CjMe 




(VI.) 


Colour reactions with sodium nitroprusside (cf. Jacobs and Hoffmann, J, Biol. Chem., 1925, 
67, 333; Paist, Blout, Uhle, and Elderfield, J. Org. Chem., 1941, 6, 273) strongly suggested the 
presence of a Py-butenolide, whilst the slow reduction of ammoniacal nitrate suggested an 
ap-butenolide (cf. Jacobs, Hoffmann, and Gustus, /. Biol. Chem., 1926, 70, 1). 

In view of these opposing reactions it was felt desirable to study the properties of a number 
of butenolides of both the ap- and the py-type in which, as in ^-santonin, the butenolide is fused 
in the py-position to a cydehexane ring. 

Although various a- and p-substituted butenolides have been studied in which the substituent 
was cyclo\\Qx.y\ (Elderfield et al., J. Org. Chem., 1941, 6, 289) and a few of the above mentioned 
fused lactones have been prepared, no systematic study of the properties of the latter compounds 
seems to have been undertaken. We have therefore prepared and studied the properties of the 
lactones of the following acids, namely, 2-hydroxyryr/c?hexylideneacetic acid (IV), 2-hydroxy- 
cyc/ohexylidene-a-propionic acid (V), and 2-hydroxycYc\ohex-\-enyl-o[.-isohutyric acid (VI; 
Rj = Rg == Me). 

The ap-butenolides (IV and V) were prepared by the cyclisation of 2-ketocyr/ohexylmaIonic 
or 2-ketocyc/ohexyl-a-propionic acid with acetic anhydride; the reactions are apparently as 
follows : 



(R = H or Me.) 


That the product of the cyclisation is an ap-butenolide is shown by the fact that when the 
lactone obtained from 2-ketoc;yc/ohexylmalonic acid was submitted to ozonolysis in chloroform, 
2-keto£y^;/ohexanol was obtained. Although neither glyoxylic .nor oxalic acid was obtained in 
this reaction, yet when the same lactone was oxidised with neutral permanganate a mixture was 
obtained from which, in addition to some unchanged lactone, an unidentified carbonyl compound, 
adipic acid, and oxalic acid were isolated. We do not consider that the isolation of adipic acid 
and oxalic acid is necessarily of diagnostic value, but together with the evidence from the 
4 f 
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ozonolysis experiments there is adequate proof of the a^-butenolide structure, ITie lactone 
from 2-ketocyc/ohexyl-a-propionic acid also gave 2-ketot^^:/ohexanol on ozonol 3 r 8 is. Further- 
more, Kendal and Osterberg (/. Amer* Chem, Soc., 1927, 49 , 2047) showed conclusively by 
ozonolysis experiments on the product that when 2-ketO£y^/ohexyl-Qc-glutaric acid (VII) is 
cyclised it yields the ap-butenolide (VIII), a result which is analogous to those we obtained. 


(VII.) 


H 


=o 

(:h(co2H)-[chj,-co2H 



Other workers, e.g., Grewe {Ber,, 1939, 72, 426), have concluded that when y-keto-acids of 
the type already mentioned are cyclised the result is a py-lactone. This worker assumed that 
the product of cyclisation of 2-ketocyc/ohexyl-a-benzylacetic acid was (VI; = H; 
Rg = CHgPh). He found, however, that on catalytic hydrogenation the butenolide system was 
unaffected, whereas the aromatic nucleus suffered reduction. This resistance to hydrogenation 
was similar to that shown by lactone (V), and we believe that Grewe*s lactone was actually of 
the aP“butenolide type. 

The production of an ap-butenolide in the manner stated does not appear to be in accordance 
with the work of Kon and Speight (/., 1926, 2727) who showed that, presumably as a result of 
the tendency of the six membered ring to acquire a double bond, the equilibrium between 
rvc/ohex-l-enylacetic acid and its esters and ^jy^^/ohexylideneacetic acid and its esters lies on the 
side of the former compounds. By analogy we shoiild have expected the equilibrium between 
the py- and ap-butenolides under discussion to lie on the side of the former, but it appears that 
in these lactones the tendency of the double bond to conjugate with the carbonyl group 
predominates. It was obvious, therefore, that a py-butenolide of type 
(VI) could only be prepared if the tautomeric system were blocked, Le,, 
=9 ^2 were groups other than H. We therefore prepared and 

— CMea’COgH cyclised 2-ketocy^fohexyl-a-f5obutyric acid (IX) which yielded the 

required lactone (VI; Rj = Rj == Me). 

1 V The lactone of 2-hydroxycyc/ohexylideneacetic acid (IV) was prepared 

by McCrae, Charlesworth, and Alexander [Canadian /. Res., 1943, 
21B, 1) who oxidised the lactone of 2-hydroxyc:yc/ohexylacetic acid (Cofiey, Rec, Trav, 
chim., 1923, 42, 382) with bromine and magnesium hydroxide. The keto-acid so obtained was 
then cyclised by heating at 200° in a vacuum, and the butenolide was obtained as a solid, 
ra. p. 7 — 8°. We j^referred to use a more economical method for the preparation of this lactone. 
^-Chloro^^c/ohexanone was condensed with ethyl sodiomalonate and the ester obtained was 
saponified with methyl-alcoholic potash to give 2-keto^;yc/ohexylmalonic acid, which was 
simultaneously lactonised and decarboxylated by refluxing with an excess of acetic anhydride. 




CHNa(CO,Et)y 
in benzene 



H, 

KOH H ,/\,=0 


Acetic 

anhydride 


(IV) 


By this method we obtained the butenolide as a c^stalline solid, m. p. 29 — 30°. Lactone (V) 
^vas prepared in a similar manner, and we found this to be preferable to the method of Clemo 
and Cocker [loc. ciL) who started from 2-carbethoxycytr/ahexanone and ethyl a-bromopropionate. 

The preparation of the lactone of 2-hydroxycycfohex-l-enyl-a-fsobutyric acid was troublesome 
and a number of routes were tried before a satisfactory one was found. The first was by the 
condensation of 2-carbethoxy^:yc/ohexanone in presence of sodium with ethyl a-bromoisobutyrate, 
and the product, which gave only poor analysis results, was hydrolysed with 8% methyl- 
alcoholic potash. Unfortunately this gave only pimelic acid and a hygroscopic acid which gave 
no carbonyl reactions. In the second method 2-acetoxyc:y!ciohexanone was condensed in 
presence of zinc with ethyl a-bromofsobutyrate to give ethyl ^-hydroxy-^-aoetoxycyeXohexyUft- 
isohutyrate (X) in fam yield. All attempts to dehydrate this ester failed. It was boiled with 
acetic anhydride, with and without anhydrous sodium acetate ;\ it was heated at 160° with 
potassium hydrogen sulphate; and finally it was heated und^r reflux with pyridine and 
phosphoryl chloride : all these treatments left it unchanged. Tbrrey, Kuck, and Elderfield 
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(/. Org. Cheffn,, 1941, 6, 289) found similar difficulty in the dehydration of certain tertiary 
alcohols, but all their compounds yielded to the dehydrating action of a boiling mixture of 
pyridine and phosphoryl chloride. 




OH 


H,?« 


H ,|^,=0 Zn H ,| 

OAc BrCMe,-CO,Et^ ^a' 


^ —CMca-COjEt KQH^ 
/ — OAc maom 


MeOH 

H, ' 


koA'O ' 


H* 

H. Me.-CO^H 

h: 



(X.) 


H 

(XI.) 


(XII.) 


When the ester (X) was hydrolysed with alcoholic potash and the mixture acidified, a 
lactone CjoHisOj was obtained which presumably was (XI). Attempts to dehydrate this 
lactone were again unsuccessful, but it was found that on heating it with 30% alcoholic sulphuric 
acid a very small yield of a carbonyl compound was obtained, and this gave a 2 : ^’dinitrophenyU 
hydrazone which proved to be identical with that obtained from 2-ketocy£;/ohexyl-a-«5obutyric 
acid. The ketone was probably produced from (XI) by a pinacol-pinacolone rearrangement. 
The method was, however, of little preparative value. 

Finally the required lactone (VI ; = Rj = Me) was obtained by a method similar to that 

used by McCrae, Charlesworth, and Alexander [loc. cit) for the preparation of (IV). Ethyl 
l-hydroxycyc/ohexyl-a-isobutyxate (Wallach and Mallinson, Annalen, 1908, 860, 68) was obtain^ 
by the condensation of cyclohexsaione with ethyl a-bromowobutyrate in presence of zinc, and it 
was dehydrated and then saponified to yield cyc/ohex-l-enyl-a-isobut^ic acid. Von Braun 
and Munch (Annalen, 1928, 465, 65) effected the lactonisation of this acid with hydrogen 
bromide in acetic acid. We performed the lactonisation with 50% sulphuric acid, and the 
product was oxidised to 2-ketocyc/ohexyl-a-isobutyric acid. The lactonisation of cycldhQx-l- 
enyl-a-isobutyric acid mentioned above was, however, accompanied by the production of 

1- isopropykyc/ohexene. Wallach and Mallinson (loc. cit,) showed that this compound could be 
obtained from isopropylidenecyc/ohexane by heating with sulphuric acid. Lactone (VI; 
Rj = Ra = Me) was finally obtained by the cyclisation of 2-ketocyc/ohexyl-a-isobutyric acid 
with acetic anhydride. 

Various attempts were made to prepare the lactone of l-hydroxy-3 : 4-dihydronaphthalene- 

2- isobutyTic acid, but these were unsuccessful. 

Hydrogenation Experiments . — ^-Santonin and the lactones (IV), (V), and (VI ; R^ = Rj = Me) 
were separately submitted to catalytic hydrogenation at 1 atmosphere pressure of hydrogen, at 
room temperature using (a) palladised charcoal and (h) Adams's platinic oxide catalyst. The 
results of these experiments are shown in Fig. 1 and Table I. It can readily be seen that, of all 
the lactones employed, only ^-santonin was hydrogenated with any rapidity when palladised 
charcoal was employed, and here absorption ceased when one molecule of hydrogen had been 
taken up. The product of the reaction was dihydro-^santonin (III), an unsaturated carboxylic 
acid. With the same catalyst the ap-butenolide (IV) absorbed one molecule of hydrogen in 
about 16 hours and the product was the saturated lactone of 2-hydroxycyc/ohexylacetic acid. 
On the other hand the ap-butenolide (V), in which the ap-double bond is further protected, 
absorbed about 0*1 molecule of hydrogen in fifteen minutes in presence of palladised charcoal 
after which no further absorption took place. The addition of Adams's catalyst at this stage 
effected no further absorption apart from that expected in the reduction of the catalyst. On 
working up the reaction mixture only (V) was isolated. The py-butenolide (VI ; R^ = Rg = Me) 
was unaffected by hydrogen and palladised charcoal, but in presence of Adams's catalyst 
absorption took place at a very rapid rate and 2 molecules of hydrogen were taken up in 15 
minutes with the production of cyc^/ohexyl-a-isobutyric acid, identical with the acid obtained 
from the hydrogenation of c;yckhex-l-enyL-a-i5ubutyric acid (XII) in presence of Adams’s 
catalyst. In presence of the same catalyst 0-santonin absorbed one molecule of hydrogen at a 
speed very similar to that of (VI), but further hydrogenation was slower and was complicated 
by the reduction of the keto-group. Under similar conditions (IV) was reduced rapidly, but 
not so rapidly as either 0-santonin or (VI), and again a saturated lactone was obtained. Finally 
we found that cyc/ohex-l-enyl-a-tsobutyric acid (XII) was unaffected by hydrogen and palladised 
charcoal, which falls into line with the absence of reactivity of dihydro-0-santonin (III) towards 
the same reagents, and it is of interest to record that Thakur (/., 1933, 1481) found that 
fyc/ohex-l-enyl-a-propionic acid was only slowly reduced with Adams's catalyst. 

These results clearly indicate that 0-santonin and the py-lact;one behave alike in the 
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production of a deoxy-acid on hydrogenation; a result which is similar to that foui^d by Jacobs 
and Scott (/. Biol. Chem., 1930, 87, 601) in the investigation of a number of simple Py-butenolides. 
These workers and Paist, Blout, Uhle, and Elderfield {loc. cit.) also found that simple «p- 
butenolides are reduced to the corresponding saturated lactones. Both ^-santonin and (VI ; 
Ri — Ra = Me) are more rapidly hydrogenated than the ap-butenolides (IV) and (V), but it is 
well known that ap-double bonds, and particularly protected ap-double bonds, are very often 
sluggish'or resistant to hydrogenation (Haworth, Ann. Reports, 1937, 34, 328). 


Fig. 1. 



Time, in hours. 

Hydrogenation of fjt-santcnin and the synthetic lactones. 



Table I. 

Hydrogenation ^Experiments on the Lactones at 1 fl/m./18°i3''. 

Time for uptake of hydrogen. 

Lactone. Catalyst. 1 mol. 2 mols. Product. 

lA-Santonin 15 minutes Dihydro ^-santonin 

(//santonin tpto„H,0 10 „ / (III) 



/ Pd/C Xo absorption 

tPt02,H20 15 minutes 


fPd/C 16 hours 

tPtOjf.HgO 30 minutes 


fPd/C 01 mol. in 15 mins. 

tPtOj.HjO No further absorption 
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Halogcnation Experiments, (With C. Lipman.) — It is well known that ap-unsaturated acids 
and esters absorb bromine less rapidly than their py-isomerides (Sudborough and Thomas, 
1910, 97, 715, 2450) and this method was used by Linstead {/., 1927, 356) for determination of 
the position of equilibrium in mixtures of isomeric unsaturated acids. By a method similar to 
that advocated by Linstead we have studied the comparative speeds of bromination of 
^-santonin and the three other lactones. For this purpose equivalent quantities (1/1200 g.-mol.) 
of the lactones in n / 60-solution in carbon tetrachloride, containing 30% acetic acid necessary 
to obtain solution, were treated with 2 mols. of n/ 15-solution of bromine in carbon tetrachloride, 
the final concentration of the bromine in the mixture being n/30, and the carefully stoppered 
vessels were placed in a dark container at 16 — 17°, Aliquot portions of the solutions were 
withdrawn at intervals and after treatment with potassium iodide the liberated iodine was 
titrated with n/40- thiosulphate. 2 Mols. of bromine were employed because ^-santonin 
brominates first to give a monobromo-compound by substitution and then one molecule of 
bromine adds to give a tribromo-compound (Clemo and Cocker, loc. ciU), Fig. 2 and Table II 



Time, in minutes. 

Bromination of tit-sanionin and the synthetic lactones, 
{IV, V, and VI as for Fig. 1.) 

Table II. 


Bromine absorption in mols. in x minutes. 


Lactone 


10 

15 

20 

30 

40 

90 

160 

320 

420 

900 

0- Santonin 

1-242 

— 

1-54 

1-82 

1-99 

— 








(VI) 

Ml 

106 

— 

— 

— 

— 

— 



■■■ ■ 

. 



(IV) 


— 

— 

— 

0-04 

— 

0-06 

005 




015 

(V) 


— 

0-11 

— 

— 

0-14 

— 

017 

0-19 

0-21 




(IV, 

V. and 

VI as 

for Fig 

. 1.) 







show that i/r-santonin and the Py-butenolide (VI ; = Rg = Me) absorb bromine at 

approximately the same rate, although it should be remembered that it is the upper part of the 
graph of 0-santonin which must be compared with that of (VI), since the lower part of the 
0-santonin graph, which lies upon that of (VI), represents the substitution reaction. When 
monobromo-0-santonin was brominated using one molecule of bromine its rate of bromination 
was similar to that found for the absorption of the second molecule of bromine in 0-santonin 
itself, so that the influence of the hydrogen bromide produced in the substitution reaction in 
0-santonin need not be considered. When (VI) was brominated with 1 mol. of bromine there 
was no change in the rate of reaction. The absorption of bromine by the ap-butenolides (IV 
and V) is very slow, but the initial rapid absorption is interesting and is paralleled by a similar 
absorption in the hydrogenation of (V). This is probably due to the presence of some py- 
butenolide in (IV) and (V). 



1162 Cocker and Hornsby: The ConstitiUion of ^Santonin. 

Cavaiuto and Haskell (J. Amer. Chem. Soc., 1946, 68, 2332) used Hanus solution (IBr) 
as a reagent for differentiating between ap- and Py-lactones. They found that the latter 
reacted much more rapidly than the former with this reagent. 

The bromination and hydrogenation results seem to be evidence in favour of the adoption 
of structure (la) for ^-santonin. 

Spectroscopic Evidence , — Spectroscopic studies do not appear to support the Py-structure, 
and in fact, neglecting the absorption due to the carbonyl group, there is a striking resemblance 
between the absorptions of ^-santonin and the ap-lactone (V). In each case there is high 
intensity absorption at the extreme end of the usual ultra-violet range, and in neither is a 
maximum discernible. This is similar to the experience noted by other workers such as Haynes 
and Jones (/., 1946, 964) and Ruzicka et aL {Helv, Chim. Acta, 1942, 25, 436; 1944, 27, 186) 
with a number of simple ap-unsaturated lactones. The Py-lactone (VI) absorbs with a much 
smaller intensity than either 0-santonin or lactone (V) at comparable wave-lengths. 

Table III. 

LighUahsorption Data for Unsaturated Lactones, 

(In alcoholic solutions.) 

€. 

35 ♦ Maximum characteristic of the isolated >C=0 group. 

14.000 t Maximum not discernible. 

12.000 

3,861 

Colour Reactions and Reactions with Tollens's Reagent , — Lactones (IV) and (V) both 
instantaneously reduced Tollens’s reagent whilst 0-santonin and (VI ; = Rg = Me) gave a 

silver mirror only after twelve hours. These reactions were carried out as follows. A solution 
of 10 mg. of lactone in I c.c, of purified pyridine was treated with 1 c.c. of Tollens’s reagent, 
prepared from equal volumes of 10% sodium hydroxide and 10% silver nitrate to which 10% 
ammonia was added dropwise until the precipitated silver oxide had disappeared. 

The results are interesting since they appear to show that 0-santonin and lactone (VI; 
Rj =: Rjj = Me) are alike in the position of the double bond {i.e,, they are py-butenolides), 
but the slowness of reduction of the reagent by these butenolides is contrary to the experience 
of Jacobs, Hoffmann, and Gustus {loc, cit.) who found that the py-butenolides they investigated 
gave immediate reduction of Tollens’s reagent, whereas the ap-butenolides were very sluggish. 
It must be remembered, however, that Jacobs and his co-workers were not investigating lactones 
fused to a ryc/ohexane ring, and it is more than likely that this is the explanation of the differing 
results. 

The Legal tests when applied to all the synthetic lactones in the manner recommended by 
Paist, Blout, Uhle, and Elderfield {he, cit,) were most unsatisfactory. There was little change 
in colouration with sodium nitroprusside until the solution became distinctly alkaline to 
phenolphthalein and it is felt that as applied to these particular lactones the Legal test has little 
diagnostic value. 

Cardiac Activity of the Lactones , — ^The effect on the isolated frog heart of 0-santonin, the 
lactones (IV), (V), (VI), and the lactone of 2-hydroxycyc/ohexylacetic acid was tried through 
the courtesy of the late Dr. J. Seeker of the Department of Physiology of King's College. The 
concentration of lactone used was 1 mg. per c.c, of 10% aqueous alcohol and it was found that 
1 drop of solution of all the butenolides produced cardiac inhibition, whilst the saturated lactone 
was ineffective. It appears, therefore, that the unsaturated lactone system has some cardiac 
effect, but it is not specific for either the ap- or the Py-type. No experiments were performed on 
cats but it is highly unlikely that any of the lactones would have important effects (cf. Swain, 
Todd, and Waring, /., 1944, 648). 

If tlie Py-butenolide structure (I) for 0-santonin is adopted there are certain experimental 
results which require an explanation. In the first place when 0-santoxiin is saponified with 
methyl-alcoholic potash a solution is obtained from which the starting material is regenerated 
even on acidification at 0®. Many experiments were performed but in none of these was there 
any evidence for the production of a diketo-acid on saponification of 0-santonin, whereas the 
diketo-acid (XIII) would be expected from structure (la). All the S3mthetiG butenolides give 
keto-acids on saponification. One possible explanation could be that on hydrolysis the keto-acid 
undergoes isomeric change with the formation of the cyclic alcohol (XIV), in the same way 
that Bergmann and Gierth {Annalen, 1926, 448, 48) found that 2-ketoey^^hexanol can exist in 


A. A. 

0’Santonin ... {^ooot 

(V) 2200 1 

(VI) 2200 1 
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the oxido-form (XV), It is possible that on acidification]] (XIV) *could lactonise and undergo 
isomeric change with the formation of (la). 

A further difficulty in the way of acceptance of structure (la) lies in the fact that it has been 
shown that in the butenolides fused to the ^^c/ohexane ring, unless tautomeric change is 



(XIII.) . (XIV.) (XV.) 


impossible as in (VI), the double bond is found in the ap-position. Why then should ^-santonin 
be a py-butenolide ? We believe that the hydroxyl group is somehow connected with this 
problem and it may be that structure (I&) is more acceptable than (la), but until we have 
succeeded in synthesising certain hydroxylated butenolides it would be well to withhold further 
comment. 

Some Experiments with Dihydro-^-santpnin , — This compound readily decolourises bromine 
water, and in quantitative experiments performed under identical conditions with those already 
described it was found that one mol. of bromine was completely absorbed per mol. of acid in 
less than 5 minutes. This result is strongly suggestive of a py-unsaturated acid. Moreover 
such Py-acids readily form bromo-lactones on treatment, in sodium carbonate, with bromine 
water. Thus Harding, Haworth, and Perkin (/., 1908, 95, 1963) obtained a bromo-lactone, to 
which they assigned the structure (XVII), when ^;y(:/ohex-l-enylacetic acid (XVI) was 
brominated in sodium carbonate. In a similar manner when dihydro«0-santonin was treated 
in sodium carbonate with bromine water a white crystalline solid was obtained. This was a 
bromo-lactone, CisHjiO^Br, and to this compound by analogy we assign structure (XVIII). 



(XVI.) (XVII.) 


(Ill) 


Br»+ ^ 
Na,CO,^ 



■CHMe 

KBr 


(XVHI.) 


The possibility that the bromo-lactone is a p-lactone may be ruled out, since we have shown 
already that the ap-double bond is resistant to attack of bromine and the mechanism of addition 
of hypobromous acid is undoubtedly similar to that of bromine itself. 

Such bromo-lactones as those mentioned above should be capable of reduction to the 
corresponding unsaturated acids. Thus Winterstein and his co-workers (Z, physiol, Chem,, 
1931, 199, 26, 37, 46, 66, 64, 75) have shown that Py- and y3-unsaturated acids can be converted 
into crystalline bromo-lactones from which the unsaturated acids arc regenerated by reduction 
with zinc and alcohol or zinc and acetic acid. 



When the bromo-lactone (XVIII) was refluxed with zinc dust in alcohol it was smoothly 
reconverted into dihydro-^-santonin. In an analogous manner cyc/ohex- 1-enyl-a-isobutyric 
acid was converted into a bromo-lactone, CioHi^OaBr, from which the unsaturated acid was 
again obtained by reduction with zinc and alcohol. 

We consider that the above evidence strongly supports the structure (III) suggested for 
dihydro-^santonin . 

Experimental. 


Lactone of 2-Hydroxycyclohexylideneacetic Acid (IV). 2-Kctocyclohexylmalonic Acid . — Ethyl 
malonate (634 g.) was added dropwise to a stirred and boiling suspension of powdered sodium (9T g.) in 
benzene (300 c.c.) and the reaction was continued until all the sodium had disappeared. The cooled 
mixture was then slowly treated, with stirring, with 2-chlorocyc/ohexanone (63 g.). After 1 hour in the 
cold the mixture was heated on the water-bath and refluxed, with stirring, for 8 hours. It was then 
cooled and acidified with dilute acetic acid, and the benzene layer was separated, washed with water, 
and dried. On distillation ethyl 2-ketocyclohexyltnalonate (49 g.) was collected as a colourless oil, b. p. 
160—16173 mm. (Found : C, 61-6; H, 7*9. C^HgoO* requires C, 60*9; H, 7-8%). This ester was 
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hydrolysed by heating for 2 hours under reflux with a solution of potassium hydroxide (34 g.) in methyl 
alcohol (600 c.c.) and water (50 cx.). Methyl alcohol was then removed and the residue was dilute 
with water, shaken with charcoal, and filter^. The filtrate was acidifled, saturated with ammonium 
sulphate, and extracted several times with ethyl acetate from which the required 2-ketocyc/ohexyl- 
m^onic acid was obtained (19 g.). ra- p* 160°. It crystallised from water as colourless needles, m. p. 

168 169° (decomp.). McCrae, Charlesworth, and Alexander (loc, cit.) give m. p. 163° (Found : C, 64T ; 

H, 6»0; equiv., 105*1. Calc, for : C, 64-0; H, 6*0%; equiv., 100). Its 2 : ^’dinitrophenyl- 

hydrazone crystallised from alcohol as yellow needles, m. p. 218 — 219° (decomp.) (Found : C, 48*0; 
H, 4*5. Ci8Hie08N4 requires C, 47*4; H, 4*2%). 

The above acid (19 g.) was gently refluxed for 2 hours with acetic anhydride (80 g.) and the acetic 
anhydride was then removed under reduced pressure. The residual oil was dissolved in ether, washed 
several times with sodium hydrogen carbonate solution, dried, and distilled. The product distilled 
almost completely at 131 — 133°/3 — 4 mm. and on cooling it solidified to a mass of colourless needles of 
(IV), m. p. 29—30° (Found : C, 69*3 ; H, 7*3. Calc, for CgHioOa : C. 69*6 ; H, 7*25%). On hydrolysis 
with 10% methyl-alcoholic potash the lactone yielded 2-ketOi;ydohexylacetic acid, m. p, 73°, undepressed 
by admixture with an authentic specimen prepared by heating 2-ketocyc/ohexylmalonic acid (cf. McCrae 
et ah, loc. cit.) (Found : equiv., 150. Calc, for CgHjaGg : equiv., 166). 2-Ketocyclohexylacetic acid 
2 : 4-dinitrophenylhydrazone crystallised from dilute alcohol as yellow needles, m. p. 193 — 194° (Found : 
C, 50*5; H, 4*8. CuHigOflN* requires C, 60*0 ; H. 4*8%). 

Oxidation of the Lactone . — (k) With neutral potassium permanganate. The lactone (1*0 g.) in water 
(10 c.c.) containing magnesium sulphate (3 g.) was slowly treated, with shaking, with 1% permanganate 
(75 c.c.) . The mixture was then further shaken for 30 minutes. It was made alkaline to phenolphthalein 
and filtered. The filtrate was warmed for 30 minutes on the water-bath and extracted with ether from 
which unoxidised lactone, m. p. 29 — 30°, was obtained. The alkaline residue was evaporated to a vety 
small bulk, acidified with sulphuric acid, and extracted many times with ether from which adipic acid 
(crude, m. p. 140°) was isolated. The aqueous residue was freed from sulphate ions, buffered with 
sodium acetate, and treated with calcium chloride ; calcium oxalate was produced, soluble in hydrochloric 
acid and capable of reducing acid potassium^ permanganate. 

(b) With ozone. The lactone (0*6 g.) in purified chloroform (25 c.c.) was subjected to ozonised oxygen 
(0*009 g.-mol. Og/hr.) for 30 minutes. The solvent was then removed in a vacuum at room temperature 
and the residue was shaken thoroughly with water and left overnight. The solution was treated with 
sodium carbonate (0*5 g.) and steam distilled. The distillate yielded a 2 : 4-dinitrophenylhydrazone 
which on crystallisation from alcohol gave m. p. 231 — 232° undepressed by an authentic specimen of the 
2 : 4-dinitrophenylhydra2one of 2-keto^;yc/ohexanol. Neither glyoxylic acid nor oxalic acid was, 
however, identified in the residue from the steam distillation. 

Hydrogenation. — The above lactone (1*0002 g.) in glacial acetic acid (20 c.c.) containing palladised 
charcoal (0*5 g.) absorbed 166*4 c.c. of hydrogen at 16*5°/761 mm. This is equivalent to 0*98 mols. of 
hydrogen per mol. of lactone. The reaction was complete in 16 hours. The glacial acetic acid was 
removed under reduced pressure and the residue was distilled to give the lactone of 2-hydroxycyc:/ohexyl- 
acetic acid (0*9 g.), b. p. 110 — lll°/3 — 4 mm. (Found : C, 68*3; H, 8*6. Calc, for CgHj^Oa : C, 68*6; 
H, 8*6%). Its phenylhydrazide crystallised from dilute acetic acid in colourless plates, m. p: 168° 
(Found : C, 67*7; H, 8*2. C, 4 H 2 oOaNg requires C, 67*7; H, 8*1%). No acid products were isolated 
from the reduction, and when the reduced lactone was hydrolysed by alkali and the solution acidified 
it was regenerated unchanged. 

When (IV) (0*3070 g.) was hydrogenated in acetic acid (20 c.c.) containing Adams’s platinic oxide 
catalyst (0 05 g.) at 20°/769 mm. hydrogen was rapidly absorbed and absorption was complete (1*17 mols. 
of hydrogen per mol. lactone) in 30 minutes. When the acetic acid was removed the residue was found 
to be insoluble in sodium carbonate, and it gave a phenylhydrazide identical with that described above. 

Lactone of 2-‘Hydroxycyc\ohexylidene-a^propionic Acid (V). 2-KetoQ,yc\ohexyLa-propionic Acid. — The 
following method was found to be more convenient than that described by Clemo and Cocker (loc. cit ). 
Ethyl methylmalonate (27 g.) in dry benzene (20 c.c.) was added dropwise to powdered sodium (3*56 g.) 
in dry benzene (60 c.c.), and the reaction was continued until the sodium had disappeared. Then 
2-chloro(;yc/ohexanone (20 g.) was slowly added with stirring, and the mixture was stirred and refluxed 
for 8 hours. It was diluted with water and the benzene layer was separated, dried, and distilled. The 
ester (18 g.) was collected at 158 — 162°/3-— 4 mm., but all attempts to get a good anal 5 rfcical specimen 
failed. It was therefore hydrolysed under reflux for 2 hours with a mixture of potassium hydroxide 
(12 g.), methyl alcohol (90 c.c.), and water (30 c.c.). Methyl alcohol was removed under reduced 
pressure, and the cooled residue was acidifled with dilute sulphuric acid and extracted with ether from 
which 2-ketocyc/ahexyl-a-propionic acid (6 g.) was obtained, m. p. 133 — 134°. It crystallised from 
water (charcoal) as colourless plates, m. p. 134*6 — 186*5° (Found : equiv., 172. Calc, for C 2 HJ 4 O 8 : 
equiv., 170). Its 2 : 4-dinitrophenylhydrazone crystallised from alcohol as yellow needles, m. p. 244° 
(decomp.) (Found : C, 61*3; H, 6*6. Calc, for CisHigOeN* ; C, 61*4; H, 6*1%). 

Lactone (V) . — The above keto-acid (17*6 g.) was heated under reflux for 2 hours with acetic anhydride 
(60 c.c.). Acetic anhydride was removed under reduced pressure and the residue was extracted with 
ether. The extract was washed several times with sodium hydrogen carbonate solution, dried, and 
distilled, to give the required lactone as a highly refractive liquid, b. p, 133— 134°/3 mm. (Found : 
C, 70*6 ; H, 7*8. CgHjgOj requires C, 71*0 ; H, 7*9%). This lactone was somewhat less soluble in water 
than its lower homologue, but it was readily and quantitatively saponified with 6 — 10% methyl-alcoholic 
potash to 2-ketoc:ycZohexyl-a-propionic acid, m. p. and mixed m. p. 136°. 

Attempted hydrogenation. The above lactone (0*9763 g.) in glacial acetic acid (20 c.c.) containing 
palladised charcoal (0*6 g.) was hydrogenated at 16°/746 mm. 17*5 C.c. of hydrogen were absorbed in 
about 16 minutes, and then absorption ceased. Adams’s catalyst (0*1 g.) just previously reduced was 
later introduced and a further 80*0 c.c. of hydrogen was absorbed, but even after further shaking 
overnight no appreciable further absorption took place. On removal of the acetic acid and alkaline 
hydrolysis of the residue, 2-ketocy<?/ohexyl-o-propionic acid (0*7 g.), m. p. 135°, was recovered. 
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2‘Hydroxycyc\ohex-\’-enyl-a’-isobittyrolactone Rj = Rj = Me). — [a) From 2-acetoxycyc\Qhexanone . 
Clean and bright zinc wool (3’2 g. ; 2*1 g. -atoms) was added in portions to 40 c.c. of a mixture of 
2-acetoxycj'£:/ohexanone (3*6 g. ; Bergmann and Gierth, Annalen^ 1926, 448 , 48), ethyl a-bromotso- 
butyrate (4*4 g.), iodine (0-06 g.), and dry benzene (86 c.c.), and the whole was brought to the boil, 
under reflux, with stirring. Reaction set in, and after 10 minutes the remainder of the benzene solution 
was added dropwise to the stirred mixture. Stirring and refluxing were then continued for 3 hours. 
The mixture was cooled and added to 10% sulphuric acid and ice, and, after shaking, the benzene layer 
was separated, washed with 6% sodium hydrogen carbonate solution, dried, and distilled, the fraction 
b. p. 139 — 140“/6 mm. being collected. This was again distilled and the ester collected as a colourless 
viscous liquid (4*6 g.), b. p. 127 — 130®/3 — 4 mm. (Found : C, 62*4; H, 8*9. C14H24O5 requires C, 61*8; 
H, 8*8%). The ester (3*66 g.) was hydrolysed by heating under reflux for 3 hours with potassium 
hydroxide (2*6 g.) and methyl alcohol (50 c.c.). Methyl alcohol was removed, and the residue was 
dissolved in water, clarifled with charcoal, and acidified with 20% sulphuric acid. The solution was then 
saturated with ammonium sulphate and extracted wdth ether from which a solid, m. p. 69 — 73°, was 
obtained. It was crystallised from ligroin (b. p. 40 — 60°), and the lactone of 1 : 2-dihydroxycyc/(3hexyl-a- 
isobutyric acid (XI) was obtained as colourless needles, m. p. 107 — 108° (Found: C, 65*6; H, 8*3. 
CjoHieOa requires C, 65*2; H, 8*7%). Attempted dehydration of the ester (3*2 g.) was carried out by 
boiling for 3 hours with acetic anhydride (6 g.) and fused sodium acetate (3 g.). On hydrolysis of the. 
product only (XI) was obtained. Again dehydration was attempted by heating the ester (2*0 g.) with 
pyridine (20 c.c.) and phosphoryl chloride (7 c.c.) at 160 — 160° for 4 tfeurs. The reaction mixture was 
then cooled and poured into ice and sulphuric acid and the mixture was exhaustively extracted with 
ether. From the extract a small quantity of oil, b. p. 100 — 130°/3 mm., was obtained, from which by 
hydrolysis (XI) was produced. The lactone (XI ; 0*6 g.) was heated on the water-bath with 30% 
sulphuric acid in 50% alcohol (10 c.c.) for 3J hours. The product was an oil which was immediately 
saponified with 10% sodium hydroxide and the small amount of acidic product was extracted with ether. 
It yielded a 2 : 4-dinitroi3henylhydrazone which had m. p. 260°, undepressed by that of authentic 2-keto- 
cyc/ohexyl-a-i5obutyric acid prepared as described below (c). 

(6) From 2-carhethoxy cyclohexanone. 2-Carbetlioxy^yc/ohexanone (13 g.) was added dropwise to 
sodium ethoxide from sodium (1*76 g.) and alcohol (48 c.c.). The solid sodio-derivative was cooled and 
with stirring ethyl a-broraoisobutyrate (15 g.) was slowly added and the mixture was refluxed for 24 
hours. Alcohol was then removed and the residue was diluted with water and extracted with ether, 
from which by distillation a fraction, b. p. 155 — 180°/2 — 3 mm., was obtained. On redistillation a 
fraction (6*3 g.) vras collected at 170-— 178°/2 — 3 mm. This fraction was refluxed for 3 hours with a 
solution of potassium hydroxide (4 g.) in methyl alcohol (50 c.c.), methyl alcohol was distilled off, and the 
residue, after acidification was saturated with ammonium sulphate and extracted many times with 
ether. From this extract pimelic acid, m. p. 103 — 104° (Found : C, 52*5; H, 7*6; equiv., 73*2. Calc, 
for C7H,a04 : C, 62*6 ; H, 7*5% ; equiv., 80), and another solid product were isolated. The latter consisted 
of hygroscopic needles. It was strongly acid but gave no carbonyl reactions. It was not investigated 
further. 

(c) From l-hydroxycyc\ohexyha-\?iohuiyric acid. This compound was previously prepared by Wallach 
and Mallinson (toe. cit.) but experimental details were scanty. We adopted the following procedure. 
Clean and bright zinc wool (32 g.) was added in five equal portions to a stirred boiling mixture of cyclo- 
hexanone (40 g.), ethyl a-bromoisobutyrate (80 g.), iodine (0*06 g.), and benzene (160 c.c.). The mixture 
was heated with stirring for 3 hours, then cooled, poured on crushed ice, and shaken with 20% sulphuric 
acid (300 c.c.). The benzene layer was removed and the aqueous layer was further extracted with 
benzene and the combined benzene extracts were dried. The extract was distilled and the fraction, 
b. p. 134 — 136°/10 — 12 mm. (32 g.), collected. This consisted of ethyl l-hydroxycyc/ohexyl-a-isobutyrate. 
The above ester (30 g.) was heated for 2J hours at 150 — 160° with freshly fused potassium hydrogen 
sulphate (60 g.). The mixture was cooled and the paste extracted several times with ether. The ether 
extract was distilled and the fraction (13 g.), b. p. 130 — 136°/10 — 12 mm., collected. This was 
substantially ethyl ^:yc/ohex-l-enyl-a-i5obutyrate. An earlier fraction (13 g.), b. p. 120 — 130°/10 — 12 
mm., was the undehydrated ester. A mixture of the unsaturated ester (13 g.), potassium hydroxide 
(7*2 g.), and methyl alcohol (120 c.c.) was refluxed for 3 hours. The methyl alcohol was distilled off and 
the residue diluted with water and extracted with ether. The aqueous layer was then clarified with 
charcoal, acidified, and extracted with ether from which by distillation cyc/ohex-l-enyl-a-isobutyric acid 
(4*6 g.) was obtained as a viscous liquid, b. p. 154 — 160°/10 — 12 mm. It solidified on being kept, and 
cry.stallised from dilute alcohol as long colourless needles, m. p. 71 — 72° (v. Braun and Miinch, Annalen, 
1928, 466 , 62, give m. p. 69—71°). The acid (0*1 g.) in 10% sodium carbonate (20 c.c.) was treated at 
room temperature w-ith saturated bromine water in excess. The opalescent liquid was then extracted 
with ether from which an oil was obtained which slowly solidified. It was purified by sublimation in a 
vacuum and the hromo-lactone was obtained as long prisms, m. p. 69 — 60° (Found : C, 49*2; H, 6*3. 
pio^isOgBr requires C. 48*6; H, 6*1%). This lactone had a strong camphoraceous odour; it was 
insoluble in cold sodium hydroxide but on being warmed with this reagent it rapidly decomposed giving 
a solution containing sodium bromide. 

The above unsaturated acid (13*6 g.) was stirred and gently refluxed with 50% sulphuric acid (135 g.) 
for 6 hours. The dark gum which was produced on dilution with water was extracted with ether, 
and the extract was washed with 5% sodium carbonate and dried. On distillation two fractions 
were obtained : (i) b. p. 60°/10 — 12 mm. (4 g.), and (ii) b. p. 136 — 140°/10 — 12 mm. (4*3 g.). Fraction 

(i) was distilled at atmospheric pressure and collected at 156 — 157°. It was undoubtedly l-«5opropyl- 
cyc/ohexene (Found : C, 86*6; H, 12*3. Calc, for CjHjg : C, 87*1 ; H, 12*9%). It gave a nitrosochloride 
which crystallised from benzene-ligroin as needles, m. p. 143 — 144°. Wallach and Mallinson {loc. cit.) 
give m. p. 129—130° (Found : C, 67*3; H, 8*4. Calc, for C^HieONCl : C, 66*9; H, 8*4%). Fraction 

(ii) was the lactone of 2-hydroxycyri(7hexyl-a-fsabutyric acid ; it solidified on standing and had m. p. 48°. 
It was considered to be sufficiently pure for the further stages of the synthesis. The lactone (4*3 g.) was 
hydrolysed by boiling with sodium hydroxide (2 g.) in water (20 c.c.) for 30 minutes. The clear solution 
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was treated with a boiling solution of magnesium sulphate (6 g. of the heptahydrate) in water (40 c.c,). 
It was cooled, shaken thoroughly, and treated dropwise at 0® with bromine (6 g.). The mixture was 
then shaken for 24 hours, further portions of sodium hydroxide being added at intervals to ensure very 
slight alkalinity to phenolphthalein. The mixture was acidified and exhaustively extracted with ether, 
fr^ which, after drying, a dark red solid was obtained. This was dissolved in a slight excess of sodium 
carbonate solution, boiled with charcoal, and filtered, and the hot solution was acidified with concentrated 
hydrochloric acid. The buff-coloured acid (2*7 g.) had m. p. 149 — 150® and was considered sufficiently 
pure for further work. A portion recrystallised from water (charcoal) was deposited as colourless prisms, 
m. p. 151 — 152'’. This was undoubtedly ^-keiocycXohexyUa-isohutync acid (Found: C, 64-6; H, 8*6. 
CiftHiftOa requires C, 65*2 ; H, 8*6%). Its 2 : 4i^dinUrophenylhydrazone crystallised from alcohol as yellow 
nwdles, m. p. 255-256® (decomp.) (Found : C, 52-3; H, 6 0. CieH2oO«N4 requires C, 52-7; H, 6-6%). 
The above keto-acid (2*7 g.) dissolved in acetic anhydride (15 g.) was heated under reflux for 2 hours. 
The acetic anhydride was then removed under reduced pressure and the residue was extracted with ether. 
The extract was washed with sodium carbonate, dried, and distilled, and ^’•hydroxycyciohexA-enyl-a'- 
isobutyrolactone (1-8 g.) was collected at 119 — I2071O — 11 mm. (Found: C, 71-5; H, 8-3. CioHi40j 
requires C, 72*3; H, 8*4%). On alkaline hydrolysis the keto-acid was regenerated. 

Hydrogenation of the Lactone (VI ; Rj = R, = Me). — When the lactone (0*1996 g.) in glacial acetic 
acid ( 10 c.c.) mixed with palladised charcoal (0*2 g.) was submitted to hydrogenation at 16°/755 mm. no 
hydrogen was absorbed, but in a second experiment when lactone (0*1514 g.) in acetic acid (10 c.c.) 
mixed with Adams’s platinic oxide catalyst (60 mg.) was reduced at 18®/768 mm., 7 — 8 c.c. of hydrogen 
were absorbed in 3 minutes and two molecules (43 c.c.) in 15 minutes. The acetic acid was then removed 
ill a vacuum and a solid residue was obtained which was completely soluble in sodium carbonate with 
effervescence. The alkaline solution was shaken with charcoal, filtered, and acidified to give cyc/ohexyl- 
a-i5obiityric acid as silvery plates, m. p. 77 — 78°, raised only to 80° on two crystallisations from dilute 
alcohol. This compound was identical with that obtained when cyc/ohex-l-enyl-a-isobutyric acid (0*2 g.) 
was hydrogenated in glacial acetic acid (15 c.c.) mixed with Adams’s catalyst (0*06 g.) at 15°/751*6 mm. 
The total absorption, which took 15 minutes to complete, was 28*4 c.c., equivalent to 1 mol. of hydrogen 
per mol. of unsaturated acid. No hydrogenation took place with palladised charcoal as catalyst. 

Attempts to Prepare lHiydroxy-3 : ^-dihydronaphthalene-2-a-isohutyrolactone, — The method adopted 
was the attempted condensation of ethyl a-bromoisobutyrate with ethyl 1-keto-l : 2 : 3 : 4-tetrahydro- 
naphthalene-2-carboxylate. a-Tetralone was prepared by the ring closure of y-phenylbutyric acid with 
a mixture of phosphoric acid and phosphoric oxide (cf. Birch and Robinson, 1945, 582) ; this 
method was more economical than the usual one involving the ring closure of y-phenylbutyryl chloride 
{Org. Synth. t Coll. Vol. II, 569). a-Tetralone was converted into ethyl 1-keto-l : 2 : 3 : 4-tetrahydro- 
naphthalcne-2-glyoxylate by a method similar to that employed by Hiickel and Goth (Ber., 1924, 57 , 
1 288), but decomposition of this compound to give the carboxylate was improved as follows. A mixture 
of the glyoxylate (7*5 g.) and finely powdered glass (7 g.) was heated in an oil-bath maintained at 19(1 — 
195° for 2 hours. On cooling, the paste was extracted several times with ether from which the required 
ester (6 g.) was obtained as a colourless liquid, b. j). 163 — 155°/2 mm. (Found : C, 71*9; H, 6*5. Calc, 
for CijjHhOjj : C, 71*6 ; II, 6*4%). The keto-ester (11*3 g.) was slowly added to a suspension of finely 
powdered potassium (2*1 g.) in xylene (50 c.c.) and the mixture was stirred and refluxed until all the 
potassium had dissolved. The bromo-ester (10*1 g.) was slowly added and the stirred mixture was 
heated under reflux for 24 hours. It was then cooled and poured into water, and the xylene layer 
separated and distilled. Five fractions were obtained, namely : (i) 60 — 70°/3 mm., (ii) 105 — 145°/3 mm., 
(iii) 155 — 160°/3 mm., (iv) 170 — 176°/3 mm., and (v) 180 — 185°/3 mm. Of these (i) was unchanged 
bromo-ester and (iii) was almost pure keto-ester. Fractions (iv) and (v) were separately hydrolysed for 
5 hours with 8% methyl alcoholic potassium hydroxide, and from each a very small quantity of solid 
was obtained which by several crystallisations from dilute alcohol, was obtained as needles, m. p. 191 — 
1 92° (Found : C,' 69*6 ; H, 4*0%) . It did not give a precipitate with 2 ; 4-dinitrophenylhydrazine and was 
recovor(M.l unchanged after boiling with acetic anhydride for 2 hours. Its investigation was therefore 
abandoned. 

Experiments with Dihydro-^i-santonin, — All attempts to reduce dihydro-^-santonin in presence of 
palladised charcoal were unsuccessful, but it can be reduced in presence of Adams’s catalyst (cf. Clemo 
and Cocker, loc. cit.). 

Bromination. Dihydro-^-santonin (0*2 g.) in water (10 c.c.) containing sodium carbonate (0*5 g.) 
was slowly treated, with stirring, with bromine water (0*12 c.c. of bromine in 15 c.c. of water). On the 
addition of the first drop of bromine water a white precipitate was formed, and this was ultimately 
collected. It was washed with 10% sodium carbonate, then with water, and dried. On crystallisation 
from dilute alcohol the hromo-lactone was deposited as colourless prisms, m. p, 180° (decomp.) (Found ; 
C, 52*6; H, 6*15; Br, 22*6. Ci5Hai04Br r^uires C, 52*2 ; H, 6*1; Br, 23*2%), This compound was 
readily decomposed on boiling with water yidding a solution containing hydrobromic acid. 

Reduction of the bromo-lactone. Bromo-lactone (0*3 g.) in alcohol (6 c.c.) was refluxed with zinc dust 
(1*0 g.) for 4 hours. The hot mixture was filtered and the filtrate was evaporated to dryness. An oily 
residue was left and this was rubbed with 10% hydrochloric acid to remove zinc; a solid was thus 
obtained which, after being washed, was recrystallised from dilute alcohol; it separated as needles 
(0*2 g.), m. p. 187 — 188° undepressed with authentic dihydro-0-santonin. This compound was again 
obtained when the bromo-lactone was heated on the water-bath with zinc dust and acetic acid for 3 hours. 

One of us (S. H.) desires to thank the Council of King’s College for a Post-Graduate Scholarship, We 
also desire to thank Messrs. T, and H. Smith for a gift of ^-santonin. 
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217 . The Kinetics of Aromatic Halogen Substitution. Part III. 
lodination by Iodine Chloride. 

By L. J. Lambourne and P. W.. Robertson. 

lodination by iodine chloride of, e.g„ acetanilide and anisole, like the corresponding bromin- 
ations by bromine, shows third-order kinetics in acetic acid solution. When there is steric 
hindrance to the entry of the iodine atom into the benzene ring, as in pentamethylbenzene 
and ^-tolyl methyl ether, there is concomitant iodine chloride-catalysed chlorination, and this 
has an inducing effect on the iodination. In chlorobenzene solution this side reaction becomes 
more prominent, occurring with a compound like anisole, for which steric hindrance is not to be 
expected. 

The use of iodine chloride as an iodinating agent has long been known, but its applicability is 
limited. Chattaway and Constable (/., 1914, 105, 124) showed that in acetic acid solution, a 
90% yield of the ^-iodo-derivative is obtained from acetanilide. In iodination with iodine 
chloride the liberated hydrogen chloride combines with the reagent to form HlClg, with tlie 
result that the rate falls off rapidly during the course of the reaction, just as in the corresponding 
brominations owing to HBrj formation. This complicates the kinetic interpretation, necessitat- 
ing measurements of the initial rates for the evaluation of the reaction order. The general 
conditions of such measurements have been discussed in Part I of this series (/., 1943, 276). 
The following results were obtained for acetanilide, times (mins.) being shown for 10% iodine 
chloride absorption in acetic acid. 

Temp. m/20. m/40. 

24** 160 {n = 3-3) 780 

50 36 (w - 2*6} 105 

The order is approximately 3 at 24° and is less at 50°, an effect similar to that found in the 
bromination of this compound, for which orders, w = 3*0 (24°) and n = 2*5 (50°), were obtained 
at the same concentrations. 

The iodination of anisole in acetic acid is accompanied by a certain amount of simultaneous 
chlorination. Equimolecular amounts of reactants, m/20, at 24°, ceased to react at 78% 
halogen absorption owing to the formation of HlClg. To such a solution a slight excess of 
anisole was added, and dry nitrogen passed through for 15 minutes. This procedure removed 
hydrogen chloride, but no chlorine, permitting a further gradual 8% halogen absorption, after 
which only iodine was left. The ratio of iodination to chlorination is therefore approximately 
5:1, and on adding water to the solution, ^-iodoanisole, m. p. 50 — 52°, was precipitated. The 
contribution of this concurrent chlorination is not sufficient seriously to affect the order of the 
iodination reaction, and the times, in acetic acid at 24°, indicate third-order kinetics : 

m/20. m/40. m/80. 

Time (x - 20) at 24*^ 11-8 (« - 3 0) 46-5 (n = 3-1) 216 

Time (at -= 20) at 40° 4-8 (w = 3-0) 19-0 (w = 3*0) 77 

Experiments with anisole in relative excess revealed that the reaction was unimolecular 
with reference to anisole and bimolecular with reference to iodine chloride. 

Pentamethylbenzene, which was found to undergo bromination in acetic acid at a rapid 
rate approximately the same as that for anisole, reacts moderately rapidly with iodine chloride. 
With this compound a steric effect is to be expected, as the approach of the large iodine atom 
is hindered by the orfAu-raethyl groups. This reveals itself in the sense that the alternative 
chlorine substitution makes a greater contribution than in the reaction with anisole, where 
there is no steric hindrance. In m / 20-solution in acetic acid at 24° there is 80% halogen 
absorption, corresponding with the relative contributions, iodination : chlorination = 3:1. 
Rate measurements show predominantly third-order kinetics in the experimental concentration 
range : 

m/40. m/80. 

Time (at = 10) 26 (n = 2-9) 95 

In ^-tolyl methyl ether steric hindrance to the entry of the large iodine atom into the o- 
position is also to be expected, and with m / 20-reactants in acetic acid at 24° the iodine chloride 
substitution stops at ^67% halogen absorption, corresponding with equal contributions of 
iodination and chlorination ; disturbed third-order kinetics are observed : 

m/20. m/40. m/80. 

Time (jv « 20) 86 (n = 3-3) 420 (n = 2-7) 1390 
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A summary of these iodine chloride reactions is now given : 

Acetanilide. Anisole. Pentamethylbenzene. /?-Tolyl methyl ether. 
Concurrent chlorination ... 10% 20% 30% 60% 

Relative rates, Br^/ICl 960 : 1 360 : 1 150 : 1 70 : 1 

Instead of the total rate of halogenation with iodine chloride becoming less (as compared 
with bromination) when there is steric hindrance, the reverse effect is observed. The alternative 
chlorine substitution, which is catalysed by iodine chloride, apparently exerts an inducing 
effect on the iodination by this reagent, and this becomes more considerable as the relative 
contribution of the chlorination increases. Other examples of induction in halogenation 
reactions have been reported (cf, 1945, 509). On changing to chlorobenzene as solvent, 
the tendency for iodine chloride halogenation to proceed by the chlorination route becomes 
more pronounced, even when there is no steric hindrance; e.g., for anisole the contribution 
of the chlorination is 60%. Correspondingly, there is an increase in the velocity of the reaction, 
the relative rates, Brg to ICl, for anisole in chlorobenzene being 6 : 1 (in acetic acid solution the 
ratio is 360 : 1). This concurrent halogenation observed with iodine chloride should be 
still more pronounced with iodine bromide, as this compound is more dissociated than the 
chloride. According to Militzer (/. Amer. Chem. Soc., 1938, 60, 256), phenol in carbon tetra- 
chloride solution is exclusively brominated by iodine bromide. It is not, however, necessary 
to assume that this reaction proceeds according to the scheme XH -f IBr — XBr + HI ; 
HI “h IBr — >- 1 2 -I- HBr, for a mechanism involving iodine bromide-catalysed bromination 
will explain the experimental result. 

The iodination of aromatic compounds by iodine chloride is analogous, not only to bromine 
substitution, but also to iodine chloride and bromine addition to unsaturated compounds. In 
acetic acid solution in the concentration region m/40, all four reactions show third-order kinetics, 
the order being reduced on rise in temperature owing to the incursion of a bimolecular reaction. 
It is concluded that the reaction mechanisms are similar (cf, 1943, 279), taking place for 
iodination according to the scheme : 

XH + ICl XH.ICl ; XH.ICl + ICl XHI + ici, XI + HICl, 

2 

and for third-order kinetics 

d[XI]/d/ == (Ai/f3/A2)[XH][lCl]^ 

Experimental. 

The compounds used were: anisole, b. p. 154*5°/760 mm.; /?-tolyl methyl ether, b. p. 179°/760 
mm.; acetanilide, m. p. 113*5°; pentamethylbenzene, m. p. 53-5°. The general technique was as 
previously described, the reactions being carried out with darkened bottles in a room with dim illumin- 
ation. At 24° the iodine chloride solutions in acetic acid were found to be stable during the time of a 
reaction, but at higher temperatures there was a slight decrease in titre, necessitating a small correction. 
Herewith a typical set of measurements : 

10 Ml. anisole, m/40 -f ICl, m/40; HOAc, 50°; 1 ml. samples titrated with KT and O OlN-NajSgOa. 


Time (mins.) 0 10 15 20 30 50 

Titre (ml.) 4-98 4-62 4-46 4*25 3-98 3*62 

Zero titre (ml.) — 4*98 4*97 4*97 4-96 4-95 


From the curve, .v 10, / = 15; second expt., x ~ 10, / = 14. 

Experiments to determine relative contributions of anisole and iodine chloride in acetic acid at 
24°; times (mins.), = 10; A, M -f ICl, m/20, t = 0-60; A, m/2 -f ICl, m/40, / == 3-0; A, m/4 + ICl, 
m/40, / = 3*5; A, m/4 -f ICl, m/80, ^ = 8*0 : these gave n (anisole) 1*2, n (ICl) 2*2. The remaining 
measurements have been quoted in the text. 

Victoria University College, Wellington, N.Z. [Received, November 21^/, 1946.] 


218 . The Kinetics of Halogen Addition to Unsaturated Compounds. 
Part XII. Iodine Catalysis of Chlorine and Bromine Addition to 
Ethyl Cinnamate. 

By H. D. C. Waters, A. R. Caverhill, and P. W. Robertson. 

Iodine-catalysed addition of chlorine to ethyl cinnamate in carbon tetrachloride solution 
proceeds according to the expression — d[Cl^]/6t = ^[A][Cl 2 ]CICl], and in the corresponding 
bromine reaction, — d[BrJ/d^ = ^[Aj[Br 2 ]*[IBr]. At higher concentrations of added iodine. 
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the order for the chloride and the bromide becomes greater than unity. In the polar solvents 
chloroform and o-dichlorobenzene, the overall rate is one order less than in carbon tetra- 
chloride, as for uncatalysed bromine addition. A general theory is proposed to explain the 
phenomenon of ^raws-halogen addition with inversion. 

The influence of iodine as a catalyst for bromine addition has long been recognised (Hertz and 
Mylius, Bey., 1906, 89, 3816; Bruner and Fischler, A., 1914, ii, 260), but such rate measurements 
as have been made are insuf&cient to establish the kinetics of the reaction. Although iodine is 
known to catalyse chlorine addition to unsaturated compounds, there appears to be no record of 
any kinetic investigation of such reactions. However, Slator (/., 1903, 83, 729) has studied the 
kinetics of the reaction, CgHj -f Clj, in benzene as a solvent or diluted with carbon tetrachloride, 
with added iodine. The reaction proceeds with 70% substitution and 30% chlorine addition 
at a rate given by the expression, — d[C\^ldt = ^[A][Cl 2 ][ICl]“, but the reaction was examined 
over only a limited iodine chloride concentration range. 

Just as the chlorination of benzene does not proceed in the absence of iodine, chlorine adds 
to ethyl cinnamate in dry carbon tetrachloride at a rate too slow to be measured, but with a 
small amount of added iodine the change goes rapidly to completion. At the end of the reaction 
the original amount of iodine is left, as is indicated by tintometric observation or titration of the 


Fig. 1. Fig. 2. 



T/me, m/ns Time, mins. 

Ethyl cinnamate-chlorine, with Ij, m/1000. Ethyl oinnamate-chlorine, both m/20, with Ig. 


residual iodine. The kinetics of the reaction can be conveniently studied by rate determinations 
(a) with reactants, A 4" Clg, constant, and different amounts of iodine, or (&) with iodine constant 
and var 3 ring initial concentrations of A -f- Clg. The results of these experiments are shown in 
Figs. 1 and 2, the measurements being made in dry carbon tetrachloride under nitrogen at 24°. 

The average orders, = 10 to .a? = 50, for A -f- Clg (Fig. 1) are : m/10 — m/20, w = 2*0; 
m/20 — m/40, n = 2*0; m/40 — m/80, n == 2*0. The reaction is thus bimolecular with respect to 
A + CI 2 , and the constancy of the bimolecular coefficients during the separate runs indicates the 
absence of autocatalytic disturbances. This is shown by a typical measurement, in carbon 
tetrachloride at 24° : 

10 20 30 40 50 

^2 (reactants m/20, I 2 m/1000) 2T 2T 2*1 2*2 2-2 

The average values of with different amounts of added iodine (Fig. 2) are : m/2000 — 
m/1000, 2*0; m/1000 — m/500, 2*0; m/500 — m/250, 2*4. On further addition of iodine the 
initial rates become too rapid for accurate measurements, but reach a maximum when the 
iodine chloride concentration is approximately equal to that of the chlorine, and then diminish. 

The iodine is present almost entirely as chloride, and when its amount is small it does not 
appreciably alter the chlorine concentration, so these measurements are in accord with the rate 
expression 


- d[ClJ/d/ = /f[A][Cl2][ICl] 
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The increase in order with respect to iodine, when its amount becomes more considerable, 

will be discussed later. i 

The reaction between ethyl cinnamate and bromine in carbon tetrachloride (in m^ogen at 
24°) was found to be not accurately reproducible under the conditions of the experiments, a 
result possibly due to the sensitiveness of this reaction to oxygen (cf. Bauer and Daniels, /. 
Amer, Chem. Soc., 1934, 56, 378). Added iodine caused a very considerable acceleration of the 
rate, and the measurements, now found to be reproducible, were made by varying separately 
A -f- Brg, and I 2 (l^i^s. 3 and 4). 

The difference in appearance between Figs. 1 and 3 is due to the fact that bromination is a 
higher-order reaction than chlorination. The average orders, at = 20 to ^ 60 , for A -f Br,, 

are : m/5— m/10, n = 2 * 9 ; m/10— m/20, m « 2 * 9 ; m/20— m/40, n = 3 * 0 . Special experiments, 


Fig. 3. Fig. 4. 



Timef mi ns. Time, mins. 

Ethyl cinnamate-bromine, with Ig, m/250. Ethyl cinnamate-^bromine, both m/10, with Ig. 


A being varied and Brj kept constant, showed that the reaction was first order for A and second 
order for Brg. Correspondingly, the bimolecular coefficients fall as the reaction proceeds : 

10 20 30 40 60 60 

^2 (reactants m/ 10, I 2 m/500) 0T6 O-lSo 0*16 0*146 0*135 0*126 

The effect of varying the amount of added iodine is shown in Fig. 4, the average tijt^ ratios 
being: m/1000 — m/600, 1*9; m/600 — m/260, w = 1*95; m/250 — ^m/126, 2*7. As for the 
iodine-catalysed additions of chlorine, the order with respect to iodine is constant for low 
concentrations of added iodine, and subsequently increases. Iodine with bromine in carbon 
tetrachloride solution is almost entirely present as IBr, so these results correspond, for small 
amounts of iodine bromide, with the rate expression 

- dCBrJ/d^ « ^[A][Br2]«[IBr] 

In polar aprotic solvents such as chloroform and o-dichlorobenzene, addition of bromine 
shows third-order kinetics (/., 1946, 609). Added iodine in these solvents causes a relatively 
smaller catalysis than in carbon tetrachloride, and for small amounts of iodine the rate is given 
by the expression 

- d[Br2]/d/ -= ^[A][Br2][IBr] 

The iodine-catalysed addition of bromine to allyl benzoate in carbon tetrachloride has also 
been examined, with reactants m/10 and m/20, and iodine m/600 and m/IOOO. The average 
orders obtained were A -f Br^, n = 2*8; IBr, « « 1*3, so for this compound also the catalyst 
reaction can be regarded as a fourth-order reaction with one or more molecules of bromine 
replaced by iodine bromide. With greater amounts of added catalyst, the order for iodine 
bromide increases, but the reaction becomes too rapid for accurate measurement. 

The addition of halogen to ethylenic compounds is a two-stage process, and to explain the 
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trans•^^^Ai^on with inversion that takes place, Roberts and Kimball (/. Amen Chem, Soc.t 
1987, 59, 947) have proposed the mechanism 


Nc/" 


+ N - 


a/ \b 

a/ \t 




av yO 


Br 


The discovery that addition of bromine may take place by a termolecular mechanism (J„ 
1937, 335) was not inconsistent with this mode of formulation, as the result could be explained 

by the reaction proceeding : A + Brj — A, ABr+ + Brj" — ^ ABrBr + Br^ (/., 

1943, 276). There are, however, certain formalistic difficulties in connection with Roberts and 
Kimball’s theory. The Br*" released in the first stage must move to the reverse side of the 
positive ion to complete the process, and the model of the transition state reveals a condition of 
considerable strain. An alternative mechanism is now proposed, according to which the initial 
addition compound forms a four-atom ring (in which the strain is less than in a three-atom 
ring) and the change is completed by a second molecule of bromine : 

II I ! 1 

Br Br— Br — 

a/ a/ ^b 

Br, 

A,Br2 — ^ transition state — -> product 

The formation of A,Br 2 is due to the electrophilic attack by Br 2 on A, and AJirg is represented 
by one of its possible resonance structures. The dotted lines in the diagram of the transition 
state indicate bond lengths intermediate between covalent and ionic bonds, as suggested by 
Dostrovsky, Hughes, and Ingold (/., 1946, 173), and the arrows show the direction of the 
movement of the bromine atoms. The model thus constructed fulfils the requisite conditions 
for minimum strain, the bonds C”€, C“a, and C~b all being in one plane, and the direction 
Br-C“Br ^t right angles to this plane. The criticism may be made, however, that with such a 
mechanisjn there should be a possibility of cis-addition also, and in fact this is actually found, 
more extensively indeed than suggested in general in writings on this subject. For instance, 
Liebermdnn and Finkenbeiner (Ber., 1896, 27, 2235) have shown that addition of chlorine to 
cinnamic acid in the dark in carbon tetrachloride takes place almost entirely by the 
cz5-mechanism, whereas in the light the high m. p. isomer formed by ^mw5-addition is obtained. 
No reference was made to the drying of the solvent, so the reaction appears to have been 
catalysed by water. In the corresponding addition of bromine to cinnamic acid in the same 
solvent, in the dark there is 37% ci^-addition, which becomes reduced to 13% when the reaction 
takes place in light (Michael, Ber., 1901, 34, 3663). When steric hindrance to addition becomes 
considerable, e.g., in u-nitrostilbene, addition of bromine may take place preferentially by the 
C 2 s-mechanism (Peiffer, Ber., 1915, 48, 1051). 

With a small amount of added iodine we find that addition of chlorine to cinnamic acid, in 
the dark, takes place with the formation chiefly of the /fa«5-addition product. These 
observations suggest the following modes of reaction mechanism for addition of chlorine to 
ethyl cinnamate : (I), no iodine, cis; (II), a small amount of iodine, trans; (III), a larger 
amount of iodine, trans, the iodine trichloride being represented by one of its possible resonance 
structures. 

i-ci Y 5! i-ci 'Y 

(I.) (ii.) (in.) 

With the higher-order addition of bromine to ethyl cinnamate the process becomes more 
complicated, one or two molecules of bromine being replaced in the catalysed reactions by 
iodine bromide. This is illustrated by the following representations : (IV), fourth-order 
addition of bromine; (V), the same reaction catalysed by a small amount of iodine; and (VI), 
catalysed by a larger amount of iodine. 

I-Br^|[>Br-Br I-Br^f[>I-Br 

(IV.) (V.) (VI.) 
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it was proposed (de la Mare, Scott, and Robertson, 1945, 509) that the high-order 
bromine additions in the non-polar solvent carbon tetrachloride might be explained by a chain 
mechanism involving activated molecules, and it was considered that the iodine-catalysed 
reactions might have diagnostic value. Actually, it is difficult to devise a suitable chain 
mechanism involving iodine bromide molecules, and the kind of formulation suggested in the 
present communication appears on the whole a more likely mode of representation than a chain 
reaction for catalysed as well as uncatalysed bromine addition. 

Experimental. 

The materials and method were as previously described (/., 1945, 511) except that chloramine-T 
was used instead of iodine in the back titration. Herewith the details of one of the measurements : 


Ethyl cinnamate, m/20 + Clj, m/20 4* l2» m/500 in CCI4, at 24°. 


Time (mins.) 0*88 1*80 2-73 4-80 9-80 12-20 

Titre 1*55 1-98 2-34 2-77 3-36 3-61 

Back titre 0-84 0-85 0-86 0-88 0-94 0-96 

CI2 absorption, % 19 30 38 50 66 71 


Our thanks are due to Mr. B. B. Marsh for the measurements in chloroform solution. 

Victoria University College, Wellington, N.Z. [Received, November 215/, 1946.] 


219 . Potassium Fluoaluminates. 

By F. A. Paine and J. Peakson, 

The chemical composition of potassium cryolite, the synthetic analogue of the naturally- 
occurring (sodium) cryolite, does not correspond to the theoretical KgAlFf,, and certain 
manufactured batches have been found to be abnormally acid. Preliminaiy experiments 
had indicated that the salt was not stable in water ; it wafe therefore desirable that the chemistry 
of the double fluorides of potassium and aluminium should be studied more fully, and the effect 
of water on potassium cryolite elucidated. Under normal conditions of manufacture, from 
aluminium and potassium fluorides or potassium hydroxide and “ hexafluoaluminic acid ** in 
aqueous solution, it is impossible to prepare a stable material corresponding to the true 
potassium hexafluoaluminate. A well-defined pentafluoaluminate, KgAlFg, has been shown 
to exist, and evidence has been obtained for the existence also of a tetrafluoaluminate, KAIF4. 
When it is expected that the hexafluoaluminate would be formed, there usually results a 
material in which the molecular ratio of potassium fluoride to aluminium fluoride is slightly 
less than 3:1. This is in agreement with some recently published work. The effect of water 
upon potassium cryolite has been shown to be, first, dissociation of the double salt into 
potassium fluoride and potassium pentafluoaluminate, followed by solution of the latter if the 
concentration of potassium fluoride in the aqueou.s phase is less than 0-16%. The concentration 
of potassium fluoride necessary to inhibit dissociation of potassium cryolite is of the order of 
0*56%. The high acidities associated with some batches are to be attributed to the presence of 
an acid salt and not to hydrolytic effects. 

During the examination of commercially prepared samples of potassium cryolite, nominally 
KjAlFe, it was found that the potassium contents were much lower, and the aluminium contents 
much higher, than those calculated. In view of this discrepancy, a review was made of the 
possible methods of analysing such a substance, and many of them were tried with a view to 
ascertain whether the unexpected values were the result of unsuitable procedures. Since 
considerable significance has been attached to the results finally obtained, this review is given 
in an appendix. Table I gives the results of the examination of t 3 ^ical batches, in which 
allowance has been made for moisture and traces of sodium present, in comparison with the 


Table I. 


Sample 1. 2. 3. 4. 6. 6. Calc., %. 

Potassium 43-5 43*6 44-0 44-2 44-6 44-3 45*4 

Aluminium IM 11-3 11-3 11-3 11-4 IM 10*6 

Fluorine 45-4 45- 1 44-7 44-5 44*1 44-6 44-1 


expected proportions. From the figures it will be seen that the molecular ratio of potassium 
fluoride to aluminium fluoride is less than the 3 : 1 expected. 

A review of the literature (Mellor, ** Inorganic and Theoretical Chemistry ", Vol. V, pp. 
306, 307 ; Gmelin, Handbuch der Anorganische Chemie ", Vol. 35, p, 450) shows that until 
recently potassium penta- and hexa-fluoaluminates have been regarded as stable compounds. 
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slightly soluble in water, containing potassium and aluminium fluorides in the molecular ratios 
2 : 1 and 3:1, respectively. Apart from the relative proportions of water of crystallisation 
present in the salts, there had been no suggestion that any differences existed between the 
fluoaluminates prepared by melting together the components and those obtained by precipitation 
from aqueous solutions. During the course of the present investigation, a paper appeared 
{Brosset, Chem, Ahs,, 1943, 87, 13), demonstrating from crystallographic studies that while 
potassium penta-fluoaluminate is first formed on adding potassium fluoride to solutions 
containing aluminium and fluoride ions, the compound produced in the presence of excess of 
potassium fluoride is not KjAlF^ but i.e., potassium cryolite in which part of 

the potassium fluoride in the crystal lattice has been replaced by water. Brosset {loc, cit.) 
states that the only stable compounds obtainable by mixing aqueous solutions are K 2 AIF 6 
and K 2 . 8 AIF 5 . 8 . 

Experimental. 

In order to test the truth of Brosset ’s statement, potassium aluminium fluorides were prepared under 
carefully controlled conditions, and the resulting materials analysed by the methods detailed in the 
appendix. As a confirmation, conductometric titrations of aluminium fluoride with potassium fluoride 
in aqueous solution were conducted in the hope that these would reveal the existence of definite 
compound formation. These experiments are described below. Although the majority of samples of 
commcrical potassium cryolite examined were essentially neutral in reaction, some w^ere found to be 
abnormally acid, in that their suspensions in water required considerable additions (up to 60 mg. of 
potassium hydroxide per g. of solid) to render them neutral. The cause of this acidity has also been 
in ve.sti gated. It had been anticipated, by analogy with sodium cryolite, that the solubility of 
potassium cryolite would be very loW; reference may be found (Mellor, op, cit.) to figures quoted as 
solubilities of potassium cryolite, and as nothing is said to the contrary, it must be assumed that these 
refer to what were believed to be true solutions of the cryolite. It was found, however, that in certain 
circumstances, up to 22% by weight of potassium cryolite could be extracted by water, and qualitative 
and quantitative tests have indicated that this extractable material is potassium fluoride. In fact, an 
instance was brought to the authors’ notice, in which the high solubility of potassium cryolite was 
explained on the assumption that the material consisted, not of the double salt, but of a mechanical 
mixture of the two components, from which water dissolved the more soluble potassium fluoride. In 
view of the fact that potassium cryolite is normally prepared from aqueous solution, it was decided to 
investigate fully the action of water on the compound. The results are reported later. 

Except in the analytical procedures, it was found necessary to use paraffin -waxed glass or platinum 
vessels, since many of the reagents employed dissolved glass, etc., to an inconvenient extent. 

Preparation of Potassium Fluoaluminates. — (i) From potassium aluminate and hydrofluoric acid. 
Solutions were prepared of potassium aluminate in potassium hydroxide in which the molar ratios of 
potassium to aluminium were 3 : 1 and 2:1. To avoid the presence of other anions, the solutions were 
made by dissolving weighed amounts of pure aluminium foil in standardised potassium hydroxide. 
These solutions were titrated with hydrofluoric acid, and the end-points determined potentiometrically 
with a calomel-antimony electrode combination. As would be expected, the end-points corresponded 
with the production of K3AIF9 and K3AIF5, since the potential of the antimony-antimony oxide 
electrode was influenced only by the hydrogen-ion concentration of the systems. The precipitated 
solid phases were filtered off, washed with the minimum of cold water, dried, and analysed. The 
constitutions corresponded to the empirical formulae Kj.pAlFg-e and Kj.^AlFg.^, respectively. This 
indicates that although KgAlFg and KgAlFg may have been formed initially, the hexafluoaluminate 
after brief washing had lost potassium fluoride, whilst the pentafluoaluminate had absorbed, from the 
finally acid solution, some hydrofluoric acid which had not been removed by washing and drying, 

A solution of potassium aluminate (K ; A1 = 3 : 1) was neutralised with hydrofluoric acid, the 
potential of the antimony electrode then having a value corresponding to the middle of the potential- 
volume curve found in the first titration. This potential corresponded very closely with the change-point 
of methyl-red indicator. Similarly, hydrofluoric acid was neutralised with potassium aluminate. 
Finally, the aluminate was slightly over-neutralised with the acid. The solid phases produced in each 
case were filtered off, washed briefly, and dried. 1 G. of each was stirred with 100 ml. of cold water and 
titrated with n / 20-potassium hydroxide solution, the end-points being determined potentiometrically. 
The acidities of the samples were found to correspond to 0*8, 2*7, and 66-8 mg. of potassium hydroxide 
per g., respectively. This indicates that in the presence of excess of hydrofluoric acid, potassium cryolite 
absorbs acid and does not readily part with it. This is probably due to the formation of a "small 
proportion of an acid salt. This acid salt may be considered to be formed by the replacement of part of 
the potassium fluoride in the crystal lattice by hydrofluoric acid, in the same manner as Brosset (loc. cit.) 
has suggested for the replacement of potassium fluoride by water. The acidities observed in some 
commercial batches of potassium cryolite are thus to be ascribed to the presence of an acid salt, produced 
by the addition of slight excess of hydrofluoric acid, and not to hydrolysis. It has been found that 
a solution of aluminium fluoride in water is not acid. 

(ii) From potassium hydroxide and hexafluoaluminic acid ”. Addition of potassium hydroxide to 
** hexafluoaluminic acid ” (a solution of aluminium fluoride or hydroxide in hydrofluoric acid in the 
correct proportions) and vice versa produced solids having properties, chemical and physical, identical 
with those of the products obtained above. 

Cmductomeiric Titrations of Potassium Fluoride and Aluminium Fluoride. — A saturated solution of 
aluminium fluoride in water was titrated with aqueous potassium fluoride and the conductivity of the 
aqueous phase determined when equilibrium had been established after each addition of titrant. 
Cell-resistance (i.e., reciprocal of conductivity) was actually measured and plotted against volume of 

4q 



1174 


Paine and Pearson : Potassium Fluoaluminaies. 


potassium fluoride. The concentration of pot^ium fluoride was chosen so that the amount added 
made no significant change in the total volume, A typical curve obtained in this way is shown in Fig. 1. 
At the stage corresponding to 7*0 ml., precipitation of solid phase commenced, and the sudden rise in 
resistance at that point is to be attributed to iJie deposition of salt and not to the formation of a compound. 
The breaks at 0*3, 18*65, and 26*06 ml. correspond to the formation of KAIF4, K^IF,, and K2.8AIF5.8 
respectively. This is in agreement with Brosset's work. It is noteworthy that Kussian workers have 
examined synthetic and natural cryolite. Tananaev and Lelchak (Compt. tend. Acad, Sci. U.R.S.S,, 
1 943, XLI, 3, 144) report that the ratio NaF : AlFj for Greenland cryolite is in the range 2*7 — 2*8, They 



Conductomeiric titration of aluminium fluoride solution with potassium fluoride, 

suggest a formula, lor the natural and synthetic material, of llNaF,4AlF8, which corresponds to 
Na 2 . 75 AlF 6 . 75 . Yatlow (/. Gen, Chem, Russia, 1937, 7, 2439) states that sodium cryolite is formed as 
a result of a reaction between the tetrafluoaluminate, yielded initially by solutions of sodium fluoride 
and aluminium fluoride, and sodium fluoride. As the proportion of sodium fluoride is increased, the 
ratio of NaF to AIF 3 in the composition of the precipitate increases from 1 to 2*8. Yatlow has 
demonstrated the existence of sodium tetra- and penta-fluoaluminates, but states that attempts to 
synthesise cryolite from aqueous solutions yielded a material of the composition 2*7 — 2*8NaF,AlF8. 
The analogy with potassium fluoaluminates is thus complete. 


Fig. 2. 



Conductometric titration of potash alum solution with 
potassium fluoride. 


Fig. 3. 



Conductivity of potassium fluoride 
solutions as influenced by addi- 
tion of potassium cryolite. 


No evidence was found for the formation of tiie hexafluoaluminate when an aqueous solution of 
potash alum was titrated with potassium fluoride (see Fig. 2) , the only significant break in the curve, at 
23*2 ml., corresponding to formation of potassium pentafluoaluminate. After the addition of 18 ml. of 
potassium fluoride solution, solid commenced to separate; the subsequent rise in resistance is to be 
attributed to this fact. This observ^ation is not in accord ■vrith that of Berzelius (Pogg. Ann., 1824, 1 , 
43) that potassium cryolite is formed from potash alum in the presence of excess of potassium fluoride. 
This point requires further examination, but it is of interest that a commercially prepared material, 
reputed to be potassium cryolite and made from potash alum and potassium fluoride, was found to 
consist of the hydrated pentafluoaluminate, KgAlFj.HjO. 
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The Effect of Water on Potassium Fluoaluminates. — A suspension of potassium cryolite (5 g. in 87-5 
ml. of distilled water) was kept at 36® and stirred continuously, with precautions against loss by 
evaporation. At hourly intervals portions of the suspension were withdrawn, the solid phase removed, 
and the solution analysed. In every instance the only compound in solution was potassium fluoride. 
Its concentration increased gradually with time, until after about 6 hours it had become constant. At 
this stage there was present in every 10 ml. of solution 0-063 g. of potassium fluoride, i.e., a 0-63% 
solution of potassium fluoride inhibited further dissociation of tho hexafluoaluminatc to 
pentafluoalummate and fluoride. 

The conductivities of solutions of potassium fluoride of various concentrations were determined. 
To fixed volumes of these solutions was added a standard weight of potassium cryolite (two typical 
commercial materials, Kg.y^j.gAlFg.y^B-s ^^re used). The liquid w-as stirred until no further change iii 
conductivity occurred. The initial and final conductivities (as resistance of a nominal volume of solution) 
were plotted against the concentration of the original solutions. The curves for the two samples were 
identical and are shown in Fig. 3, It will be seen that the two branches of the graph merge at a 
concentration of 0*65 to 0*60%. Since at concentrations below 0-56% the conductivity of a potassium 
fluoride solution was increased by the addition of potassium cryolite, it follows that dissociation of the 
cryolite had occurred. At concentrations of 0*60% and above, no alteration in conductivity was 
observed ; no dissociation of the cryolite had taken place. Tliis value for the inhibiting concentration 
is in good agreement with that found by analysing aqueous extracts; the conductivity measurements 
were carried out at 20® as against 35° used in the extraction method. 

The above-mentioned samples of potassium cryolite and a sample of anhydrous potassium 
pentafluoaluminate were used to study further the effect of water. 5 G. of each were suspended in 600 
ml. of distilled water and shaken at room temperature until equilibrium was reached. The solid 
residues were removed and dried. The clear solutions and portions of the solids were analysed. 3 G. 
of the remaining solids were each suspended in 300 ml. of water and treated as above. The first 
extraction with water removed from each of the cryolites approximately 22% of potassium fluoride and 
left a residue with a composition approximating to KgAlFg. The first aqueous extraction of the 
potassium pentafluoaluminate removed only 13*3%, and this was found to be of a composition identical 
with that of the starting material and of the solid residue. The second extraction removed from each 
sample 13-2% of pentafluoaluminate, leaving a solid of the same composition. It will thus be seen that 
the action of water on potassium cryolite is to dissociate and dissolve away potassium fluoride and then 
to take into solution the pentafluoaluminate. Experiments conducted with solutions of various 
concentrations of potassium fluoride showed that the concentration required to prevent the solution of 
the pentafluoaluminate is about 0‘15%, i.e., slightly less than the 0*22% resulting from the first 
water-extraction of the cryolite samples. 

Appendix. 

Analysis of Potassium Fluoaluminates. — (i) Potassium. Any metliod w*hich involves preliminary 
separation of aluminium with ammonia or ammonium salts, etc., is liable to give low results owing to 
losses by adsorption on the precipitated alumina, by spitting during evaporation of solutions to dryness, 
and by decrepitation during heating to exi)el ammonium salts. Estimation as perchlorate, without 
separation of aluminium, avoids these losses, and has been found to give results in general higher than 
those obtained when potassium is estimated as sulphate, a method subject to the above-mentioned 
disadvantages. Some comparative figures are : 

Sample (a) (6) (6) (d) (e) (/) 

K, % (determined as KaSO*) 42*9 42*5 43-2 43-5 43*6 43-9 

K, % ( ,, KClOj 43*4 43*8 43-9 43-8 43*6 44-1 

(ii) Aluminium. Time is saved if aluminium is determined in the solution as used for the potassium 
estimation. This can be accomplished by precipitation with 8-hydroxyquinoline. Results are identical 
with those obtained when the aluminium is estimated as alumina ; the use of oxine is to be preferred 
since the aluminium content of the “ oxinate is much smaller than that of alumina, and accidental 
impurities in the precipitate are of less importance. 

(iii) Fluorine. Various modifications of the method involving titration with thorium nitrate have 
been examined. All sufler from the drawback that the end-point of the titration, using sodium 
alizarinsulphonate as indicator, may be uncertain and difficult to assess, though in the hands of an 
experienced operator accurate results are obtainable. The estimation as lead chlorofluoride is simpler ; 
the distillation is easy to control, the weight of the sample taken is fairly large, and the estimation may 
be finished gravimetrically or volumetricaUy as desired, identical results being obtained by cither method. 
Volumetric estimation was not employed in view of the consumption of silver nitrate. It should be 
noted that preliminary melting of the material with fusion mixture, as recommended by certain authorities, 
is not only unnecessary, but leads, in fact, to low results, as shown by the following figures : 

F, % with fusion 44-6 44-0 44-3 

F, % without fusion 45-2 44-6 44-3 

It was found that fusion of potassium cryolite alone at temperatures above 900® leads to loss in weight, 
and also that sodium fluoride is volatile on heating. 

(iv) Sodium. When it is desired to determine sodium content, it is necessary to decompose the 
cryolite with sulphuric acid, remove the aluminium, and use zinc uranyl acetate as precipitant. 

The authors wish to thank the Chief Scientific OflBlcer, Ministry of Supply, for permission to publish 
this paper. 

Armament Research Department, Ministry of Supply. 
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220. Unsatiirated Lactones. Some Esters of Aconic and 

Coumalic Acids. 

By N. R. Campbell and J. H. Hunt. 

Aconic acid has been synthesised by a new method, which affords positive evidence for its 
acceptance as a j3-substituted a^-butenolide. The older method of preparation has ^ been 
developed, and a series of esters of aconic and coumalic acids prepared. The results of simple 
toxicity tests on the acids and their esters are given. 

Among the simpler unsaturated lactones examined by Chen, Elderfield, Steldt, and Fried (/. 
Pharmacol, 1942, 74, 381) for cardioactivity, the methyl and ethyl esters of coumalic acid were 

noteworthy for some positive result. It was 
considered desirable to extend this series of 
esters and to compare them biologically with 
a similar, related, series of esters of aconic 
acid. 

The structure of coumalic acid is well 
established and probably beyond doubt, but 
there has been no positive evidence in sup- 
port of the normally accepted py-position 
of the double bond in aconic acid. The 
structure of this acid was given by Fittig 
and Beer [Annalen, 1883, 216, 92) as P- 
carboxybutenolide, but they were unable 
to allocate an exact position to the double 
bond. We have now prepared the ap-acid 
by a method which does not involve con- 
ditions likely to cause migration, and have 
identified it with aconic acid prepared by 
the usual method from itaconic acid. 

This new method of preparation in- 
volved bromination of the methyl group 
of diethyl mesaconate (diethyl methylfumar- 
ate) by means of iST-bromosuccinimide, 
replacement of the bromine by an acetoxy- 
group under mild conditions, hydrolysis 
with barium hydroxide, and cyclisation by 
warming with water. 

90, H 

^0/ 

This evidence of structure brings aconic acid into line with the series of substituted 
butenolides which includes the aglycones of the digitalis and strophanthus groups of 
heart-poisons. The latter were also considered to be Py-butenolides before the work of 
Elderfield, Paist, Blout, and Uhle (/. Org, Chem., 1941, 6, 273) who produced evidence suggesting 
the present accepted a[i-structure. 

We have examined the ultra-violet absorption of aconic acid and compared the results with 
those obtained by Bielecki and Henri [Ber., 1913, 46, 2602) on mesaconic and itaconic acids, 
which are open-chain analogues of the two possible structures for aconic’ acid ; we find that the 
absorption of aconic acid corresponds more closely to that of the fully conjugated isomer, thereby 
supplying further evidence for the ap-disposition of the double bond in aconic acid (see Fig.). 

The preparation of aconic acid from itaconic acid was also studied. Itaconic acid was 
prepared by pyrolysis of citric acid [Org, Synth., 1943, Coll, Vol. 2, 3 68) ; the isolation of acetone 
as a by-product together with approximately the theoretical volume of carbon monoxide 
indicated that acetonedicarboxylic acid was among the primary products of pyrolysis. Itaconic 
acid was brominated and the resulting “ itadibromop37TO-tartaric acid (not isolated) converted 
into sodium aconate by a modification of the method used by Meilly [Annalen, 1874, 171, 153), 
giving a greatly improved yield. 


COjEt 
CHo COj 


,Et 


:0,Et 
==CH 
:HaBr COaEt 
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Esters of coumalic acid have been prepared by von Pechmann {Annalen, 1891, 264, 279), 
Ruzicka {Helv, Chim, Acta, 1921, 4, 504), and Caldwell, Tyson, and Lauer (/. Amer. Chem, Soc., 
1944, 66, 1483). The method employed has generally involved treatment of a sulphuric acid 
solution of coumalic acid with the required alcohol, the coumalic acid being frequently prepared 
in situ from malic acid. We have employed both versions of this method and have also used 
much smaller (catalytic) quantities of sulphuric acid with azeotropic removal of water. 
Replacement of sulphuric acid by hydrogen chloride was not successful. We have compared 
the yields of one ester by the four methods ; the first gave a considerably higher yield than the 
others. 

The methyl and ethyl esters of aconic acid have been described by Meilly {loc, cit.), Reiter 
and Bender {Annalen, 1906, 389, 316), and Wislicenus, Boklen, and Reuthe (ibid., 1908, 363, 
353). The most suitable method for preparation of aconic esters is by reaction of silver aconate 
with the appropriate alkyl halide, usually at elevated temperature. With the exception of the 
«-butyl ester, the aconates prepared have all been obtained as crystalline solids ; the isopropyl 
ester has been obtained in liquid and solid forms, both with satisfactory analyses. Ethyl 
aconate was described by Wislicenus (loc. cit.) as a liquid ; under identical conditions we obtained 
a crystalline product. 

While Rast’s method gave satisfactory results for the molecular weights of all coumalates 
prepared, the aconates showed values ranging from theoretical to three times theoretical. We 
have, been unable to explain this, or to correlate these anomalous results with the existence of 
solid and liquid forms. 

Biological Investigation. — As a result of solubility difficulties in testing of these and other 
compounds by the usual assay method for digitalis, we adopted a simple toxicity test, the 
assumption being made that high cardioactivity might be accompanied by high toxicity. The 
substances were dissolved or suspended in arachis oil and administered subcutaneously to mice ; 
median lethal doses (L.D./50) were calculated from the number of deaths after four days. 

Toxicities in the coumalate series appear to decrease with increasing length of the alkyl 
chain, rather than with increasing molecular weight ; the level of toxicity in the aconate series 
was so low that massive doses would be required for any variations to become apparent. It 
seems improbable that notable toxicity or cardioactivity will be found among simple esters of 
either of these acids. 


L.r)./ 50 . 

Coumalic acid 0-8 mg./g. 

Methyl coumalate 0-3 mg./g. 

Ethyl coumalate 0-33 mg.g/. 

n-Propyl coumalate 0-55 mg./g. 

isopropyl coumalate 0-4 mg./g. 


Aconic acid, methyl aconate, ethyl aconate, 
isobiityl aconate, benzyl aconate, and cyciohexyl acc 


L.D./60. 

n-Butyl coumalate >1 mg./g. 

i^oButyl coumalate 0*6 mg./g. 

Benzyl coumalate >1 mg./g. 

cycloHexyl coumalate 0*55 mg./g. 


, -propyl aconate, isopropyl aconate, n-hutyl aconate, 
ate, all showed L.D./50 > 1 mg./g. 


Experimental. 

Sodium Aconate. — Itaconic acid (260 g.) was stirred to a paste with water (340 c.c.), and bromine 
(320 g.) slowly added, the temperature not being allowed to rise above 60°. When all but a trace of 
bromine had disappeared, the solution was neutralised with sodium hydrogen carbonate (336 g.). The 
mixture was then heated to 50° on the water-bath and treated with a suspension of sodium carbonate 
(106 g., anhydrous) in water (158 c.c.) at 50°, added in small portions until the .solution remained neutral 
to bromothymol-blue. The mixture was cooled and allowed to remain at 0° for 1 hour. The crystalline 
sodium salt was filtered off, washed with iced water and with 95% alcohol, and dried in a vacuum at 
110°. Yield of anhydrous sodium aconate, 179 g. (59%). 

Silver Aconate. — Sodium aconate (100 g.) was stirred with water (80 c.c.) and heated to 40°. Silver 
nitrate (112-6 g.) dissolved in warm water (40 c.c.) was added, the mixture cooled to 0°, and the crystalline 
precipitate filtered off, washed with iced water and methanol, and dried in a vacuum desiccator. Yield, 
147 g. (U%). 

Aconic Acid. — Anhydrous sodium aconate (10 g.) was suspended in dry ether (30 c.c.). Dry 
hydrogen chloride was then passed in with stirring, until a gain in weight of 3-0 g. was obtained. The 
mixture was left overnight, the solid (11-5 g.) filtered off and extracted with ether in a continuous 
extractor. Removal of solvent left 7-6 g. of aconic acid, m.p. 162°. A further 0-7 g. of impure aconic 
acid, m. p. 166°, was obtained by evaporation of the original mother liquor. Total yield. 97 %. 

Ethyl Aconate (cf. Wislicenus, loc. cit.). — Silver aconate (30 g.) and ethyl iodide (15 c.c.) were heated 
in a sealed tube at 100° for 4 hours. The contents of the tube were extracted with ether, the extract 
washed with sodium hydrogen carbonate solution and water and dried (MgSQ^) , and the solvent removed. 
The residue (15*5 g.) was distilled at reduced pressure, 8-95 g. of partly crystalline material (b. p. 132°/15 
mm.) being collected. The crystals were separated and rccrystallised from methanol at — 10°. Yield, 
3-3 g.; m. p. 64° (Found : C. 53-87; H, 5-31; 478. Calc, for : C, 53-51; H, 5-13%; M, 

157). 
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n-Propyl Aconate . — Silver aconate (20 g.) was refluxed for hours with «-propyl bromide (20 c.c.), 
excess of bromide then distilled off, and the residue diluted with ether and filtered. The brown oil (10* 1 
g.) remaining after removal of the ether was distilled, yielding 4*4 g. of partly crystalline material (b. p. 

80 88®/0*l mm.) which was dried on a porous tile. The ester, recrystallised from hcnztne-cyclo- 

hexane, had m. p. 34'^ (Found: C, 66*2; H, 6-04; M, 286. C8Hio04 requires C, 56*5; H, 6-92%; 
M, 170). 

isoPropyl Aconate. — (a) Silver aconate (14 g.) and isopropyl bromide (10 c.c.) were heated in a sealed 
tube at 100^^ for 3 hours. The contents of the tube were extracted with ether and the ether and excess 
of isopropyl bromide removed by distillation, leaving a brown oil (5 g.). Distillation of this yielded the 
ester L a colourless oil (1*7 g.). b. p. TO—TP/O-l mm., 1*460 (Found : C, 56*4; H, 6*68; M, 213. 
CgHio04 requires C, 56*5; H, 6-92%; M, 170). 

(^y) isopropyl iodide (14 c.c.) was added slowly to silver aconate (28 g.) and benzene (30 c.c.). On 
gently heating the mixture a violent reaction commenced, necessitating cooling. The mixture was then 
refluxed for 1^ hours and cooled. The insoluble material was filtered off, washed with benzene, and 
extracted with ether in a continuous extractor. The ethereal extract yielded aconic acid (4*0 g.). The 
benzene solution was washed with sodium hydrogen carbonate solution, then with water, and dried 
(MgSO^). Kemoval of the benzene gave a brown oil (9*48 g.), which on distillation gave two fractions : 
(i) b. p. 88 — 92''/0*2 mm., (ii) b. p. 100 — 120°/0*1 mm. Fraction (ii) which was partly crystalline was 
dried on a porous tile and recrystallised from light petroleum (b. p. 40 — 60®) ; m. p. 80® (Found ; C, 
66*3; H, 5-81% : M, 172). 

xi-Uuiyl Aconate. — Silver aconate (12*7 g.) was heated with «-butyl iodide (8 c.c.) and benzene (20 
c.c.) in a sealed tube at 100° for 1 hour. The product, treated as for w-propyl aconate, yielded the 
ester as a colourless oil (2*5 g.), b. p. 91°/0*1 mm., 1*471 {Found : C, 68*8; H, 6*66; M, 491. 
C,Hi /)4 require.s C, 68*7; H, 6*67%; M, 184). 

isoButyl Aconate. — Silver aconate (25*4 g.) was refluxed for IJ hours with fsobutyl bromide (14 c.c.) 
and benzene (30 c.c.). The mixture was diluted with ether, filtered, and the filtrate washed with 
sodium hydrogen carbonate. solution, then with water, and dried (JVlgS04). After removal of the ether 
the crude oily product (9*8 g.) was distilled under reduced pressure. The fraction, b. p. 86 — 88®/0*l mm., 
partly crystallised and was dried on a porous plate. The solid ester was recrystallised from light 
petroleum (b. p. 60 — 80°) ; m. p. 114° (Found : C, 68*7 ; H, 6*58; M, 200. C9Hia04 requires C, 68*7 ; 
H, 6*67%; M. 184). 

Benzyl Aconate. — Silver aconate (11*6 g.) was refluxed for 1 hour with benzene (20 c.c.) and benzyl 
chloride (8*4 c.c.). The filtered benzene solution was washed with sodium hydrogen carbonate solution, 
then with water, and dried (MgS04). After removal of the benzene the ester was distilled under reduced 
pressure, b. p. 140°/0*04 mm., and recrystallised from rydohexane. Yield, 1*1 g.; m. p. 69 — 60° 
(Found : C. 66*03; H, 4*66; M, 384. C12H10O4 requires C, 66*04; H, 4*62%; M, 218). 

cycloHexyl Aconate. — Aconic acid (6*26 g.) was dissolved in cold concentrated sulphuric acid (XO 
c.c.), the solution cooled to 0°, and cyc/ohexanol (16*8 c.c.) added. The mixture was allowed to warm to 
18°, left for 20 hours, then poured on cruslied ice and extracted with ether. After being washed, dried, 
and freed from solvent, the ester was crystallised from pentane (3*4 g.) and recrystallised from light 
petroleum (b. p. 60 — 80®) ; m. p. 68° (B'ound : C, 62*88; H, 6*72 ; M, 296. C11H14O4 requires C, 62*84; 
H, 6*71%: Af, 210). 

isoPropyl Comnalate. — Malic acid (60 g.) was added slowly with stirring to fuming sulphuric acid 
(160 g.) containing 10% of sulphur trioxide, and the mixture heated on the water-bath until evolution 
of gas ceased. The mixture was then cooled and isopropyl alcohol (165 c.c.) added. After being heated 
on the water-bath for 1 hour under reflux, the mixture was cooled, poured on ice (200 g.), partly neutralised 
with sodium carbonate, left overnight, and filtered. The filtrate was extracted with ether, and the 
extract washed, dried and freed from solvent. The residual oil was distilled under reduced pressure. 
The fraction, b. p. 102 — 110°/0*1 mm., deposited crystals of the ester which were twice crystallised from 
light petroleum (b. p. 40—60®). Yield, 6 g. ; m. p. 44° (Found : C. 69*4; H. 5*36; M, 171. C,Hio04 
requires C, 69*3; H, 5*41%; M, 182). 

n- Butyl Coumalaie . — Malic acid (100 g.), fuming sulphuric acid (300 g.), and w-butyl alcohol (200 
c.c.) were brought into reaction by the method employed for isopropyl coumalate. After distillation 
of tlie crude reaction mixture, the fraction, b. p. 120 — 124°/0T mm., solidified on standing. The ester 
was twice recrystallised from light petroleum (b. p. 40 — 60°). Yield, 10 g. ; m, p. 41° (Found : C, 
61*4; H, 6*14; M, 191. CioH„04 requires C, 61*2 ; H, 616%; M, 196). 

n-Propyl Coumalate . — (a) Malic acid (100 g,), fuming sulphuric acid (300 g.), and w-propyl alcohol 
(176 g.) were brought into reaction by the method employed for isopropyl coumalate. Yield of pure 
ester, 14 g. (20%). 

(6) Coumalic acid (6*8 g.) was dissolved in concentrated sulphuric acid (13 g.) and cooled to room 
temperature, «- Propyl alcohol (13 g.) was added, and the mixture heated with occasional shaking, 
on the water-bath, under reflux for 1 hour and poured into iced water (50 c.c.). The solid was filtered 
off, washed, and dried (6 g.)* The filtrate was extr^ted with ether and a “further quantity of solid 
obtained, which was added to that previously obtained and distilled under reduced pressure. The 
fraction, b. p. 96 — 100®/0*1 mm., was crystallised from light petroleum (b. p. 60 — 80°). Yield of ester, 

5 g* (57%) ; m. p. 69— 60® (Found : C, 69*8; H, 5*74; M, 188. C,H4o04 requires C, 59*3; H. 6*41%; 
M, 182). 

(c) Coumalic acid (6*8 g.) was covered with w-propyl alcohol (13 g.) and saturated with dry hydrogen 
chloride at 0°. The mixture was allowed to warm to room temperature, and next day was poured into 
water. No ester could be isolated ; unchanged coumalic acid (6 g.) was recovered. 

(d) A mixture of coumalic acid (6*8 g.), w-propyl alcohol (10*6 c.c.), toluene (10 c.c.), and concentrated 
sulphuric acid (2 drops) was distilled slowly, the distillate being dried (K,CO,) and returned. After 3 
hours toluene and excess of propyl alcohol were distilled off. Yield of ester, 3 g. (34%). 

isoButylCoumakUe , — Coumalic acid (7*1 g.), concentrated sulphuric acid (16 g.), and fsobutyl alcohol 
(17*6 c.c.) were brought into reaction by the method employed for w-propyl coumalate. The crude ester 
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was distilled and the fraction, b. p. 120 — 126®/0’1 mm., twice crystallised from light petroleum (b. p. 
40^60"). Yield. 6 g.; m. p. 62^ (Found: C, 61*1; H, 6-21; M, 199. CioHi 5,04 requires C, 61-2; 
H, 612%; M, 196). 

Benzyl Coumalate. — Silver coumalate (4* 6 g.) (von Pechmann, loc. cit.) was refluxed for 1 hour with 
benzyl chloride (5 c.c.) and benzene (15 c.c.). The filtered benzene solution was washed and dried. 
Removal of the benzene left an oil (2*7 g.), which was distilled under reduced pressure, b, p. 
140 — 160®/0-06 mm., and crystallised twice from ether. Yield of ester, 0*52 g. ; m. p. 92° (Found: C, 
67-9; H. 4*19; M, 238. requires C. 67-8; H, 4*35%; M. 230). 

oycloHexyl Coumalate. — Coumalic acid (12*6 g.) was dissolved in concentrated sulphuric acid (25 
c.c.) and the mixture cooled to 0°. cyc/oHexanol (45 c.c.) was added and the mixture allowed to warm to 
room temperature and left for 3 days. The mixture was worked up as under cycloh.Qx.Y\ aconate, yielding 
6*5 g. of crude crystalline ester which after further crystallisation (charcoal) from light petroleum (b. p. 
60—80°) had m. p. 70° (Found : C, 65*09; H, 6*46; M, 224. requires C, 64*8; H, 6*35%; 

Af, 222). 

Diethyl y’-Bromomesaconate. — [a) Diethyl mcsaconate (71 g.) was refluxed with 7V-bromosuccinimide 
(71 g.) and carbon tetrachloride (213 c.c.) for 30 hours. The mixture was cooled, filtered, freed from 
solvent, and diluted with light petroleum (b. p. 40 — 60°) (200 c.c.) which precipitated traces of succini- 
mide. After filtration and removal of solvent the ester was distilled, b. p. 91°/0*1 mm. Yield, 52 g. 
(Found: C, 39*8; H. 6*07: Br. 33*6. C 9 Hi 304 Br requires C, 40*77 ; H. 4*94; Br, 30*14%). 

(5) Diethyl mesaconate (48*5 g.) was heated under reflux with A’-bromosuccinimide (31 g.), carbon 
tetrachloride (50 c.c.), and benzoyl peroxide (2*4 g.) for 1 hour. The mixture was filtered and the 
filtrate washed and dried. After removal of solvent the residue (60*0 g.) was distilled; unchanged 
diethyl mesaconate (18*2 g., b. p. GO — 66°/0*16 mm.) was followed by the main fraction, b. p. 94 — 98°/0*16 
mm. (31*3 g.), which was redistilled; b. p. 72°/0*10 mm., wff 1*485 (Found : C, 40*71; H, 5*04; Br, 
31*3%). Repeated distillation of the ester failed to give a product with a correct bromine analysis. 

Aconic Acid. — Diethyl y-bromomesaconate (10 g.) was heated for 1 hour on the water-bath, under 
reflux, with potassium acetate (5 g. fused) in absolute alcohol (50 c.c.). The mixture was cooled and 
filtered, most of the alcohol distilled off, and the residue taken up in benzene. The resulting oil was 
distilled, 7*23 g. being collected, b. p. 96°/0*l mm. 

The crude acetoxy-derivative (4*2 g.) was stirred for IJ hours at room temperature with water (50 
c.c.), and barium hydroxide (8*15 g.) was gradually added. The slightly cloudy solution was filtered 
and treated with 6 N-sulphuric acid (10*5 c.c.). After removal of the barium sulphate, the solution was 
heated at 70° for J hour and then gave a deep purple colour in the Legal test whereas no colour was 
produced before heating. Extraction with ether in a continuous extractor gave a mass of sticky crystals 
which were washed wi& a little dry ether. Yield, 0*6 g. of crystals, m. p. 164°, which did not depress 
the m. p. of aconic acid (Found : C, 46*84; H, 3*31. Calc, for C 5 H 4 O 4 : C, 46*80; H, 3*14%). The 
methyl ester (from the silver salt and methyl iodide) had m. p. 82° and did not depress the m. p. of 
methyl aconate. 

Our thanks are due to Prof. Buttle and to Dr. M. Vogt, both of the Pharmacology Dept., the College 
of the Pharmaceutical Society, for their co-operation in working out details of the toxicity test employed 
and for preliminary tests (not quoted here). All the biological results were determined by Dr. H. O. J. 
Collier of the Pharmacology Dept, of this Company, to whom our thanks are also due. Ultra-violet 
absorption determinations were kindly carried out by Mr. H. F. W. Kirkpatrick. We desire also to 
thank the Directors of Messrs. Allen .& Hanburys Ltd. for permission to publish. 

Allen & Hanburys Ltd., Ware. [Received, November 21th, 1946.] 


221 . Pyrazine Derivaiives. Part III. Conversion of Diketopiperazines 
into Pyrazine Derivaiives. Synthesis of 2-Hydroxy-Z : 6-di-8ec.-butyl- 
pyrazine from iaoLeucine. 

By R. A. Baxter and F. S. Spring. 

A method for the conversion of diketopiperazines (a-amino-acid anhydrides) into pyrazine 
derivatives is described. isoLeucine anhydride (IX) has been converted into 2-cliloro-3 : 6- 
di-s«c.-butylpyrazine (XI) and thence into 2-hydroxy-3 : 6-di-5cc.-butylpyrazine (II), and 
similarly alanine anhydride (III) has been converted into 2-chloro- (IV) and 2-hydroxy-3 : 6- 
dimethylpyrazine (VII). 

The antibacterial substance aspergillic acid, for which the structure (I) has been suggested, is 
obtained from culture filtrates of the mould Aspergillus flavus using a medium containing an 

/tn j^\cHMeEt f \cHMeEt \ 

CHMeEtl IbH CHMeEtL HoH 

amino-acid source such as tryptone. The present paper describes some preliminary experiments 
undertaken with the object of developing a synthetic route, starting from fsoleucine, to 
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aspergillic acid or to the related deoxyaspergillic acid for which structure (II) has been suggested 
(for literature see Newbold and Spring, this voi., p. 373). 

Two syntheses of pyrazine bases from a-amino-acids have been described. Reduction of 
the ethyl ester of alanine with sodium amalgam in the presence of hydrochloric acid gave the 
hydrochloride of a-aminopropaldehyde which when treated with alkali and mercuric chloride 
yielded 2 : S-diinethylpyrazine in poor yield (A) (Neuberg, Ber., 1908, 41 , 956; Fischer, ibid., p. 



1019). The second synthesis (B) consists in treatment of an a-amino-acid with acetic anhydride 
and pyridine to yield an a-acetamido- ketone which, when hydrolysed with hydrochloric acid, 
gave the corresponding a-amino-ketone hydrochloride. The latter when condensed with alkali 
in the presence of an oxidising agent gave a fully substituted pyrazine base (Dakin and West, 
J. Biol. Chem., 1928, 78, 746, 757). 

Our method of approach to the problem consisted in a study of methods for converting a 
diketopiperazine (a-amino-acid anhydride) into an aromatic pyrazine derivative. The 
simplest reaction of this type would involve oxidation of a diketopiperazine to a dihydroxy- 
pyrazine, but so far as wo are aware no transformation of this type has been reported. 
Abderhalden (Z. physiol. Chem., 1924, 140 , 62; 1925, 143 , 128; 1926, 144 , 234) has shown that 
oxidation of glycine anhydride with potassium permanganate or with hydrogen peroxide and 
ferrous sulphate yields oxamide (cf. Ludtke, Biochem. Z., 1926, 143 , 158), and according to Arai 
[ibid., 1930, 226 , 233) glycine anhydride and phenylalanine anhydride on prolonged shaking with 
oxygen both yield urea. Goldschmidt and Steigenwald {Bev., 1926, 58, 1346) have shown that 
treatment of alanine anhydride with hypobromite yields an imidazolone derivative (cf. 
Goldschmidt, Wiberg, Nagel, and Martin, Annalen, 1927, 456 , 1). The present paper describes a 
method for the conversion of a-amino-acid anhydrides into halogen substituted pyrazine 
derivatives and the characterisation and conversion of these into hydroxypyrazine derivatives. 



Treatment of iZ/-alanine anhydride (III) with phosphoryl chloride gives a mixture of 
%chloYO-Z : ^'’dimethylpyrazine (IV) and 2 : 5*dichloro-3 : ^-dimethylpyrazine (V). Separation of 
the two reaction products is relatively simple since the dichloro-derivative is not basic, whereas 
2-chloro-3 : G-dimethylpyrazine is soluble in 3N-hydrochloric acid. The formation of the 
monochloro-derivative (IV) from alanine anhydride does not involve an oxidation step, whereas 
the formation of 2 : 6-dichloro-3 ; G-dimethylpyrazine involves the oxidation of an intermediate 
dihydropyrazine derivative, a common step in many pyrazine syntheses. Treatment of 
^^/-alanine anhydride with phosphoryl chloride in the presence of a tertiary base (dimethyl- 
aniline) gives only the monochloro-derivative, the intermediate dichlorodihydropyrazine 
presumably losing hydrogen chloride and thereby yielding the stable aromatic 2-chloro-3 : 6- 
dimethylpyrazine. 2-Chloro-3 : 6-dimethylpyrazine was not isolated from the reaction product 
obtained by treatment of c?/-alanine anhydride with a mixture of phosphoryl chloride and 
phosphorus pentachloride (as oxidising agent), the reaction giving 2 : 6-dichloro-3 : 6-dimethyl- 
pyrazine in poor yield, together with a small quantity of 2'^chloyo-6-hydfoxy-Z : Mimethylpyrazine 
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(VI) ; the latter was the only isolated product of the reaction between (^i^-alanine anhydride and 
phosphorus pentachloride. 

Prolonged treatment of 2-chloro-3 : G-dimethylpyrazine with concentrated potassium 
hydroxide solution gives 2-hydroxy-3 : 6-dimethylpyrazine (VII) identical with that previously 
obtained by different synthetic methods (Baxter, Newbold, and Spring, this vol., p. 370). 
Less drastic methods for the replacement of the halogen atom by hydroxyl were sought, but so 
far we have not succeeded in replacing the halogen by an amino-group. Treatment of 
2-chloro-3 : 6-dimethylpyrazine with alcoholic sodium ethoxide yields 2-ethoxy-Z : Q^-dimethyl- 
Pyrazine (VIII), hydrolysis of which with hydrochloric acid gives 2-hydroxy-3 : 6-dimethyl- 
pyrazine (VII). 

Treatment of 2 : 6-dichloro-3 : 6-dimethylpyrazine with concentrated aqueous alkali yields 
2-chloro- 6-hydroxy- 3 : 6-dimethylpyrazine (VI). This compound is soluble in alkali and 
reprecipitated from alkaline solution on acidification : its ultra-violet absorption spectrum is 
very similar to those of the simple hydroxypyrazine derivatives examined by Newbold and 
Spring (this vol., p. 373). 2-Chloro- 5-hydroxy- 3 : 6-dimethylpyrazine was recovered unchanged 
after treatment under drastic conditions with alcoholic ammonia. Although attempts to 
convert it into 2-hydroxy-3 : 6-dimethylpyrazine by reduction in alkahne solution with Raney 
alloy [Schwenk and Papa, J. Org. Chem., 1944, 9, 1; Ind. Eng. Chem. {Anal.), 1943, 15, 676] 
were unsuccessful, this transformation was effected by heating 2-chloro- 6-hydroxy- 3 : 6-di- 
methylpyrazine with solid potassium hydroxide. Treatment of 2-chloro- 6-hydroxy- 3 : 6- 
dimethylpyrazine with phosphoryl chloride using conditions which successfully convert 
^^/-alanine anhydride into a mixture of 2-chloro- and 2 : 6-dichloro-3 : 6-dimethylpyrazine gives 
a very small yield of 2 : 5-dichloro-3 : 6-dimethylpyTazine, the starting material being largely 
recovered unchanged. 

The reaction stages described above constitute a conversion of ^^/-alanine into 
2-hydroxy- 3 : 6-dimethylpyrazine. It was of great interest, therefore, to attempt to convert 
^/-isoleucine into 2-hydroxy-3 : 6-di-s^^.-butylpyrazine in order to compare the product with the 
racemate previously obtained by Ne\vbold and Spring {loc. cit.) by a different synthetic route. 

Ehrlich [Ber., 1907, 40 , 2660) obtained an fs<roleucine anhydride by heating ^f-woleucine and 
commented that the compound was probably a mixture of isomers. Dutcher and Wintersteiner 
(/. Biol. Chem., 1944, 155, 369) describe a racemic i.9oleucine anhydride prepared from 
^?/-isc>leucine. Using a modification of the method developed by Sanni6 {Bull. Soc. chim., 
1942, 9, 487) for the preparation of amino-acid anhydrides in which the a-amino-acid is heated 
with ethylene glycol, tf/-f5oleucine gave a flf/-f5oleucine anhydride in 49% yield. In a second 
method, a-bromo-p-methylvaleryl chloride was reacted with t^/-f5oleucine methyl ester 
hydrochloride and the product heated with alcoholic ammonia to yield a fi?/-fsoleucine anhydride. 
Although the specimens of anhydride obtained by the two methods appear to be identical, it is 
clear that they may comprise different mixtures of isomers. 

Treatment of rf/-f5oleucine anhydride (IX) with phosphoryl chloride gives a mixture of 
2 : 5‘dichloro-3 : G-di-sec.’huiylpyrazine (X) and 2-chloro-3 : Q-di-sec.-butylpyrazine (XI). The 
halogen substituents in these x^yrazine derivatives are even less reactive than those in the 
corresponding dimethyl homologues. Thus 2-chloro-3 : O-di-s^c.-butylpyrazine was recovered 
unchanged after prolonged refluxing with 20% potassium hydroxide solution, conditions which 
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converted 2-chloro-3 : 6-dimethylpyrazine into 2-hydroxy-3 : 6-dime thylpyrazinc. When 
heated to 180° with powdered potassium hydroxide, however, 2-chloro-3 : 6-di-5^c.-butylpyrazine 
yielded 2-hydroxy-3 : 6-di-5^c.-butylpyTazine (II) identical with the racemate obtained previously 
from di-sec.-butylpyrazine. 2 : 6-Dichloro-3 : 6-di-s5i:.-butylpyrazine was also unchanged after 
treatment with concentrated aqueous alkali, but when heated with powdered potassium 
hydroxide it gave 2‘ChlorO‘5-hydroxy-3 : Musec.-butylpyrazine (XII). 
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Experimental. 

2 ; 6-Dichloro-Z : ^-dimethylpyrazine . — A mixture of 2 : 5-diketo-3 : 6-dimethylpiperazine prepared 
from ^iZ-alanine by the method described by Sanni^ (loc, oiU) (6 g.) and phosphoryl chloride (60 c.c^) was 
heated at 120® (bath temp.) for 20 minutes. Excess of phosphoryl chloride was removed under reduced 
pressure and the residue triturated with ice-water. The solid was collected (filtrate A), washed with 
water, and dried over phosphoric oxide (yield, 1-3 g.). Sublimation of this material at 60 — 80^/2 mm. 
gave 2 : 5-dichloro-*S : Q-dimethylpyrazine as prisms, m. p. 73® (Found : C, 41*1 ; H, 3*7 ; N, 16*4. 
CaHeNgClg requires C, 40-7; H, 3-4; N, 16-8%). Light absorption in alcohol : Maximum at 2976 A., 
€ = 810. 

2-Chloro-^ : Mimethylpyrazine, — ^The filtrate A w-as treated with sodium carbonate solution until 
just alkaline and the mixture extracted with ether. The extract was dried, the ether removed, and the 
residue distilled to yield 2-chloro~Z : ^-dimethylpyrazine as an oil, b. p. 78®/16 mm. (1’4 g.), tij?* 1*6284 
(Found: C. 50*2; H, 4-8. 0^11 ^NjCl requires C, 60-5 ; H, 4-9%). 2-Chloro-3 : 6-dimethylpyrazine is 
soluble in 3N-hydrochloric acid. It forms a picrate, m. p. approx. 100°, and a chloroplatinate, m. p. 
> 360°, which are extremely soluble in the common solvents ; this extreme solubility precluded their 
satisfactory purification. 

Treatment of alanine anhydride (6 g.) with phosphoryl chloride (30 c.c.) and dimethylaniline (10 c.c.) 
for 20 minutes at 120° gave 2-chloro-3 : O-dimethylpyrazine (1 g.). Difl6culty was experienced in 
separating the x^roduct from the dimethylaniline ; this may account for the low yield. 

2-Chloro-5‘hydroxy-3 : ^-dimethylpyrazine. — {a) A mixture of rf/-aJanine anhydride (6 g.), phosphorus 
pentachloride (5 g.), and phosphoryl chloride (16 c.c.) was refluxed for 30 minutes. Excess of phosphoryl 
chloride was removed by distillation and the residue triturated with water to give 2 : 6-dichloro-3 : 6- 
dimothyli)yrazine (0*5 g.), m. p. and mixed m. p. 72 — 73°. The mother liquor was neutralised with 
sodium carbonate and extracted with chloroform. Evaporation of the dried (Na 2 S 04 ) extract gave a 
solid (0-8 g.) which, after crystallisation from benzene (needles) followed by sublimation, gave 
2-chlorQ-C)-hydroxy-^ : Q-dimeihylpyrazine as needles, m. p. 224°. Although sparingly soluble in water, 
it is soluble in dilute sodium hydroxide and precipitated from this solution on acidification (Found ; 
C, 46*6; H, 4*7. CoH,ONjCl requires C, 46*4; H, 4*4%). 

(ft) A solution of 2 : 5-dichloro-3 : 6-dimethylpyrazine (0*5 g.) in dioxan (4 c.c.) and aqueous 
potassium hydroxide (10 c.c.; 20%) was refluxed for 20 hours. The solution was acidified with 
hydrochloric acid, the crystalline sohd collected and purified by sublimation at 140°/1 mm. to give 
2-chloro-6-hydroxy-3 : G-dimethylpyxazine (0*36 g.) as needles, m. p. 224°, either alone or when mixed 
with the specimen described above (Found : N, 17*6. CeH 70 N 2 Cl requires N, 17*7%). Light absorption 
in alcohol : Maxima at 2285 a., e « 10,000 and 3330 a., e = 6,800. 

dhisoLeucine Anhydride. — {a) di-isoLeucine (9 g.) was refluxed with ethylene glycol (64 c.c.) for 4 
hours. The crude anhydride (2 g.) which separated on standing was purified by extraction with 
chloroform and evaporation of the chloroform filtrate. On crystallisation of the residue from alcohol, 
^/-isoleucine anhydride formed felted needles, m. p. 270° (sintering at 269°) (yield 49%) (Found : C, 
63*5; H. 9*6. Calc, for CiaHsaOaNj : C, 63*7; H, 9*7%). 

(ft) An ice-cooled suspension of ^f-tsoleucine methyl ester hydrochloride (6*2 g.) in chlorofonn (80 
c.c.) and a-bromo-)3-methylvaleryl chloride (8 g.) was stirred and treated during 1 hour with a solution of 
«-butylpiperidine (22 g.) in chloroform (20 c.c.). The ice-bath was removed and the mixture stirred for a 
further hour. The chloroform solution was washed successively with water, dilute hydrochloric acid, 
sodium carbonate solution, and water. Evaporation of the dried chloroform solution under reduced 
pressure gave a semi-solid mass which did not crystallise completely. It was dissolved in ethanol (160 
C.C.), the solution saturated with ammonia at 0° and heated at 180° for 8 hours. The reaction mixture 
was evaporated to dryness and the residue extracted with chloroform. The chloroform extract was 
evaporated and the product {T4 g.) crystallised from alcohol to yield (f/-isoleucine anhydride as needles, 
m. p. 270°, sintering at 260°. A mixture of this anhydride with a .specimen prepared by method (a) 
softened at 260° and melted at 270° (Found : C, 64*2 ; H, 9*6 ; N, 12*6. Calc, for CioHooOaN, : C, 63*7 ; 
H. 9*7; N, 12*4%). 

2 : 5-Dichloro -^ : Q-dusec.-butylpyrazine. — d/-jsoLeucine anhydride (2*0 g.) was refluxed with 
phosphoryl chloride (20 c.c.) for one hour. The phosphoiyd chloride was removed under reduced 
pressure and the product triturated with ice-water. The mixture was extracted with ether, the extract 
dried (Na 2 S 04 ), and the solvent removed. Distillation of the residue gave an oil (1*2 g.), b. p. 118°yi2 
mm. The oil was shaken with concentrated hydrochloiic acid (15 c.c.) and the crystalline mass collected 
(0*16 g.) (filtrate B) and sublimed at 60°/l mm. to yield 2 : 5-dichloro-^ : 6-di-SQC.-butylpyrazineQ.spla.tes, 
m. p. 68—60° (Found : C, 55-3 ; H, 6*9 ; N, 10*9. CijHigNgCla requires C, 55*2 ; H, 6*9 ; N, 10*7%^ 

2-Chloro-ti : 6~di-soc.-bittylpyrazine. — The filtrate B was diluted with water and neutralised with 
sodium carbonate solution. The mixture was extracted with ether and the extract dried and distilled ; 
2-chloro-?i : 6-di-soc.-buiylpvruzine (0*8 g.) -v^s thus obtained as a colourless oil; b. p. 116°/12 mm., 
1*6030 (Found: C, 04*2; H. 8*6; N, 12*0. CiaHnNaCl requires C, 63*6 ; H, 8*4; N, 12*4%). 

2-Ethoxy-Z : 6-dimethylpyrazine. — 2-Chloro-3 : 6-dimeriiylpyrazine (1 g.) was treated with an 
alcoholic solution of .sodium cthoxide (from 0*4 g. of sodium and 10 c.c. of ethanol) and the mixture 
heated under reflux for 4 hours. The solution was concentrated, diluted with water, and extracted with 
ether. The dried extract was distilled to give 2-ethoxy-Z ; 6-dimethylpyrazine (0‘7 g.) as a colourless oil, 
b. p. 81°/16 mm., 1*4993 (Found : C, 62*8 ; H, 7*7; N, 18*6. CgHiaONg requires C, 63*2; H, 7*9; 
N, 18*4%). The picrate separated as prismatic needles from methanol, m. p. 108—109° (Found : C, 
44*4; H,4*2; N, 18*8. Ci^Hj^OgN* requires C, 44*1 ; H, 3*9; N, 18*4%). 

2-Hydroxy-Z : 6-dimetkylpyrazine. — (a) 2-Chloro-3 : 6-dimethylpyrazine (1 g.) was heated under 
reflux with aqueous potassium hydroxide (20%; 10 c.c.) for 18 hours. The solution was neutralised 
(litmus) with hydrochloric acid and evaporated to dryness under reduced pressure. The residue was 
extracted with benzene and the extract concentrated ; 2-hydroxy-3 : 6-dimethyIpyrazine (0*6 g.) then 
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separated as needles. After recrystallisation from the same solvent it had m. p. 208 — 210® either alone 
or when mixed with an authentic specimen. 

(6) A solution of 2-ethoxy-3 : o-dimethvlpyrazine (0*6 g.) in hydrochloric acid (6n, 20 c.c.) was 
heated under reflux for 18 hours. The solution was evaporated to dryness, the residue dissolved in 
water, and the solution neutralised by the addition of sodium carbonate solution and evaporated to 
dr3mess. The residue was extracted with benzene and the extract concentrated ; 2-hydroxy-3 : C- 
dimethylpyrazine (0*4 g.), m. p. and mixed m. p. 208 — 210°, then separated as needles. 

{c) 2-Chloro-5-hydroxy-3 : 6-dimethylpyrazine (0*5 g.) was heated at 180 — 200° for 6 hours with 
powdered potassium hydroxide (2 g.). The cold reaction product was dissolved in water, and the 
solution neutralised with dilute hydrochloric acid and then evaporated to dryness (reduced pressure). 
Extraction with benzene in the usual manner gave 2-hydroxy-3 ; 6-dimethylpyrazine (0-2 g.) as needles, 
m. p. and mixed m. p. 208 — 210°. The picrate separated as blades from methanol, m. p. 180 — 182'^, 
undepressed when mixed with the specimen described by Baxter, Newbold, and Spring {loc, cit,). 

2-Hydroxy-Z : Q‘di"Sec.-butylpyrazine. — 2-Chloro-3 : 6-di-scc.-butylpyrazine (0*6 g.) was heated with 
powdered potassium hydroxide (2 g.) for 4 hours at 180°. The reaction mass was dissolved in water and 
the solution extracted with ether. The alkaline solution was acidified ; 2-hydroxy-3 : 6-di-stfc.-butyl- 
pyrazine (0*3 g.) then separated. It was collected and purified by sublimation at 110°/1 mm., and so 
obtained as small needles, m. p. 122 — 124°, not depressed when mixed with a specimen, m. p. 122 — 124°, 
prepared as described by Newbold and Spring (loc. cit.). Light absorption in alcohol : Maxima at 
3260 A., € = 10,000 and 2290 a.. « -= 9,100. 

2-Chloro-6-hydroxy~Z : Q-di-SQC.-butylpyrazine . — 2 : 5-Dichloro-3 : 6-di-s^c.-butylpyrazinc (0*3 g.) was 
heated with powdered potassium hydroxide (2 g.) for 4 hours at 160 — 180°. The mass was dissolved 
in water and unchanged dichloro-compound (0-2 g.) isolated by extraction with ether. Acidification of 
the solution with hydrochloric acid gave a solid which after sublimation at 90°/ 1 mm. gave 2-chlorO‘‘5- 
hydroxy-^ : Q-disec.-butylpyrazine, m. p. 106 — 106°. It is freely soluble in the common organic solvents, 
but insoluble in water (Found : C, 59*4 ; H, 8 0. CiaHi^ONgCl requires C, 69*4 ; H, 7*8%). 

We thank Mr. J. J. Gallagher for assistance in some of the experiments described. Grateful 
acknowledgment is made to the Department of Scientific and Industrial Research for a Grant. 

The Royal Technical College, Glasgow, C.l. [Received, November 21th, 1946.] 


222. Pyrazine Derivatives. Part IV. Pyrazine ^-Oxides and their 
Conversion into Chloropyrazines. 

By G. T. Newbold and F. S. Spring. 

2 : 5-Dialkylpyrazines are readily oxidised to a mixture of the corresponding mono- and 
di-AT-oxides. The mono- and di-JV-oxides are smoothly converted into 2-chloro- and 

2 : 6-dichloro-3 : 6-dialkylpyrazines respectively. Hydrolysis of the 2-chloro-3 : 6-dialkyl- 
pyrazine gives the corresponding 2-hydroxy-3 : fi-dialkylpyrazine. By this route, 

3 : 6-di-5ec.-butylpyrazine yields a 2-hydroxy-3 : 6-di-s^c.-butylpyrazine identical with the 
racemate described by us in Parts II and III (this vol., p. 373, and preceding paper). 

Treatment of 2 : 5-diinethylpyrazine (I, R — Me) with hydrogen peroxide in aqueous acetic 
acid gives 2 : 5-dimethylpyrazine N-oxide (II, R = Me) in 62% yield and 2 : 5‘dimethylpyrazine di- 
N-oxide (III, R = Me) in 24% yield. Treatment of 2 : 6-dimethylpyrazine N-oxide with 
phosphoryl chloride gives 2-chloro- 3 : 6-dimethylpyrazine (IV, R = Me) in 85% yield. 
Alkaline hydrolysis of the latter as described in the preceding paper ydelds 2-hydroxy- 3 : 6- 
dimethylpyrazine (V, R = Me). This route to 2-hydroxy- 3 : G-dimethylpyrazine starting fron\ 
2 : 6-dimethylpyrazine is superior to that described by Baxter, Newbold, and Spring (this vol., 
p. 370). 
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2 : 5-Dimethylpyrazine di-isT-oxide is converted by the action of phosphoryl chloride into 
2 : 5-dichloro-3 : 6-dimethylpyrazine (VI, R ** Me), identical with that described in the 
preceding paper. The yield, however, is low and is not increased by the use of sulphuryl chloride 
instead of phosphoryl chloride. 

Treatment of 2 : 6-di-sec.-butylpyrazine (I, R *= with hydrogen peroxide gives a 

mixture of the corresponding mono- and di-JV-oxides. 2 : ^-Di-sec^-butylpyrazine di-li^-oxide 
(III, R ssa sec. is obtained in 64% yield, and on treatment with phosphoryl chloride it is 
converted into 2 : 5-dichloro-3 : O-di-s^^^.-butylpyrazine (VI, R = identical with that 

obtained from isoleucine anhydride. The mono-iST-oxide (II, R = sec.-^C^H^) was not isolated 
in a pure state ; when treated with phosphoryl chloride it is converted into 2-chloro-3 : 6- 
di-.s^c;.-butylpyrazine (IV, R = sec.-C^Hg). The latter was characterised by hydrolysis to 
2-hydroxy-3 : 6-di-scc.-butylpyrazine (V, R =s s^c.-C 4 H 9 ), identical with the preparation 
described in the preceding paper and with that described in Part II (loc. cit.). 

Experimental. 

2 : 6-Dimetkylpyrajsine Vi-'N-ozide . — A solution of 2 : 5-dimethylpyrazine (6-6 g.) in glacial acetic acid 
(20 c.c.) was treated with hydrogen peroxide solution (40 c.c. ; 100-vol.) and maintained at 56° for 16 
hours. The solution was evaporated to small bulk under reduced pressure, and the residue was cooled in 
ice~water and made alkaline with sodium hydroxide solution. The mixture was extracted with 
chloroform (10 x 25 c.c.), the extract dried (NaaS 04 ), and the solvent evaporated under reduced pressure. 
The solid residue was digested with boiling chloroform (25 c.c.), the mixture cooled, and the solid 
collected (filtrate A). Crystallisation from a large volume of chloroform gave 2 : S-dimethylpyrazine di- 
l:ii-oxide as needles (1-7 g.) ; it has no definite m. p., darkening profoundly at approximately 280°, and is 
not molten at 360°. The di-V-pxide is readily soluble in cold water but sparingly soluble in cold organic 
solvents. It is less soluble in 8N-sodium hydroxide solution than in water. It sublimes readily at 
200°y0-6 mm. (Found : C, 61-3; H, 5*8. requires C, 61-4; H, 5*7%). 

2 ; 5-Dimethylpyrazine 'N-Oxide , — The filtrate A and the mother liquors from the crystallisation of the 
di-V-oxide were combined, concentrated, and cooled, and some di-iST-oxide was removed by filtration. 
The filtrate was evaporated to dryness and the solid residue (3*9 g. ; m. p. 100°) was crystallised from 
benzene to give 2 : 5-dimethylpyrazine li^-oxide as small colourless needles, m. p. 105 — 108°; it rapidly 
.sublimes at 100°/0*001 mm. (Found: C, 58*0; H, 63. C 6 HgON 2 requires C, 58*1; H, 6*45%). 
2 : 6-Dimethyl pyrazine JV-oxidc (0*6 g.) was heated with hydrogen peroxide solution (6 c.c. ; 100-vol.) 
and glacial acetic acid (5 c.c.) for 18 hours at 56°. The reaction mixture was treated as described above 
to give 2 ; 6-dimethylpyrazine di-V-oxide (0*5 g.), darkening at approximately 280° and not molten at 
360° (Found: C, 51*5; H. 6-9%). 

2-Chloro-^ : 5-dimethylpyrazine. — 2 : 5-Pimethylpyrazine iV-oxide (2*75 g.) was added in small 
portions to phosphoryl chloride (15 c.c.) with cooling and shaking. The mixture was cautiously warmed 
until solution was complete and the solution heated under reflux for 10 minutes. Excess of phosphoryl 
chloride was removed under reduced pressure and the residue poured on crushed ice. The mixture was 
neutralised with sodium carbonate and extracted with chloroform (6 X 25 c.c.), and the combined 
extracts were dried (NaS 04 ). The chloroform was evaporated and the residual oil distilled under 
reduced pressure to give a main fraction, b. p. 76 — 80°/12 mm. (2*7 g. ; 85%), which on redistillation 
yielded 2-chloro-3 : 6-dimethylpyrazine as a colourless oil, b. p. 77°/12 mm. ; 1*5276 (Found : C, 

50*8; H,4*8; N, 19*4. Calc, for CaH^NaCl : C, 50*6; H, 4*9; N, 19*6%). 

Hydrolysis of 2-chloro-3 : 6-dimethylpyrazine as described in the preceding paper gave a 50% yield 
of 2-hydroxy-3 : 6-dimethylpyrazine which after sublimation had m. p. 210—211°, undepressed on 
admixture with a specimen prepared via 2-amino-3 : O-dimethylpyrazine (Baxter, Newbold, and Spring, 
loc. cii.). 

2 : 5-Dichloro-^ : 5-dimethylpyrazine^ — (a) 2 : O-Dimethylpyrazine di-.V-oxide (0*5 g.) was treated with 
phosphoryl chloride (2*5 c.c.) and heated und^r reflux for 30 minutes. Excess of phosphoryl chloride 
was removed under reduced pressure and the residue triturated with ice-water . The solid was collected 
and purified by sublimation to yield 2 : 5-dichloro-3 : 6-dimethylpyrazine (100 mg.), m. p. 70 — 72°, not 
depressed by the preparation described in the preceding paper (Found : C, 41*0; H, 3*5. Calc, for 
C.HoNaCl*: C. 40-7; H, 3*4%). 

(S) The di-N-oxide (0*6 g.) was refluxed for 1 hour with sulphuryl chloride (10 c.c.). The excess of 
reagent was removed by distillation to give 2 : 5-dichloro-3 : 6-dimethylpyrazine (90 mg.), m. p. 71 — 73°, 

2 : 5-Di-seo.-butylpyrazine LH-T^-oxide . — 2 ; 5-Di-scr.-butylpyrazine (4*2 g.) in glacial acetic acid (30 
undepressed when mixed with the specimen described above. 

c.c.) and hydit)gen peroxide solution (30 c.c. ; 100-vol.) was heated at 56° for i7 hours. The solution 
was evaporated to small bulk under reduced pressure, and the residue made alkaline with sodium 
hydroxide solution and extracted with chloroform (6 x 20 c.c.). The combined extracts were dried 
(KgCOg) and evaporated to dryness under reduced pressure. The residue was recrystallised from 
benzene-light petroleum (b. p. 40 — 60°) to give 2 : 5-di-sec.-butylpyrazine di-lS-oxide as needles, m. p. 
169 — 161° (yield 64%), 2 : S-Di-scc.-butylpyrazine di-V-oxide is insoluble in water; it dissolves m 
5N-hydrochloric acid and is precipitated on basification of the solution (Found : C, 64*2 ; H, 9*0. 
CjaHjoOjNj requires C, 64*3; H, 8 9%). 

' 2 ; 5-Dichloro-3 : 5-dusec.-buiylpyrazine . — A mixture of the di-V-oxide (1*6 g.) and phosphoryl 
chloride (20 c.c.) was gently warmed and then heated under reflux for 30 minutes. &cess of phosphoryl 
chloride was removed under reduced pressure and the residue poured into ice-water. After neutralisation 
with sodium carbonate the solid was extracted with chloroform, and the dried (NagS 04 ) extract 
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evaporated to yield an oil which solidified on cooling. The solid was purified by sublimation at 60°/0-5 
mm., and the sublimate crystallised from aqueous ethanol to yield 2 : 5-dichloro-3 : 6>di-sac.-butyl- 
pyrazine (46% yield) as laminae, m. p. 69 — 61®, undepressed when mixed with the specimen described 
in the preceding paper (Found : C, 64-8; H, 6*9; N, 10-9. Calc, for CjgHigNaClg : C, 66-2; H, 6*9; 
N, lO-70/o). 

2’-Chloro-Z : 6-di-sec.~butylpyrazine . — The mother liquors from the crystallisation of 2 : fi-di-sec.- 
butylpyrazine di-iST-oxide were evaporated. The viscous liquid (1*0 g.), which would not solidify, was 
heated under reflux with phosphoryl chloride (10 c.c.) for 30 minutes and the reaction mixture worked 
up in the usual manner to give 2-chloro-3 ; 6-di-sei;.-butylpyrazine (0*6 g.) as a colourless oil, b. p. 
118 — 120®/14mm. ; 1*5037 (Found : N, 12*1. Calc, for CjaHiaNgCl : N, 12*4%). Treatment of 

the chloro-compound (0*4 g.) with potassium hydroxide using the conditions described in the preceding 
paper gave 2-hydroxy-3 : 6-di-s«c.-butylpyrazine (0*15 g.) as small needles which after sublimation had 
m. p. and mixed m. p. 121 — 123®. 


The Royal Technical College, Glasgow. 


[Received, Nove^nber 21th, 1946.1 


223. Nitration in Sulphuric Acid. Part V. Nitration of 
2 : 4-I)initrotoluene in a Two-phase System. 

By G. M. Bennett, J. C. D. Brand, D. M. James, T. G. Saunders, and Gwyn Williams. 

The results of a series of experiments on the rate of nitration of dinitrotoluene in a two-phase 
system under various conditions are discussed in the light of the study of nitration in 
homogeneous sulphuric acid solution (Part IV, this vol. p. 474), but a complete analysis of the 
results is not possible owing to the lack of data concerning the concentrations in the two phases. 

The rate of nitration for any one concentration of nitric acid is approximately proportional 
to the molar excess of sulphuric acid over water present. 

Owing to the higher proportion of nitric acid and lower proportion of sulphuric acid present 
in comparison with the experiments in homogeneous solution, and also to solubility effects, 
there is no optimum composition of the acid mixture giving a maximum rate of nitration such 
as occurs with 92% sulphuric acid in homogeneous nitration. Consistently with this the 
influence of added bisulphates and nitrous acid is in all cases to depress the rate of reaction. 

Part IV (loc, cii.) of this series described a study of the kinetics of nitration of 2 : 4-dinitrotoluene 
in homogeneous solution in sulphuric acid, with small concentrations of nitric acid and 
nitro-compound. The influence of water upon the rate of nitration was shown to be due to the 
production of bisulphate ion (equation 1), which exerts a dual influence, assisting nitration 
by increasing the proton-accepting quality of the medium and hindering nitration by its effect 
upon the extent to which nitric acid is converted into the nitronium ion NOj'*' (equation 2). 


This ion is the effective nitrating agent (Part I, 1946, 869). 

HgO -f H2SO4 — ^ OH3+ -f HSO,- (1) 

HNO3 + 2H2SO4 :;^=^ + OIV 2HSOj~ (2) 


In actual practice, however, the conversion of dinitrotoluene (DNT) into trinitrotoluene 
(TNT), whether on the laboratory or on the industrial scale, is carried out with larger proportions 
of nitric acid and with sufficient organic material to produce a two-phase system. In this paper 
we present the results of laboratory experiments on the two-phase nitration of DNT, designed to 
show whether the influence of water upon the rate of nitration in a two-phase system is consistent 
with the conclusions derived from the experiments with homogeneous systems, and, in particular, 
to ascertain whether added bisulphate ion influences the rate of the two-phase nitration in a 
predictable manner. The results here described will be confined to those of importance for 
these two purposes : a more extensive account of the two-phase experiments, with full 
experimental details, will be published elsewhere. 

Method of Experiment , — In each nitration chosen quantities of reagents were vigorously 
stirred together at a specified temperature (usually 100°) for a certain time (usually 60 mins.), 
the reaction was stopped by pouring into water, and the composition of the organic products 
found, after washing and drying, by measurement of density with a pyknometer and by 
reference to a density-composition curve. The material subjected to nitration was usually a 
60% dinitrotoluene-trinitrotoluene mixture in order to make the experiment similar in 
conditions to those found in one of the vessels of a nitrating plant where nitration is proceeding 
vigorously. 

To determine strictly comparable rates of reaction would require the measurement of 
instantaneous initial velocities of the process, but the experimental errors would be large for 
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short times of reaction so that a compromise was necessary and the nitrations were continued 
for times suficient to give changes large enough for accurate determination, A consideration 
of the various experimental errors shows that an observed change of 1 % in the proportion of 
TNT present may be regarded as significant, but the corresponding calculated percentage 
conversion will be of the order of 2 %. 

Sulphuric Acid-Water Ratio . — The criteria we have used in examining the process are the 
H 2 O/H 2 SO 4 and the HNOj/DNT molar ratios. Fig. 1 summarises the results obtained at 100® 
with widely varying II 2 O/H 2 SO 4 ratios for four different values of the HNO 3 /DNT ratio, and 
shows clearly that nitration becomes negligible when the water /sulphuric acid ratio approaches 
unity. This is reminiscent of the nitration threshold found by Hetherington and Masson (/., 
1933, 106) for the nitration of nitrobenzene at 36®, but the latter substance has a much higher 
si)eed of nitration and, in presence of large amounts of nitric acid, its nitration continued to 


Fig. 1. 



Extent of nitration in 1 hour at 100® of 60% DNT in TNT mixture with 2*43 wis, of mixed acids 

of various compositions. 


points somewhat beyond the 1 : 1 ratio of water to sulphuric acid. The results of our velocity 
measurements for the nitration of dinitrotoluene in homogeneous solution show values falling 
towards zero in the region of a H 2 O/H 2 SO 4 mole ratio of 0’87, and although this agrees 
approximately with the indications of Fig. 1 there appears to be a small but real discrepancy 
since appreciable nitration was found in two-phase experiments for acids of ratio 1*0. The 
explanation of this may lie in the slight change of composition of the acid mixture in consequence 
of the partition of water and acids between the two phases. Complete data on this point are 
not available, but some unpublished experiments by Mr. S. E. Napier, made to study the 
compositions of the two phases in such nitrations, showed that the aqueous acid present in the 
organic phase, amounting to 6 — 10 % of that phase, always showed a HaO/HgSO^ ratio much 
higher than that of the acid phase in equilibrium with it. This must result in the effective 
H 2 O/H 2 SO 4 molar ratio in two-phaise nitrations being somewhat lower than that of the acid 
mixture as prepared and analysed before the experiment, and may well account for the 
discrepancy observed. 
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Fig. 1 shows that rates of nitration for each concentration of nitric acid fall in 
an approximately linear manner towards the point when HaO/HgSOi = 1, and this means that 
the rates are nearly proportional to 1 — H20/HaS04 or (H2SO4 — H20)/H2S04, i,e., nearly 
proportional to the fraction of sulphuric acid which is in molar excess of the water present. 
This is consistent with our view that nitration must depend on there being a molecular excess of 
sulphuric acid over the water present in the nitrating mixture, because the reaction (1) is 
complete, and it is only the excess of sulphuric acid which converts nitric acid into the active 
nitrating species NOj’*’ on which the reaction depends. 

A detailed analysis of the results of these two-phase experiments in terms of the velocities 
of reaction determined in homogeneous sulphuric acid solution is, however, not at present 
possible because the available data as to the exact compositions of the two phases are far too 
fragmentary. 

A remarkable regularity was observed in the course of some experiments carried out by 
Messrs. J. C. Dine and D. Fysh directed to answering the practical question “ what is 
the necessary composition of mixed acid to give a specified extent of nitration ? ” It was 
found that for various concentrations of nitric acid (of 5% and upward when working at 100°) 
the required rate of nitration was obtained when the water mole-fraction had a certain value. 
Moreover, this was found to hold at three different temperatures, a necessary minimum 
concentration of nitric acid and a prescribed water mole-fraction being specified for each 
temperature. 

A partial explanation of this result is again suggested by our theory when the concentrations 
of iiitronium ion present in these acid mixtures are considered. Calculation from the ionic 
equilibria, using the constants determined in our study of kinetics in homogeneous sulphuric 
acid solution (Part IV, loc. cit.), shows that the acids giving the required rate of nitration have 
approximately constant concentrations of NOg'*' ion. The data for six such acids found to give 
a prescribed rate of 16*5% conversion of DNT in 30 minutes at 100° are shown in the table 

Composition of nitrating acids giving a specified rate of nitration at 100°. 

Wt., %. Mole-fractions. 


Acid No. 

' H2SO4. 

HNO3. 

H2O. ‘ 

H2SO4. 

HNO3. 

H2O.' 

Calculated moles 
of NO2+/I. 

1 

75-0 

150 

100 

0-489 

0-152 

0-^59 

0-60 

2 

80-6 

9-85 

9-6 

0 543 

0-103 

0-364 

0-72 

3 

85-4 

506 

9*5 

0-590 

0-054 

0-366 

0-62 

4 

87-3 

3*94 

8-8 

0-618 

0-043 

0-338 

0-64 

5 

87-5 

3*71 

8-75 

0-621 

0-011 

0-338 

0-61 

(i 

93-6 

20 

4-4 

0-776 

0-026 

0-198 

0-58 


above. The experimental measurements of Chedin (Mem. des Services chimiques de VEtat, 
1944, 31, 113), interpreted according to our views, give results of the same order and equally 
consistent except for acid No. 6. Such acids might De expected to have equal nitrating powers. 
This leaves out of account, however, the two-phase nature of the system, and the fact that the 
concentrations in the acid phase, where nitration takes place, must differ slightly from those in 
the nitrating acid selected. 

When a wide range of nitration data are re-examined in relation to the water mole-fraction 
in the acid used it appears from Fig. 2, in which the extent of nitration is plotted against the 
water mole-fraction, that with acids of 5% nitric acid and upwards the rate of nitration varies 
in a linear manner with varying water mole-fraction, independently of wide variations in the 
concentration of nitric acid present. 

It may be pointed out that acids of the same water mole-fraction are acids of nearly equal 
water /sulphuric acid ratios since the mole-fraction of sulphuric acid in them does not vary 
much. In fact, if the nitric acid present is increased while the water mole-fraction is kept 
constant, a slightly lower H2O/H2SO4 ratio must result and the relationship shown in Fig. 2 
may arise from a compensation in the ionisation equilibrium between a somewhat diminished 
proportion of free sulphuric acid and the increased amount of nitric acid present. 

If, on the other hand, we consider the trend of the results of two-phase nitrations in acids of 
diminishing water content,; we find that the nitration rates (using nitrating acids containing 6 
or 10% HNOj) increase steadily as the mole-fraction of water is reduced to zero and show no 
sign of a maximum for a nitrating acid composed of nitric acid and any aqueous sulphuric acid, 
comparable with the sharp maximum in homogeneous solutions at 92% lrl 2 SO /H^SO^ 
molar ratio = 0*48). There are two reasons which may account for this difference : 

(a) In two-phase experiments with dinitrotoluene the nitration takes place in the acid 
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phase. Nitration in the organic phase is negligible, as shown by Mr. W. W. Jones and Mr. 
A. E. Flood (unpublished observations; compare Hetherington and Masson, /oc, cit,, who state 
that no nitration occurs in the nitrobenzene phase, and Lewis and Suen, Ind, Eng, Chem,, 1940, 
32, 1095, who found the rate of nitration of benzene to be 6 — 10 times as fast in the acid phase 
as in the organic phase). The solubility of dinitrotoluene in the acid phase increases with 
diminishing water content, and this must at least tend to move the optimum composition for 
nitration in the direction of acids of lower water content (compare D. I. James, 1936, 786). 

(6) The occurrence of a medium giving a maximum rate for homogeneous nitration depends 
on the existence of a range of nitrating acids in which an increase in water content accelerates 
nitration, and this is due to the nearly complete conversion of water and nitric acid into ionic 
forms by the sulphuric acid in this range. The rising proportion of water therefore increases 
the concentration of HSO 4 '" ion in this region much faster than it diminishes that of the NOg'^ 



Mole fraction of water. 

Extent of nitration in 1 hour at 100° of 50% DNT in TNT mixture with 2*43 wts. of mixed acids 

of various compositions. 

ion. This can only occur, however, when sulphuric acid is present in sufficient molecular excess 
over both water and nitric acid. In a typical two-phase experiment the nitrating acid was of 
composition 84*4% HaS04, 9*9% HNO3, 6*7% HgO (nitric acid in 93*7% sulphuric acid) and 
the actual quantities in reaction were : dinitrotoluene 0’0384, sulphuric acid 0*293, nitric acid 
0*0638, water 0*108 mole. In this mixture sulphuric acid is in l*8-f old' excess over the nitric 
acid plus water, as compared with a 4-fold excess in our homogeneous nitration in 96% sulphuric 
acid. It is readily shown by calculation of the ionic equilibria in these mixtures (discussed in 
Parts I and IV of this series) that with 6 or 10% of nitric acid present the conversion of the 
nitric acid into the cationic form NO2+ does not approach completeness with any sulphuric 
acid-water mixture. An examination of the curves from the observations of Ch4din {foe. cit.) 
also leads to the same conclusion. 

This view is supported by the effect produced on the rate of nitration by the addition of 
bisulphates. 

Effect of Bisulphates and Nitrous Acid . — ^In Part IV it was shown that the effect of bisulphate 
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ions in homogeneous nitrations was to accelerate the reaction in the region between the optimum 
concentration and 100% sulphuric acid but to retard it in acid-water mixtures of less than 92% 
sulphuric acid. According to our view, the two-phase nitrating mixtures are all effectivelv' 
analogous to the latter range of media for homogenous nitration, and this requires that 
bisulphates should always retard the two-phase process. This question has been examined 
experimentally, for two-phase nitrations with a mixed acid containing 10% of nitric acid, by 
observing the effect of adding (a) potassium bisulphate, [b) nitrosyl bisulphate, and {c) nitrous 
acid. The last of these reacts reversibly according to the equation HNOg + 2H2SO4 
NO’*' 4- HgO*^ -f 2HS04“, so that one mole of nitrous acid produces two moles of bisulphatc 
ion and one mole of oxonium ion all capable of affecting the nitric acid ionisation equilibrium. 


Fig. 3. 



Effects of added substances on extent of nitration at 100'^. 

Curve 1. 89*1% H 0 SO 4 : H 2 O/H 2 SO 4 =- 0-072. Nitration for 30 mins.'\ 

2. 86-2% H 3 SO 4 : H 2 O/H 2 SO 4 = 0-245. Nifraiion for 60 mins, J-HNOg ^ 9-8%. 

3 and 4. 81-8% HaS 04 : = 0-563. Nitration for 60 mins.} 

The results of these experiments are shown in Fig. 3. A retardation of the reaction is 

apparent in all cases. The large retarding effect of bisulphate, shown in the upper two curves, 
is specially noteworthy since the H2O/H2SO4 ratios for these acids were 0*072 and 0*246, 
corresponding to points well on the acid side of the optimum velocity point in homogeneous 
nitrations (H2O/H2SO4 = 0*48). This confirms the supposition made above [p. 1188, (6)] that, 
in two-phase nitration, the proportion of nitric acid present is usually too high for its conversion 
into nitronium ion to be nearly complete. 

In this connection it is noteworthy that the nitration of benzoic acid and other substances 
by means of potassium nitrate and concentrated sulphuric acid (Houben, “ Methoden der 
Organischen Chemie ”, 3rd edn., 1941, iv, 196) involves essentially homogeneous conditions and 
that here the reaction is facilitated by the potassium bisulphate formed in solution. 

The effects of potassium and nitrosyl bisulphate are not quite equivalent, but the discrepancy 
is accounted for when allowance is made for the incompleteness of the ionisation reaction of 
nitrous acid : the substance is 90% ionised in such solutions according to the estimate 
of Hantzsch and Berger {Z. anorg, Chem., 1930, 190, 321). 

The effect of nitrous acid in depressing the speed of nitration is seen to be more than twice 
4h 
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that of potassium bisulphate, as was to be expected, but here again the result is modified by the 
reversal of the ionisation equilibrium. 

The influence of nitrous acid upon two-phase nitration has made itself felt in another way. 
If the initial nitrating agent contains too high a proportion of water, nitration stops before the 
whole of the available reacting material has been consumed. Such an effect, which is similar to 
the nitration threshold of Hetherington and Masson for nitrobenzene (compare p. 1186), is a 
natural consequence of the accumulation of water liberated during nitration with a consequent 
increase of the H2O/H2SO4 ratio to a point where the speed of nitration becomes negligible. 
But the arrest in the nitration of DNT actually occurs at an earlier stage, because the oxidation 
processes accompanying the nitration (see Part IV, loc. cit.) produce nitrous acid, the retarding 
action of which is added to that of the water in bringing the reaction to a standstill. 

The authors express their thanks to Professor W. E. Garner, F.R.S., in whose laboratory this work 
was carried out, and to the Director-General of Scientific Research (Defence) for permission to publish. 
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224 . p-Cydoylpropionitriles. Part I. A General Synthesis and 
Conversion into Pyrrole Dyes. 

By Edward B. Knott. 

Cyclyl jS- dialky laminoethyl ketone hydrochlorides, readily obtained by the Mannich 
reaction, arc converted to p-cycloylpropionitriles by refluxing with aqueous potassium cyanide. 

The nitriles on hydrolysis yield ^-cycloylpropionic acids some of which are not otherwise readily 
available. j5-Behzoylpropionitrile readily absorbs hydrogen chloride to give a crystalline 
chloroimide salt which on treatment with alcohol gives an alkyl p-benzoylpropimino-efher hydro- 
chloride. The latter, also formed by the conventional method, gives with hot alcoholic ethyl 
orthoformate, red 3 : ^'-pyrromethin and with )3-ethoxyacraldehyde acetal, a blue 3 : Z'-pyrro- 
irimethin dye. 

The preparation of p-cycloylpropionic acids is normally achieved by a Friedel-Crafts con- 
densation of an unsaturated carbocycle or heterocycle with succinic anhydride. This method 
gives positive results with most suitable carbocyclic and stable heterocyclic compounds. The 
same acids can also be prepared from the cyclyl bromomethyl ketone by condensation with 
ethyl sodiomaloiiate follow'ed by hydrolysis and decarboxylation. Both of these methods fail, 
however, when the cyclic component is relatively unstable. Thus furan or 2-bromoacetylfuran 
gave only tars when submitted to either of the above processes. Since ^-%-fuYoylpyopionic 
acid was required, an alternative method of preparation was sought. 

One method would be by the hydrolysis of p-2-furoylpropionitrile if such a compound were 
readily available. No general method for the preparation of p-cycloylpropionitriles has been 
developed, although one such nitrile, p-benzoylpropionitrile (p-cyanopropiophenone) was 
prepared by Allen, Gilbert, and Young (/. Org, Ghent., 1937, 2, 227) by the addition of hydrogen 
cyanide to phenyl vinyl ketone. 

It is well known (Mannich and Honig, Arch, Pharm,, 1927, 265, 698) that cyclyl p-dialkyl- 
aminoethyl ketones vary in their stability and that many of them, on steam distillation, lose 
dialkylamine to give cyclyl vinyl ketones. It is also known (Reichert and Posemann, ibid,, 
1937, 276, 67) that Mannich salts react with sodionitromethane to give y-nitrobutyrophenones. 
It appeared fruitful, therefore, to investigate the action of alkali cyanides on Mannich salts, 
since such alkalis should release the Mannich bases, and under certain conditions the latter, 
by loss of dialkylamine followed by hydrogen cyanide addition, might be converted into the 
desired nitriles. 

It has been reported (Mannich and Braun, Ber,, 1920, 53, 1874) that the Mannich salt obtained 
from cy^;/ohexanone on treatment with aqueous potassium cyanide yields a cyanohydrin of the 
Mannich base. The p-dialkylaminopropiophenone hydrochlorides (I ; R « ph) which were 
chosen for model experiment also gave oils on the addition of aqueous potassium cyanide. 
These are believed to be the cyanohydrins (II ; R «= Ph) but they readily decomposed on 
attempted distillation and were not analysed. The product from 2-furyl p-dimethylamino 
ethyl ketone hydrochloride (I ; R = 2-C4H3O) and cold aqueous potassium cyanide, however. 
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was obtained crystalline and found to be 2-fufyl ^-dimethylaminoethyl ketone cyanohydrin 
(II; R « 2 -C 4 H 3 O, R' = Me). 

OH 

R-CO-CHj|-CH 3*NR'3,HC1 + KCN — > R-C-CHj-CHj-NR', + KCl — > R-CO-CHj-CHa-CN + NHR'* 

CN 

(I.) (II.) (III.) 

The decomposition of (II ; R = Ph), with or without its isolation, was readily brought about 
by short heating under reflux in water, preferably in the presence of excess alkali cyanide. 
Dialkylamine was evolved, and p»benzoylpropionitrile formed in reasonably good yield. The 
yield and the state of purity of the crude product, as well as the optimal reaction time, depended 
primarily on the concentration of the aqueous cyanide. The greater the dilution the purer 
was the product, and up to a point the higher the yield. Too great a dilution lowered the 
yield, owing to the solubility of the nitrile in water. Replacement of water as solvent by 
aqueous alcohol, and other combinations, always gave lower yields. 

The application of this method to other salts (I ; R = aryl, or 2-thienyl) gave similar 
yields of nitrile. ^•2-Furoylpropionitrile is much more soluble than the other nitriles and 
must be extracted from the reaction mixture. 2-Benzfuryl ^-cyanoelhyl ketone (VI) was also 
obtained by this method. The reaction appears to be fairly general and the only exception 
amongst the salts used involved 3-nitro-p-dimethylaminopropiophenone hydrochloride. This 
salt, the base of which is known to be very unstable, readily releasing amine and formaldehyde 
(Mannich and Dannehl, Arch, Pharm., 1938, 276, 206), gave only resins with potassium cyanide. 
l-Naphthyl ^-dimethylaminoethyl ketone hydrochloride, which decomposed rapidly on heating in 
aqueous solution, gave the expected nitrile only when a large excess of cyanide was present. 

The reaction applied to ^-chloro-p-dimethylaminopropiophenone hydrochloride gave only 
a 16*6% yield of the required nitrile and a second solid, analysis of which indicated the empirical 
formula Ci 9 Hi 502 NCl 2 . It formed a monophenylhydrazone and was decomposed to an 
oil by boiling 18% hydrochloric acid. The simplest substance of this composition, viz,, 
Cl*C 4 H 4 -CO*CH 2 -CH 2 *C(:NH)*CH:CH-CO-CeH 4 Cl, would be formed by addition of the inter- 
mediate jb-chlorophenyl vinyl ketone to the ^-chlorobenzoylpropionitrile, giving 4-imino-l : 7- 
diketo-1 : 7-di-^-chlorophenylhept-2-ene. 

This method of preparation of the nitriles appears to apply only where R' is alkyl. Such 
Mannich salts obtained by the substitution of dialkylamines by piperidine or morpholine do 
not decompose under the conditions employed here. Similarly, Mannich salts from cyclic 
ketones or propiophenone gave only oils or resins on similar treatment. 

In all cases the nitrile was readily hydrolysed to the p-cycloylpropionic acid (cf. Allen ct al., 
loc, cit,), ^•2-Furoylpropionic acid (IV) resembles ^-benzoylpropionic acid in its melting point 
and i)hysical appearance. It was characterised by its ethyl ester and its conversion into 3'keto- 
Q- {2' -fury 1) -2 : 3 : 4 : 6-ieirahydropyridazine (V) by hydrazine hydrate. 


([^CO-CH,-CH,-CO,H 

(IV.) 


H, 

NH 


Sii, 

(V.) 


r„ . 


CO-CHg-CHa-CN 

(VI.) 


On treating an alcoholic solution of p-benzoylpropionitrile with hydrogen chloride, elhyl 
^-henzoyipropimino-ether hydrochloride (VII) was obtained, the base of which is crystalline 
but not very stable ; (VII) was also obtained by treating the nitrile with hydrogen chloride m 
dry benzene and dissolving the resulting, crystalline chloroimide salt (VIII) in ethyl alcohol. 
The chloroimide fumed strongly in air, slowly releasing hydrogen chloride to give the original 
nitrile. It was decomposed by water to give chiefly the original nitrile together with some 
P-benzoylpropionamide. 

On warming (VII) wdth 18% hydrochloric acid, ethyl p-benzoylpropionate was formed in 
quantitative yield, whilst its base, on heating with acetic anhydride, gave the expected 
^-^-henzoylpropionylacetamide (IX). The corresponding imino-ether salts from ^-\-methoxy- 
henzoylpropionitrile and ^-^-hydroxybenzoylpropionitrile are very sensitive to moisture, and on 
dissolving in 99 % alcohol were converted into ^-4:-‘methoxy- and ^-^-hydroxy-benzoylpropion- 
amides. 


CH2~CH2 
Ph-CO C-OEt 

(VII.) 


CH,-<pHe 
Ph-CO CCl 

(vni.) 


Ph-CO-CH,-CH,-CO-NH-CO-CH. 

(IX.) 
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All the imino-ether hydrochlorides showed a strong Ehrlich reaction in warm alcohol, 
indicating ring closure to pyrrole derivatives. The latter could not be isolated, although a 
yellow crystalline substance together with anitnonium chloride was formed on refluxing (VI) 
in absolute alcohol. Its constitution was not determined. 

On refluxing (VIT) with alcoholic ethyl orthoformate a brilliant red dye was formed. 
Analysis suggested the empirical formula CjgHjsOaNaCl which is the hydrochloride of a base 
C£5H240jN 2. Since it is apparent that pyrrole ring formation occurs on heating (VII) in 
alcohol, the dye is therefore his-3- (2-ethoxy- 5-ph€nylpyrrole)methin hydrochloride (X; « = 0) or 
the his-^-isomer. The 3-position of the methin bridge was established with a fair amount of 
certainty by preparing the imino-ether of a-cyaiio-p-benzoylpropionic acid (XI) and treating 
it with /)-dimethylaniinobenzaldchyde and also with ethyl orthoformate. Although (XI), 
obtained as an oil, w’as not purified, it gave a strong Ehrlich reaction but no dye with ethyl 
orthoformate. Since the 3-position in the potential pyrrole ring is blocked by the carboxyl 



HCl 

(XII.) 


11 — 

ill JiOEt 


CH*CH]„j T, 

Eto!^ ^Iph 

HCl 


CHa-CH-COj 
Ph*CO C-OEt 

NH,HC1 

(XL) 


group it follows that the reaction with ^-dimethylaminobenzaldehyde must take place in the 
4 -position, and that either steric hindrance or lower activity of the 4-position precludes d 3 ’’e 
formation with ethyl orthoformate. 

Analogues of (X) Avere prepared from methyl pj-benzoylpropimino-cther hydrochloride and 
(thyl ^-4t-methoxyhenzoylpropimino-ether hydrochloride. The salt (VII) and fJ-ethoxyacraldehyde 
acetal gave a blue dye which by analogy is bis-Z-(2-cthoxy-b-phenylpyrrole)trimethm hydrochloride 
(X; « s= 1). The formation of these dyes is interesting. It appears that the initial step of 
pyrrole ring formation occurs on warming in alcohol; the 2- ethoxy- 5-phenylpyrrole hydro- 
chloride (XII) thus formed probably decomposes rapidly to ammonium chloride and the 
above-mentioned yellow crystalline substance; in the presence of ^-dimethylaminobenzalde- 
hyde, ethyl orthoformate or p-ethoxyacraldehyde acetal, however, dye formation, occurring 
immediately the pyrrole ring has formed, stabilises the rings. This stability may be con- 
nected with the resonance of the new systems. 

Degradation experiments failed to give any simpler pyrrole derivatives. The dye salts 
are stable in aqueous alcoholic solution at pH 3 but are readily hydrolysed by water at higher 
pH \ alues. On the addition of alkali to the aqueous-alcoholic solution of the dye, the intense 
red colour, lost on initial hydrolysis of the salt, is restored ; this must be due to salt formation 
although the identity of the absorption curves indicates no great structural change. 

The blue dye (X; w = 1) weakly sensitised a photographic silver chloride emulsion at low 
pH values with a broad maximum sensitivity at 5000 — 0000 a. extending to 7000 a. 


Experimental. 

(Microanalyses are by Drs. Weiler and Strauss, Oxford ; m. p.s are uncorrected.) 

l-Naphthyl p-Dimethylaminoethyl Ketone Hydrochloride (I; R = 1-CjqHv). — 1-Naphthyl methyl 
ketone (86 g.), dimethylamine hydrochloride (42 g.), paraformaldehyde (22*6 g.), concentrated hydro- 
chloric acid (1 C.C.), and ethyl alcohol (160 c.c.) were heated under reflux for 4 hours, poured into acetone 
(800 c.c.), and chilled. Colourless crystals (46 g. ; 34%) were obtained which formed colourless prisms, 
m. p. 166"*, from ethyl alcohol (Found : N, 4*9. Ci^HigONCl requires N, 5-3%). 

p-Dimethylamino-Z-hydroxypropiophenone Hydrochloride (I ; R = 3-OH*CeH4). — w-Hydroxyaceto- 
phenone (60 g.), dimethylamine hydrochloride (40 g.), paraformaldehyde (14*4 g.), concentrated hydro- 
chloric acid (1*6 c.c.), and ethyl alcohol (100 c.c.) were heated under reflux for 1 hour. The salt had 
then partly crystallised. It (44-2 g. ; 52*6%) was collected when cold and formed long, fine needles, 
m. p. 176®, after two recrystallisations from ethyl alcohol (Found : N, 6-1. .Ci,HieO,NCl requires N, 
%)• 

P-Dimethylamino-3-methoxypropiophenone Hydrochloride (I; R = 3-MeO*CeH4). — w-Methoxyaceto- 
phenone (23’6 g,), dimethylamine hydrochloride (16*6 g.), paraformaldehyde (6-3 g.), concentrated 
hydrochloric acid (0-3 c.c.), and ethyl alcohol (60 c.c.) were heated under reflux for 2 hours. The clear 
liquor was poured into acetone (400 c.c.), and the required sa// (23 g. ; 60-6%) obtained on scratching. 
It formed cream needles, m. p. 160®, from ethyl alcohol (Found : N, 6*66. CjjHjgO^NCl requires N, 
^** 73 %). 

p-Dimethylammo-^hydroxypropiophenone Hydrochloride (I; R = 4-OH*C0H4). — ^-Hydroxyaceto 
phenone (26 g.), dimethylamine hydrochloride (20 g.), paraformaldehyde (7*2 g.), concentrated hydro- 
chloric acid (0-76 C.C.), and ethyl alcohol (30 c.c.) were heated under reflux for 1 hour. After 10 minutes 
a mass of crystals had separated. They (32 g. ; 76%) were collected when cold and washed with cold 
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ethyl alcohol. A samj^e was obtained as glistening plates, m. p. 192°, from ethyl alcohol, in which 
it is sparingly soluble (Found : N, 6*2; Cl, 16*2. CjiHieOgNCl requires N, 6*1 ; Cl, 15*46%). 

^^Bromo-p-dimeihylaminopropiophenone Hydrochloride (I; R = 4-BrC^H4). — ^-Bromoacetophenone 
(26 g.), dimethylamine hydrochloride (12 g.). paraformaldehyde (4*6 g.), concentrated hydrochloric acid 
(0*6 C.C.), and ethyl alcohol (30 c.c.) were refluxed together for 2 hours, then chilled, and acetone (60 
c.c.) added; the salt (17*9 g. ; 49%) crystallised, and formed jagged needles, m. p. 196°, from ethyl 
alcohol (Found : N, 4*7. CixHjjONClBr requires N, 4*8%). 

2-Benzfuryl p-Dimethylaminoethyl Ketone Hydrochloride (I; K =. 2-^benzfuryl) . — 2-Acetylbenzfuran 
(34 g.) (Stoermer and Schaffer, Ber., 1903, 86, 2863), dimethylamine hydrochloride (17*3 g.), para- 
formaldehyde (7*2 g.), and ethyl alcohol (100 c.c.) were refluxed together for 2 hours. The clear 
solution was concentrated to half its volume, acetone (200 c.c.) added, and the mixture chilled. The 
crystals (21 g. ; 39%) were washed with acetone and obtained as tiny needle rosettes (Found : N, 6*16; 
Cl, 13*6. CiaHijOgNCl requires N, 6*6; Cl, 14*0%), m. p. 188°, from ethyl alcohol. The filtrates 
gave unchanged acetylbenzluran (16*6 g.) on dilution with water. 

(jrDimethylaminomethylpropiophenone Hydrochloride. — Propiophenonc (134 g.), dimethylamine hydro- 
chloride (106 g.), paraformaldehyde (40 g.), concentrated hydrochloric acid (2 c.c.) and ethyl alcohol 
(160 c.c.) were heated under reflux for 2 hours. After cooling, ether was added to precipitate an oil, 
which solidified on shaking (184 g.; 81%). It formed tiny needles, m. p. 142*6°, from ethyl alcohol- 
ether (Found : N, 6*36. CuHigONCl requires N, 6*16%). 

^-Benzoylpropionitrile (111*, R = Ph). — (a) ^-Dimethylaminopropiophenone hydrochloride (213*6 g. ; 
1 mol.) (Org. Synth., 23, 30) and potassium cyanide (130 g. ; 2 mols.) were placed in a flask and boiling 
water (2600 c.c.) added rapidly. The whole, consisting of an aqueous and an oily layer, was refluxed 
for 30 minutes. Part of the dimethylamine distilled and was collected in dilute hydrochloric acid. 
On chilling, the oil crystallised, and crystals formed from the aqueous layer. The nitrile (67% yield) 
formed almost colourless blades, m. p. 76°, from benzene-light petroleum (Found : C, 76*2; H, 6*86; 
N, 8*6. Calc, for CioHgON : C, 75*5; H, 5*65; N, 8*8%). Allen et al. (loc. cit.) give m. p. 76° from 
ethyl alcohol. 

(b) Crude j3-diethylaminopropiophenone hydrochloride contaminated with diethylamine hydro- 
chloride (900 g.) was obtained by refluxing for 2 hours a mixture of acetophenone (422 g.), diethyl- 
amine hydrochloride (500 g.), paraformaldehyde (138 g.), concentrated hydrochloric acid (7 c.c.), and 
ethyl alcohol (280 c.c.) and adding dry ether to the cooled reaction mixture until no more solid pre- 
cipitated. The crude salt (24*1 g.), potas.sium cyanide (13 g.), and boiling watc?r (520 c.c.) were refluxed 
for 20 minutes, and the nitrile, m. p. 76°, isolated and purified as under (a). The yield of nitrile was 
48% based on the dieth3rlamine hydrochloride. 

P-p-Toluoylpropionitrile (II; R—^-MeCgHg). — j8>Dimcthylamino-4-methylpropiophenone hydro- 
chloride (22*7 g. ; 0*1 mol.), potassium cyanide (13*0 g. ; 0-2 mol.), and boiling water (620 c.c.) were 
refluxed for 20 minutes. The crystalline nitrile (9*0 g. ; 52%) obtained on chilling formed glossy 
needles, m. p. 76°, from ethyl alcohol (Found : N, 8*16. CnHuON requires N, 8*2%). 

p~-p-Chlorobenzoylpropionitrile (II, R ~ ^-ClCgHJ. — ^-Chloro-jS-dimethylaminopropiophenone hydro- 
chloride (124 g.) (Dhont and Wibaut, Rec. Trav. chim,, 1944, 63, 81), potassium cyanide (65 g.), and boil- 
ing water (2600 c.c.) were refluxed together for 30 minutes. On chilling, the oil solidified. It was 
washed, and dissolved in ethyl alcohol. On cooling, the nitrile (16 g., 16*6%) crystallised. It formed 
flat, colourless needles, m. p. 72*5°, from ethyl alcohol (Found : N, 7’36. CjoHjONCl requires N, 7*25%). 
The primary filtrate on prolonged standing gave a second solid (18*0 g.) which was obtained as fine 
white needles, m. p. 115°, from ethyl alcohol (Found: C, 63*35; H, 4*3; N, 3*95; Cl, 19*46. 
CigHigOaNCla requires C, 63*36; H, 4*16; N, 3*9; Cl, 19*7%). Its monophenylhydrazone formed pale 
yellow, feathery needles, m. p. 146 — 148°, from alcohol (Found : N, 8*95. CajHaiONsClg requires 
N, 9*35%). The filtrates from the second crystallisation, on concentration, gave a further crop of 
nitrile (14*4 g.), m. p. 72*5°, so the total yield of the required nitrile was 31*6%. It was readily hydro- 
lysed to j8-/?-chlorobenzoylpropionic acid, m. p. 134° (Skraup and Schwamberger, Annalen, 1928, 462, 
136, give m. p. 134°). 

p-p~Bromobenzoylpropioniirile{il ; R = ^-BrC4H4) . — ^/>-Bromo-j8-dimethylaminopropiophenonehydro- 
chloride (14*6 g.), potassium cyanide (6*5 g.), and boiling water (130 c.c.) were refluxed for 20 minutes. 
On chilling, the oil crystallised. The nitrile (7*2 g. ; 62*5%) formed tiny needles, m. p. 81°, from ethyl 
alcohol (Found : N, 5*66. CjoHjONBr requires N, 5*9%). 

p-p-Bromobenzoylpropionic Acid. — The nitrile (1 g.) was refluxed for 1 hour with concentrated 
hydrochloric acid (10 c.c.), and the acid which crystallised on cooling was dissolved in aqueous sodium 
carbonate, and the solution filtered and acidified. The acid formed colourless needles, m. p. 148°, 
from water (Found : Br, 31*2. CioHgOaBr requires Br, 31*1%). 

^-S-Hydroxybenzoylpropionitrile ; (III ; R=3-OH-CeH4). — ^j8-Dimethylamino-3-hydroxypropiophenone 
hydrochloride (41 g.), potassium cyanide (23*2 g.), and boiling water (900 c.c.) were refluxed for 30 
minutes. The chilled liquor gave on acidification with acetic acid an oil which slowly solidified. It 
crystallised as needles, m. p. 98°, from aqueous alcohol (Found : N, 8*2. CioHjOjN requires N, 8*0%). 
The acid, obtained by refluxing the nitrile (2 g.) with 18% hydrochloric acid (20 c.c.), for 1 hour, formed 
irregular plates, m. p. 146*5°, from water (Found: C, 61*76; H, 6*0. C10H10O4 requires C, 61*85; 

H, 6*16%). 

P-4t<-Hydroxybenzoylpropionitrile (III; R = 4-OH*C«H4). — Prepared as for the 3-isomer, this nitrile 
was precipitated as a crystalline solid on the addition of acetic acid to the reaction mixture. It was 
obtained as colourless, flat needles, m. p. 162°, from a little ethyl alcohol in 59% yield (Found : C, 
68*35; H. 6*36; N, 7*96. CijH,OaN requires C, 68*56; H, 5*15; N, 8*0%). The acid formed colour- 
less needles, m. p. 167°, from hot water. Fieser et al. (J. Amer. Chem. Soc., 1940, 62, 2966) give m. p. 
164—166° (Found : C, 61*55; H, 6*06. Calc, for C10H10O4 ; C, 61*86; H, 6*15%). 

fi-Z-Methoxybenzoylpropionitrile (III; R = 3-MeO*C4H4). — j5-Dimethylamino-3-methoxypropiophen- 
one hydrochloride (12*2 g. ; 0*06 mol.), potassium cyanide (13 g. ; 0*2 mol.), and boiling water (620 c.c.) 
were refluxed for 10 minutes. On chilling, the oil crystallised. It formed colourless needles, m. p. 64°, 
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in 73% yield from methyl alcohol by repeated concentration of the filtrates (Found : N, 7-2. CuHnOtN 
requires N, 7-4%). The acid was obtained on hydrolysis of the nitnh with 18% hydrochloric amd as 

colourless needles, m. p. ICS'’, from water (Found : C, 63-2; H, 5*96. CnHuO. requires C, 63*46; 
H, 6*75%). ** la • 'i » . 

p-4rMethoxybenzoylpropionitHle (III; R = 4-MeO*CeH4).— j8-Dimethylamino-4-methoxypropiophen. 
one hydrochloride (24-36 g. ; 0*1 mol.), obtained in 86% yield by the method given for the unsubstituted 
product {Org. Synth., 23, 31) (cf. Mannich and Lammering, Ber., 1922, 66, 3610), potassium cyanide 
(13-0 g. ; 0-2 mol.), and boiUng water (520 ex.) were refluxed for 20 minutes and chilled. The 
was obtained as glassy needles, m. p. 95®, from ethyl alcohol in 71% yield (Found : C, 69*6 • H 5*7* 
N, 7*66. CiiHij 02N requires C, 69*85; H, 6*8; N, 7*4%). The acid had m. p. 144°, alone, and mixed 
with a specimen prepared from anisole and succinic anhydrido (Poppenberg, Ber., 1901, 84, 6267) 

: 4-Dimeihoxyhenzoylpropionitrile [II, R = (MeO)2C4H3].— )8-Dimethylammo-3 ; 4-dimethoxy- 
propiophenone hydrochloride (21 g.) (Mannich and Lammering, loc. cit.), potassium cyanide (10 g ) 
and boiling water (400 c.c.) were refluxed for 20 minutes. The nitrile (13*3 g., 85%) was obtained as 
glassy needles, m. p. 118°, from ethyl alcohol (Found : N, 6*5. CiaHj^OaN requires N, 6*4%). 

pA-Naphihoylpropionitrile (III; R = l-CjoH,).— l-Naphthyl jg-dimethylaminoethyl ketone hydro- 
chloride (5 g. ; 1 mol.), potassium cyanide (6*0 g.; 4 mols.), and boiling water (200 c.c.) were refluxed 
for 30 minutes. The sohd obtained on chiUing (1*7 g. ; 42*6%) formed tiny needle rosettes, m.p. 113— 
114°, from methyl alcohol (Found : C, 79*8; H, 6*3; N, 6*9. Cj^HnON requires C, 80*4; H, 5*26* 
N, 6*7%). 

P~2-Naphthoylpropionitrilc (III; R « 2-CioH5^.-~2-Naphthyl j3-dimethylaminoethyl ketone hydro- 
chloride (50 g.) (Blicke and Maxwell, /. Amer. Chem. Soc., 1942, 64. 431), potassium cyanide (50 g.), 
and bailing water (1 1.) were refluxed for 30 minutes. The nitrile (15*1 g., 38%), obtained on chilling" 
formed clusters of yellow needles, m. p. 114°, from ethyl alcohol (Found : N, 6*65%). 

2- Furyl p~Dimethylaminoethyl Ketone Cyanohydrin (II; R 2-C4H3O, R' = Me). — 2-Furyl fl-di- 
methylaminoethyl ketone hydrochloride (8*16g. ; 0*04 mol.) (Levvy and Nisbet, 1938, 1065) was dis- 
solved in cold water (5 c.c.), and a solution of potassium cyanide (5*2 g. ; 0*08 mol.) in water (10 c.c.) 
added. Colourless crystals of the cyanohydrin separated. It formed colourless needles, m. p. 46° 
from ligroin (Found: C, 62*2; H. 7*2; N.'14*3. C10H14O2N2 requires C, 62*0 ; H, 7*2; N, 14*46%). 

p-2-Furoylpropionitrile (III ; R 2-C4H3O), — 2-Furyl y8-dimethylaminoethyl ketone hydrochloride 
(81*6 g. ; 0-4 mol.), potassium cyanide (62 g. ; 0*8 mol.), and boiling water (2860 c.c.) were refluxed for 
30 minutes, and the clear orange liquor was cooled and extracted 4 times with chloroform (100 c.c.). 
The dried (NaaS04) extract was freed from chloroform to give a brown oil (32 g. ; 67%) which crystal- 
lised completely. It formed colourless needles, m. p. 74 — 76°, from ethyl alcohol after treatment 
with charcoal (Found : C, 64*65; H, 4*66; N, 9*46. CgHyOgN requires C, 64*6; H, 4*7; N. 9*4%). 

^‘2-Furoylpropionic Acid (IV). — The nitrile (2 g.) was refluxed for 1 hour with 18% hydrochloric 
acid (20 c.e.), charcoal was added, and after a further 10 mins.’ refluxing the liquor was diluted with 
water (50 c.c.), filtered, and the light yellow solution concentrated. The acid (2*1 g., 93%) separated 
as yellow grains. It had m. p. 116° and was pure. On recrystallising from hot water it was obtained 
as almost colourless, glistening flakes, m. p. 116°, lowered to 106° with previous softening on repeated 
crystallisation (Found : C, 57*25; H, 4*76. CjH804 requires C, 67*16 ; H, 4*75%). 

The acid (2 g.) was boiled for 15 minutes with 10% ethyl-alcoholic sulphuric acid (10 c.c.), cooled, 
and poured into water. The precipitated oil crystallised rapidly. The ethyl ester formed glistening." 
colourless plates, m. p. 52 — 53°, from aqueous alcohol (Found : C, 61*06; H, 5*95. C,nH,oO^ requires 
C, 61*2; H, 6*1%). ^ 

3- Keto-3-(2'-furyl)’2 : 3 : 4^ : 6-teirahydropyridazine (V).— /5-2-Furoylpropionic acid (1*68 g. ; 0*01 
mol.), aqueous hydrazine hydrate (1 c.c. of 86%), and ethyl alcohol (6 c.c.) were refluxed for 1 hour, 
then diluted with water (100 c.c.). The pyridazone which separated formed yellow, glassy needles 
m. p. 146°, from ethyl alcohol (Found : C, 68*8; H, 4*7; N, 17*0. CgHgOaNg requil es C, 68*66 ; H, 4*9" 
N. 17-1%). 


p-2-Thienoylpropionitrile (III; R = 2-C4H8S). — 2-Thienyl j8*dimethylaminoethyl ketone hydro- 
chloride (2*2 g.; 0-01 mol.) (Blicke and Burckhalter. J. Amer.Chem. Soc., 1942, 64, 453), potassium 
cyanide (1*3 g.; 0*02 mol.), and boiling water (52 c.c.) were heated under reflux for 20 minutes. On 
cooling, the nitrile (07% yield) crystallised. It formed colourless needles, m. p. 66°, from benzene- 
light petroleum (Found : N, 8*4; S, 19*2. CgHaONS requires N, 8*6; S, 19*46%). The acid, obtained 
on hydrolysis of the nitrile, formed flat needles, m, p. 120°, alone, and mixed with a specimen prepared 
from thiophen and succinic anhydride (Fieser and Kenelly, /. Amer. Chem. Soc., 1936, 57, 1616) (Found ; 
S, 17-3. Calc, for CgH^OaS : S. 17*4%). ' 

2-Benzfuryl p-Cyanoethyl Ketone (VI). — 2-Benzfuryl j5-dimethylaminoethyl ketone hydrochloride 
(5*07 g.), potassium cyanide (5*2 g.), and boiling water (130 cx.) were refluxed for 10 minutes. The 
hot aqueous layer was decanted from an oil which thickened on chilling. The chilled aqueous layer 
deposited a mass of crystals which formed colourless needles, m. p. 110 — 111°, after repeated recrystal- 
lisation from methyl alcohol, in 21% yield. The oil was not investigated further (Found : N, 6*9. 
CiaHjOgN requires N, 7-05%). The acid formed faintly yellow needles, m, p. 148°, from hot water 
(Found: C, 65*76; H, 4*65. C12H10O4 requires C, 66*06; H, 4*6%). 

Chloroimide from p-Benzoylpropionitrile (VIII). — The nitrile (10 g.) and dry benzene (60 c.c.) were 
cooled in ice, and a rapid stream of dry hydrogen chloride passed into the suspension. The solid dis- 
solved, and crystals soon commenced to separate. After 30 minutes the solid was collected, washed 
with dry ether, and dried rapidly in a vacuum. The chloroimide salt (7*2 g.) formed pale yellow leaflets, 
m. p. 99° (efferv.) (Found, for the freshly prepared substance : C, 52*0; H, 4*95; K, 6*36; Cl, 29*6. 
^loWiiONCla requires C, 51*76; H, 4-76; N, 6*06; Cl, 30*66%). On standing over aqueous potassium 
hydroxide for 14 days the original nitrile, m. p. 76°, was recovered. 

Ethyl p-Benzoylpropimino-^ther Hydrochloride (VII),— (d) The nitrile (25 g.) was suspended in ethyl 
alcohol (60 c.c.), and a rapid stream of dry hydrogen chloride was passed into the suspmision cooled 
in ice. The temperature rose to 40°, the solid dissolved, and a de^ yellow colour developed. When 
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saturated, the solution was left to stand for 1 hour, and the salt was precipitated by addition of dry 
ether. It formed colourless needles, m. p. 130°, in 60% yield after recrystallisation from cold ethyl 
alcohol-ether. The yield was not improved by keeping the reaction temperature below 10° (Found : 
C, 68*96; H, 6*7; N, 6*96; Cl, 14-66. CuHjeOaNCl requires C, 69-6 ; H, 6*66; N, 6*8; Cl, 14*7%). 

(6) The chloroimide hydrochloride (VIII) was dissolved in a minimum of hot ethyl alcohol, chilled 
immediately, and (VII) precipitated as colourless needles, m. p. 130°, by the addition of ether. 

The base was obtained as an oil on adding aqueous sodium carbonate to an aqueous solution of the 
salt. It solidified rapidly and was obtained as colourless, glassy crystals, m. p. 60°, from light petroleum. 
The crystals turned magenta on keeping (Found: C, 70-4; H, 7*2; N, 7-05. CiaHigOgN requires 
C, 70*6; H, 7*2; N, 6*86o/^). 

Methyl p-BenzoylpYOpimino-ether Hydrochloride, — This salt was obtained from (VIII), in the same 
way as the ethyl homologue, by using methyl alcohol as solvent. It formed colourless needles, m. p. 
127°, from methyl alcohol-ether (Found : Cl, 15*65. CHH14O2NCI requires Cl, 15*6%). 

Ethyl p-^-Methoxyhenzoylpropimino-ether Hydrochloride, — ^-4-Methoxybenzoylpropionitrile (6 g.) and 
ethyl alcohol (10 c.c.) were treated with dry hydrogen chloride whilst cooling in ice. Precii:>itation of 
the salt commenced after a short time and was completed by addition of dry ether. It (6*5 g., 77%) 
was dissolved in absolute alcohol, the solution saturated with hydrogen chloride, and the salt repre- 
cipitated by ether. It formed colourless needles, m. p. 133“ (efiervescence) (Found : Cl, 12*1. 
CxjHigOaNCl requires Cl, 13*1%). On dissolving the salt in alcohol containing 1% water, p-^methoxy- 
henzoyipropionamide separated. It formed glistening plates or flat needles, m. p. 136°, from ethyl 
alcohol (Found : C, 63*96; H, 6*2; N, 6*65. CnH^OgN requires C, 63-76 ; H, 6-35; N, 6-76%). 

p-^Hydroxyhenzoylpropionamide, — The imino-ether hydrochloride prepared analogously from )8-4- 
hydroxybenzoylpropionitrile was dissolved in ethyl alcohol containing 1% of water, and on cooling the 
amide separated. It formed colourless irregular crystals, m. p. 218° (blue at 210°), from ethyl alcohol 
(bluish solution) (Found : N, 7-8. CioHnOaN requires N, 7*5%). 

Decomposition of (VII). — (a) The hydrochloride (Vll) (3-9 g.) was refluxed in absolute alcohol 
(20 c.c.) for 30 minutes. The solution turned orange, and ammonium chloride (0-4 g.) separated. On 
concentration a further crop (0-2 g.) separated. This represented 70% of the total nitrogen. The 
residue gave an oil on dilution with water, which solidified almost completely. It formed long, orange 
needles, m. p. 150° (0-6 g.), from ethyl alcohol (Found : C, 76-0; H, 6-1 ; N, 4-9%). 

(6) The same hydrochloride (10 g.) was dissolved in concentrated hydrochloric acid (10 c.c.) and 
water (20 c.c.), and warmed on the steam-bath. The oil which slowly separated was taken up in ether, 
dried, and distilled. It (7-6 g.) had b. p. 165°, and was ethyl j8-benzoylpropionate (Found : C, 69-6; 
H, 7-0. Calc, for 01211,403 : C, 70-0; H, 6-8%). 

‘^-P-Benzoylpropionylacetamide (IX). — Ethyl /3-benzoylpropimino-etlier (1 g.) and acetic anhydride 
- (10 c.c.) were heated for 2 hours on the steam-bath. On decomposition with water, an oil was obtained 
which partly crystallised. It formed colourless, silky needles, m. p. 139 — 140°, from ethyl alcohol 
(Found: C, 65*9; H, 6*0; N, 6-3. CjaHjaCgN requires C, 65-75; H, 5-95; N, 6-4%). 

Bis-3-{2’ethoxy~B-phenylpyrrole)methin Hydrochloride (X; n — 0). — Ethyl j5-benzoylpropimino-ether 
hydrochloride (4*83 g. ; 0-02 mol.), ethyl orthoformate (5-92 g. ; 0-04 mol.), and 99% ethyl alcohol 
(10 c.c.) were refluxed for 16 minutes, by which time the whole had solidified to a mass of red needles. 
From ethyl alcohol this formed bright red needles, m. p. 175 — 176°, turning bronze on contact with air 
(Found: C. 71-2; H, 6-9; N, 6-95; Cl, 8-66. CjBHjsOaNaCl requires C, 71-5; H, 5-95; K, 6-65; 
Cl, 8-46%). Its absorption maximum in methyl alcohol lies at 4700 a. After standing in contact with 
moist air for 48 hours it shows no absorption peak. Its sodium hydroxide- methyl alcohol solution 
also give a maximum absorption at 4700 a. and an absori)tion curve almost identical with that of the 
freshly prepared dye in neutral or acid solution. The mother-liquor, freed from dye^ deposited yellow 
needles, m. p. 160°, identical with the product obtained by heating the starting material in ethyl 
alcohol. 

Bis-Z-{2-‘methoxy-B-phenylpyrrole)methin Hydrochloride. — Prepared in the same -way as the ethoxy- 
analogue, but with methyl alcohol as solvent, the dye formed red needles, m. p. 176° (for the freshly 
prepared substance; 163 — 164°, after standing in air for 1 hour), on recrystallisation from methyl 
alcohol (Found : Cl, 9-0. C2,H2iO,NaCl requires Cl, 9-05%). 

Bis-Z-{2-ethoxy-B-^'-methoxyphenylpyrrole)methin Hydrochloride, — Ethyl /5-4-methoxybenzoylprop- 
imino-ether hydrochloride (2-7 g.), ethyl orthoformate (3-0 g.), and ethyl alcohol (25 c.c.) were refluxed 
for 30 minutes. The red solution had, by this time, become brown, owing to complete crystalUsation 
of the dye. It is very insoluble and was purified by boiling with «-butyl alcohol for 15 minutes 
and collecting whilst hot. It formed green crystals, m. p. 266° (Found : N, 6-06 ; Cl, 7-65. C27Hg904N2Cl 
requires N, 6-8; Cl, 7-35%). 

Bis~3‘{2-ethoxy-6-phenylpyrrole)trimethin Hydrochloride (X; n = 1). — Ethyl j5-benzoylpropimino- 
ether hydrochloride (2-4 g. ; 2 mols.), jl?-ethoxyacraldehyde acetal (0*8 g. ; 1 mol.), and ethyl alcohol 
(10 c.c.) were refluxed for 10 minutes. The blue solution had then deposited crystals of the dye. They 
(0*4 g.) were collected after cooling and obtained as green crystals, m. p. 162°, from ethyl alcohol (Found ; 
C, 72-66; H, 6-06; N, 6-0; Cl, 7*55. C,7H2702NeCl requires C, 72*65; H, 6-05; N, 6*25; Cl, 7-95%). 
In moist methyl alcohol the dye shows a maximum absorption at 4760 — 4800 a. ; in methyl alcohol 
containing a little concentrated hydrochloric acid the maximum lies at 6050 a.; in methyl alcohol 
containing a little aqueous sodium h)’droxide the maximum is also at 6060 a. but fades rapidly. 

Research Laboratory, Kodak Limited, 

Wealdstone, Middlesex. 
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225. ^-Gycloyl'profionitrUea. Part II. Conversion into Bis-2- 
{5-cyclylpyrrole)azainethin Salts. 

By Edward B. Knott. 

The blue dyes obtained by heating )3-cycloylpropionitriles with hydroxylamine salts are 
sails of bis-2-(5-cyclylpyrrole)azamethin (II; R = cyclyl, R' ~ H). One of the dyes (II; 

R = Ph, R' = H) was also prepared from a-cyano-jS-benzoylpropionic acid and hydroxylamine 
hydrochloride. Bis-2-(3 : 5"diphenylpyrrole)a2amethin (II; R == R' = Ph) (Rogers, 1943, 

590) was prepared similarly from jS-benzoyl-a-phenylpropionitrile. The new dyes exhibit 
remarkable colour reactions with concentrated sulphuric acid. 

The remarkable stability of the 2-bis-(3 : 6-diarylpyTrole)azamethins (II; R = R' = aryl), 
discovered by Rogers {loc. cii.; B.P, 544,101) and less accurately named 2 : 2' : 4 : 4'-tetra- 
aryldipyrroazamethins by him, prompted the search for similarly constituted products, simpler 
in nature and of higher general solubility. 



One of the methods employed by Rogers for the preparation of the above dyes consisted 
in heating p-aroyl-a*arylpropionitriles (I ; R, R' = aryl) with ammonium formate in the 
presence of air, whilst Davies and Rogers {/., 1944, 126) heated the same nitriles with form- 
amide to obtain formylated 2-amino-3 : 5-diarylpyrroles, which can be used as intermediates 
for the above dyes. Although Rogers had not treated the simple p-aroylpropionitriles (I ; 
R = aryl, R' == H) with either reagent in the expectation of obtaining dyes (II ; R = aryl, 
R' = H), he had found that y-nitrobutyrophenone gave no dye of this type under conditions 
which, when applied to y-nitro-p-arylbutyrophenones, gave good yields of dye (II ; R, R' = 
aryl). 

Since a variety of p-cycloylpropionitriles were readily available by the method described in 
Part I (preceding paper), an investigation of their possible use as intermediates was undertaken. 

On heating p-benzoylpropionitrile with ammonium formate in the presence of air at various 
temperatures, no trace of dye formation could be observed, nor could any formylated 2-amino- 
5-phenylpyrrole be isolated from a formamide melt. These negative results thus fell into line 
with the behaviour of y-uitrobutyrophenone (Rogers, loc. cit,). It appeared, therefore, that 
dye formation required, not only a p-aroyl group in the starting nitrile (where R = Me, R' = 
aryl, no dye was formed; Rogers, loc. cit., p. 695), but also an a-substituent (aryl?). 

It is known, however (Biedermann, Ber., 1891, 24, 4071; Tiemann, ibid., p. 4077), that 
p-benzoylpropionamide (III ; R = Ph) shows a tendency^ on fusion or dissolution to give a 
blue coloration, and this was also observed (see Part I) on melting or recrystallising p-^-hydroxy- 
benzoylpropionamide. It was also noticed that, in attempting to form the amidine from 
ethyl p-benzoylpropimino-ether hydrochloride (iV ; R = Ph) by solution in alcoholic ammonia 
and also on boiling (IV) with aqueous ammonia, a blue colour developed. There seemed, there- 
fore, the possibility that this colour could be attributed to the formation of dyes of type (II ; 
R' = H). 


(III.) 


R*c:o CO 



R-CO 60Et 

^ pv.; 

NH.HCl 


It is also known (Klobb, Ann. Chim. Phys., 1897, 10, 184; Bougault, ibid., 1908, 15, 604) 
that a-cyano-p-benzoylpropionic acid (I ; R =« Ph, R' = COgH) gives a blue dye on evaporation 
of solutions of its salts or on acidification of an alkaline solution of the acid which has been 
in contact with air. Klobb also reported that the dye could be sublimed with some decom- 
position, the vapours being red. This stability to heat is possessed to a greater degree by 
Rogers’s dyes. It seemed therefore possible that this dye also might belong to type (II), in 
which R' is a carboxyl group. 

Attempts to prepare and purify the dyes from (III) or (IV) in sufficient quantities for 
analysis were unsuccessful, but the dye from (I ; R = Ph, R' =s COjH) was obtained in a 
small amount. It was insoluble in strong alkalis, but dissolved in concentrated sulphuric 
acid to give a pale yellow-green solution which gave blue flocks on pouring into water. In 
aqueous pyridine it was decolorised by sodium dithionite. It was almost insoluble in most 
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solvents but dissolved in nitrobenzene or pyridine giving a magenta solution . Analysis suggested 
the formula C 20 H 14 O 2 N 2 wliich rules out the possibility of its belonging to the dipyrroazamethin 
class of dye. It is also readily prepared in low yield from p-benzoylpropionamide by a diJBEerent 
method, and the proposed structure and mechanism of formation are discussed later. The 
non-identity of these dyes with dipyrroazamethins was disappointing, and work on the prepar- 
ation of (II ; R' == H) was about to be abandoned when, by chance, an unusual reaction was 
observed. Whilst engaged on the preparation of various derivatives of the p-aroylpropio- 
nitriles (I ; R' — H) for their characterisation, difficulty was encountered in the formation of 
their oximes. Thus, (3-benzoylpropionitrile (I ; R = Ph, R' = H) failed to give an oxime 
with either hydroxylamine acetate or the base itself on refluxing in ethyl alcohol, most of the 
original nitrile being recovered unchanged. On refluxing an alcoholic solution of the nitrile 
with hydroxylamine hydrochloride, however, the mixture darkened and a brilliant blue color- 
ation developed. When a large excess of the hydroxylamine salt was employed the dye 
crystallised during the refluxing, giving an almost solid mass of needles. The dye was slightly 
soluble in boiling water, the solution giving an immediate precipitation of silver chloride on 
addition of silver nitrate. It was soluble in alcohols, acetone, and pyridine. Analysis sug- 
gested the formula C 2 oHi 5 Na, 2 HCl. Its alcoholic solution when poured into water gave magenta 
flocks soluble in alcohol to a blue solution and which on purification gave a second blue dye 
of the formula CaoHigNj.HCl. Attempts to isolate the base were fruitless since, although it 
had some stability in solution, it readily decomposed on attempted isolation. The dye salts 
were very stable to boiling concentrated hydrochloric acid, dissolved in concentrated sulphuric 
acid to give a blue solution, and were reduced to a colourless leuco-compound by sodium 
dithionite. The leuco-compound was reoxidised by aerial oxygen to a blue dye. The salts 
did not sublime on heating under reduced pressure. Apart from the last property (which 
might be expected of the salts) the behaviour of these dyes is similar to that of Rogers’s dye 
(II; R = R' =: Ph), and the analysis agrees well with their being the dihydrochloride and 
monohydrochloride of bis-2-(5-phenylpyTrole)azamethin (II; R = Ph, R' = H). Degradation 
experiments with hydriodic acid, and with an acetic anhydride-sodium acetate mixture which 
discharged the colour, did not lead to any definite products. Rogers [loc. cit.) proved the 
constitution of his dyes by an alternative synthesis which consisted in the condensation of 
3 : 6 -diphenylpyrrole with 2-nitroso-3 : 5-diphcnylpyrrole. Nitrosation of 2 -phenylpyrrole, 
however, either with nitrous acid or with alkaline amyl nitrite, failed to give a pure nitroso- 
derivative. The dark green solid obtained when employing nitrous acud gave a magenta dye 
on heating with 2 -phenylpyrrole in acetic anhydride-acetic acid mixtures but not in sufficient 
quantities for isolation. Since 2-phenylp>Trrole is readily converted into a magenta dye in 
the presence of mineral acids and acetic anhydride, it is possible that the green solid causes 
dye formation by virtue of its being a hydrochloride. Alternatively, if nitrosation occurs in 
the p-position, as is usual with pyrroles (cf. Fischer and Orth, “ Die Chemie des Pyrrols,” 
Vol. I, p. 104), the interaction of 4-nitroso-2-phenylpyrrole hydrochloride with 2 -phenylpyrrole 
might well lead to a magenta dye. The structure of the dye was proved beyond reasonable 
doubt, however, by obtaining analogously bis-2-(3 : 5-dii)heiiylpyrrole)azamethin (II ; R, R' = Ph) 
from p-benzoyl-a-phenylpropionitrile and hydroxy lamine hydrochloride. The reaction pro- 
ceeded best in boiling butanol to give the unstable dye salt, or in ethylene glycol at 120 ” to 
give the dye base. It was also found to proceed rapidly to give a low yield of dye on using 
formamide as solvent. The salt rapidly lost hydrogen chloride on contact with the atmo- 
sphere. The base had all the properties of the dye prepared according to Rogers (loc. cit.) 
and analysis confirmed the identity. 

The instability of the new dye base may explain the non-formation of dye on heating 
y-nitrobutyrophenone and ammonium formate (Rogers, loc. cit.), although further attempts 
at dye formation by this reaction in the presence of salts such as ammonium chloride or 
hydroxylamine hydrochloride also failed. 

p-Benzoylpropionitrile and hydroxylamine sulphate gave bis-2-{6’-phenylpyrrole)azamethin 
sulphate. 

The reaction was then applied to a variety of p-cycloylpropionitriles in order to determine 
its scope. In every case p-aroylpropionitriles gave the required dye. p-2-Thienoylpropio- 
nitrile (I ; R = 2 -C 4 H 3 S, R' = H) gave the corresponding dye in low yield, but p- 2 -furoyl- 
propionitrile and 2 -benzfuryl 2 -cyanoethyl ketone gave only brown solutions on similar 
treatment. 

On heating a-cyano-p-benzoylpropionic acid (I ; R = Ph, R' = COgH) with alcoholic 
hydroxylamine hydrochloride a blue, alkali-insoluble dye resulted. Its analysis, and physical 
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and chemical properties, showed that it was identical with the dye obtained from p-benzoyl- 
propionitrile. The loss of carbon dioxide took place before dye formation occurred, a copious 
evolution being observed on heating the reactants at 95® in butenol. It is possible that the 
substituted pyrrole-p-carboxylic acid which may be an intermediate in the dye formation, 
like other such acids, is readily decarboxylated (cf. Ciamician, Ber., 1880, 13, 2236; 1881, 14 , 
1054). 

The mechanism of the reaction is obscure, since no intermediates could be isolated. The 
first stage reaction could take place in two ways, either by oxime formation (V), or by hydroxyl- 
amine addition to the nitrile group to give an amidoxime (VI). At this stage, cyclisation in 
two ways might occur to give either 2-amino- 1-hydroxy -6- R-pyrrole (VII) or 2-hydroxyl- 
amino- 5- R-pyrrole (VIII) hydrochlorides. 


K-C CN 

NOlI 

(V.) 

Ha^ 

RlQ)NH,.Ha 

OH 

(VII.) 





t 



(1 ; R' H) 


CH,-CH. 

R-co c:noh 

(yi.) 


r([^NH‘OH.HC1 




H 

(vni.) 


Oxime formation would appear to be the natural step, but it is significant that under no 
conditions could an oxime be isolated. It is well known (Nordmann, Ber,, 1884, 17, 2747; 
Tiemann, Ber,, 1884, 17, 126, 1686; 1886, 19, 1476; 1889, 22, 2391, 2942, etc.) that aliphatic 
nitriles, particularly those which are also readily hydrolysable, react with hydroxylamine or 
its salts to yield amidoximes. Thus the formation of (VI) is quite feasible, although under 
conditions used by Tiemann no product could be isolated. 

There are no indications of the second-stage reaction, although it is known that y-diketones 
will react with hydroxylamine to give substances analogous to (VII) (Knorr, Annalen, 1886, 
286, 296). It is also known that hydroxylamine will react with 1 : 3-dicyanopropane (Tiemann, 
Ber., 1889, 22, 2945; Biedermann, ibid,, p. 2967) or o-cyanobenzyl cyanide (Eichelbaum, 
ibid., p. 2973) to give substances which are not the expected amidoximes, as they are insoluble 
in alkali. It is possible that cyclisation occurred, not as proposed by the above authors, but 
so as to give a dihydropyridine (IX) and an isuquinoline (X). 


CHg 



Ha 

CHa 


(pila tjdljj 

CN CINOIl 


\c:noh — 

^>CN 



(IX.) ■ 


(X.) 


Such ring closures would then be analogous to the formation of (VIII). The third-stage 
reaction could proceed from either (VII) or (VIII) by addition of a further nitrile molecule 
followed by cyclisation and elimination of water to give the dye. 



(XII.) 
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The precipitation of the dihydrochloride, which is more soluble in alcohol than the mono- 
hydrochloride, is difficult to explain, since it is unlikely that the dye is a stronger base than 
hydroxylamine. 

Rogers (loc. cit.) found that 2-amino-3 : 5-diphenylpyrrole is readily oxidised to the azamethin, 
but such a mechanism for dye formation cannot be applied here, since no oxygen is present. 
He found also that 2-nitroso-3 : 5-diphenylpyrrole gives the azamethin on heating, and it is 
possible that (VIII) may also undergo self-condensation with the elimination of water and 
hydroxylamine. 

All the dye salts gave similar blue solutions in organic solvents but differed in colour in 
the crystalline state. Striking differences, however, were shown in their behaviour towards 
concentrated sulphuric acid. The different colours given in hot and cold sulphuric acid and 
on precipitating the dye from the latter with water allow the identification of nearly all the 
dyes so far prepared (see Table I). 

Table I. 


II. 

R' = H, R = 

Phenyl 

p-To\y\ 

jE>-Chlorophenyl 

^-Bromophenyl 

^-Hydroxyphenyl 

/^-Methoxyphenyl .... 
m-Hydroxyphenyl 
m-Methoxyphenyl 
3 : 4-Dimethoxyphenyl 

1- Naphthyl 

2- Naphthyl 

2-Thienyl 

R = R' = Phenyl .... 


Addition to 

Cold H 2 SO 4 . water. 


Hot HgSO*. 


Blue * 

Magenta 

Green 

Blue 

Blue 

Blue 

Blue 

Blue 

Orange 

Magenta 

Orange 

Blue-green 

Purple 

Magenta 

Purple - 

— >“ blue Magenta 

Orange 

Blue 

Yellow - 

— >- purple — >- blue Blue 

Green 

», ,, Blue 

Blue 

Blue 

Blue 


♦ Sulphate gave green solution. 


Green — >- yellow 

Yellow — brown 

Green — y yellow — y brown 

Yellow — > ■ red-yellow 

Red 

Red 

Blue — y yellow 

Blue >- yellow 

Brown — >- red — >• brown 
Blue — > green — y yellow 

Red — y yellow 
Green — >- yellow 


As stated above, the dye obtained by Klobb from a-c)’'ano-p-benzoylpropionic acid does 
not belong to the azamethin class. Apart from the analysis figures, the pale colour it gives 
in concentrated sulphuric acid is quite different from the deep colours given by (II). An 
alternative synthesis was found whilst experimenting with p-benzoylpropionamide with a 
view to the preparation of the dye observed on fusing the lattei . Whereas alcoholic hydroxyl- 
amine salts did not give any dye on refluxing them with the amide, yet on replacing the alcohol 
by formamide and heating to 120° the latter reacted suddenly with the hydroxylamine hydro- 
chloride (shown by separate experiment) with the evolution of ammonia, probably due to the 
formation of a hydroxamic acid (cf. Hofimann, Ber., 1889, 22, 2854), and a secondary reaction 
caused the separation of a crystalline dye. The same dye was formed in very small amounts 
when the hydroxylamine hydrochloride was omitted. The dye had all the properties of Klobb 's 
dye and analysis confirmed the identity. 

Insufficient data have been collected on the dye to prove its structure, but it is suggested 
that it belongs to the f^oindigotin class (cf. Wahl and Bagnard, Bull. Sac. chim., 1909, 5, 1039; 



1914, 15, 329). Analysis agrees with its being biS‘Z^(2-keio-^phenyl-2 : ^-dihydropyrrolylidene) 
(XIII), Its formation from (I; R = Ph, R' — COjH) can be explained by hydrolysis by 
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alkali to the amide, followed by cyclisation, decarboxylation, and oxidation, or by decarboxyl- 
ation, oxidation, and cyclisation as shown. The hydroxylamine salt-formamide process 
involves oxidation at one stage and it is not clear how this takes place. 

The same dye is also readily formed from p-benzoylpropionamide, acetamide, and hydroxyl- 
amine hydrochloride, and the p-benzoylpropionamide may be replaced by the acid or ester, 
Laevulic acid did not give any dye under similar conditions. 

Experimental. 

(Microanalyses are by Drs. Weiler and Strauss, Oxford ; m. p.s are uncorrected.) 

Bis-2-{6-phenylpyvrole)azamethin Dihydrochloride. — (a) /?-Benzoylpropionitrile (15*9 g., 0-1 mol.), 
hydroxylamine hydrochloride (28 g., 0*4 mol.), and industrial methylated spirit (160 c.c.) were refluxed 
for 2 hours. After the semi-solid reaction mixture had cooled, the dye was collected and washed well 
with acetone. The yield of crude solid (16-2 g.) was 87*7%. The filtrate gave hydroxylamine hydro- 
chloride (lOT g.) on concentration. If boiling butanol is used as the solvent a magenta dye is also 
formed. It is readily removed, however, by washing with acetone. The dye, recrystallised from 
pyridine, formed purple needles of no definite m. p. (Found: C, 64*4; H, 5*05; N, 11*2; Cl, 20*2. 
C20H17N3CI2 requires C, 64*86; H, 4*6; N, 11*36; Cl, 19*16%). The monohydrochloride was obtained 
as short needles from butanol or pyridine by pouring an alcoholic solution of the dihydrochloride into 
water (Found: C, 71*73; H, 4*8; N, 12*5; Cl, 10*6. CjoHieNaCl requires C, 71*96 ; H, 4*8; N, 12*6; 
Cl, 10*65%). The sulphate, obtained in low yield (37%) from the nitrile and hydroxylamine sulphate, 
was very insoluble in most organic solvents. It was obtained as small bronze needles (Found : N, 10*6. 
CaoHi^OiNgS requires N, 10*66%). 

(h) a-Cyano-^-benzoylpropionic acid hydrate (2*2 g., 0*01 mol.), hydroxylamine hydrochloride 
(1*4 g., 0*02 mol.), and industrial methylated spirit (10 c.c.) were refluxed for 90 minutes. The dye 
(1*0 g., 64%) was collected after cooling and recrystallised from pyridine. It formed alkali-insoluble 
purple needles (Found : C, 64*26; H, 6*0; N, 11*5%). 

i?ts-2-(3 : 5-diphenylpyrrole)a?amethin. — (a) )3-Benzoyl-a-phenylpropionitrile (4*7 g., 0*02 mol.), 
hydroxylamine hydrochloride (T4 g., 0*02 mol.), and ethylene glycol (20 c.c.) were heated at 120® in 
an oil-bath for 2 hours. The dye separated as coppery crystals. These were collected when cold, and 
recrystallised from nitrobenzene forming short needles (0*3 g., 6*7%), m. p. 286® (Found: C, 84*9; 
H, 6*05 ; N, 9*5. Calc, for CjaHaaNg : C, 86*6 ; H, 6*1 ; N, 9*4%). (6) With the same procedure as in 

{a) but using «-butyl alcohol (20 c.c.) as solvent and refluxing for 2 hours, the deep blue solution 
deposited the dye salt on chilling. The purple solid rapidly acquired a coppery sheen on standing in 
the atmosphere, owing to hydrolysis to the base (m. p. 286®) (1*2 g. ; 26*7%). (c) The nitrile (4*7 g.), 

hydroxylamine hydrochloride (T4 g.), and formamide (20 c.c.) w'ere placed m an oil-bath at 120®. The 
temperature of the mixture rose to 90°, then with evolution of gas the temperature rose to 160® and 
the dye separated. It (0*8 g., 17*8%) was collected after dilution with alcohol, ground with alcohol, 
and washed with alcohol and water. It had m. p. 286° and was identical with the sample prepared 
according to (a). 


Table II. 

II ; R' = H, Yield, Analysis, %. 

R = %. Solvent. Crystal form. Formula. Found. Requires. 

/?-Tolyl 49*8 Acetic acid Short bronze needles C^sHjiNaClj N, 10*4 10*55 

^-Bromophcnyl 4T5 Acetic acid Short gold-green CgoHjsNgClgBrj N, 7*5 7*95 

needles 

/)-Chlorophenyl 55 Acetic acid Fine purple needles CaoHi3N8Cl4 N, 9*5 9*6 

/>-Hydroxyi^henyl ♦ — Pyridine Short green needles C20H.7O0N3CI2 C, 60*05 59*7 

H, 4*2 4*25 

N, 10*9 10*45 

Cl, 17*1 17*66 

^-Methoxyphenyl ... 57 Pyridine Short copperv C^oHgiOgNjCla C, 60*66 61*4 

needles ^ H, 5*3 4*9 

N. 9*55 9*75 

Cl, 16*15 16*5 

m-Hydroxyphenyl f ... 40 Pyridine Short green needles C20H17O2N3CI2 N, 10*65 10*46 

jw-Methoxyphenyl ... 46*5 Acetic acid Short coppery CggHaiOgNgCla N, 9*46 9*76 

needles 

3 ; 4-Dimethox>q)henyl 52 Pyridine Coppery needles C24H2604NaCl2 N, 8*6 8*65 

1- Naphthyl 44*5 Pyridine Purple threads CagHgiNgCla . C, 71*66 71*6 

. H, 4*66 4*46 

N, 9*16 8*95 

2- Naphthyl 37 Pyridine Purple needles CasHgiNaClg N, 9*2 8*95 

2-Thienyl 23 Acetic acid Short green needles C^HiaNaSgClj N, 10*46 11*0 

S, 16*36 16*8 


* Soluble in alkali to green solution. t Soluble in alkali to blue solution. 

Hydroxylamine Hydrochloride and p-Bemoylpropionamide. — The amide (7*08 g., 0*04 mol.), hydroxyl- 
amine hydrochloride (2*8 g., 0*04 mol.), and formamide (20 c.c.) were placed in an oil-bath at 120®. 
After a while the evolution of gas commenced and the dye separated rapidly. After 6 minutes the 
melt was diluted with alcohol, and the dye collected, and washed with alcohol until the washings were 
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colourless. It (0-6 g.) formed brassy, irregular plates from pyridine, in which it gives a magenta solution. 
It sublimed with some decomposition, giving red vapours. It was readily decolorised in pyridine 
solution with aqueous sodium dithionite (Found : C, 76-7; H, 4*6; N, 9*0. CaoHi^OaNa requires C. 
76*46; H,4-45; N, 8*9%). 

Research Laboratory, Kodak, Ltd., 

Wealdstone, Middlesex, [Received, November 28/A, 1946.] 


226. The Photochemical Polymerisation of Vinyl Acetate Vapoiir. 

By H. W. Melville and R. F. Tuckett. 

The kinetics of the polymerisation of vinjd acetate vapour under the influence of ultra- 
violet light of wave-lengths greater than 2500 a. have been investigated. Shorter wave- 
lengths cause decomposition of the molecule into products which inhibit the polymerisation. 

At high enough pressures the rate of polymerisation is proportional to the first power of the 
concentration of vinyl acetate and to the square root of intensity of the incident light. At pres- 
sures of about 20 mm. the rate falls ofi very rapidly and becomes immeasurably slow at lower 
pressures, e.g., 15 mm. This phenomenon is apparently due to the fact that the photo-excited 
vinyl acetate molecule can lose its energy before another molecule of monomer can add on. 

This hypothesis is reinforced by the effect of other added gases. Quite small amounts of 
oxygen and of butadiene retard the reaction by terminating the growing chain. Amounts of 
inert gases like helium, argon, and hydrogen comparable with the amount of vinyl acetate 
also retard the polymerisation but these gases function, not by stopping growing chains, but 
by deactivating by collision the photo-excited vinyl acetate molecule. 

This paper is a continuation of the work on the s^^stematic examination of polymerisation 
reactions in the vapour phase. In practically every examjfle of a vinyl derivative that readily 
polymerises. in the vapour phase a number of unkiue observations have been made which have 
helped in elucidating the kinetics of such reactions. As will be seen below, the vinyl acetate 
reaction is no exception. As with methyl methacrylate and chloroprene, it happens that there 
are two distinct mechanisms whereby macromolccules are formed, and it turns out that it is 
easy to separate the two modes of polymerisation. Apart from these considerations, however, 
the polymerisation of vinyl acetate has been studied in the liquid phase, peroxide catalysts 
(Cuthbertson, Gee, and Rideal, Proc. Roy. Soc., 1939, A, 170 , 300; Blaikie and Crozier, Ind. 
Eng. Chem., 1930, 28 , 1155; Skirrow, British Plastics, 1939, 10 , 410, 507; Starkweather and 
Taylor, J. Amer. Chem. Soc., 1930, 32 , 4708) and ultra-violet radiation (Taylor and Vernon, 
ibid., 1931, 53 , 2527) being used. The results of these investigations are not sufficiently 
comprehensive to enable a decision to be made as to whether the mechanisms in the liquid 
phase are the same for photo- and peroxide-catalysed reactions : nor is it possible to say whether 
the mechanism in the gas phase is kinetically similar to that in the liquid phase. 

It has been shown that in some dimerisations, e.g., of cyc/opentadiene (Was.sermann, J., 
1939, 302, 367, 371, 375), the bimolecular constants are the same in the liquid and in the 
vapour phase, and hence it seemed necessary to see whether in a suitable polymerisation process 
a similar identity of rates could be obtained. Vinyl acetate is one of the few monomers which 
polymerise equally well in both phases, and thus some information on this point might be 
obtained. 

There is, however, another important reason for undertaking this work. In the liquid phase 
it is believed that polymerisation occurs by the free-radical mechanism, i.e., the active polymer 
is a large free radical. Although it has been demonstrated that a free radical mechanism can 
occur in the liquid phase, it is by no means certain that every liquid-phase polymerisation 
proceeds by this mechanism. As will be shown, it is possible to characterise the free-radical 
polymerisation of vinyl acetate in the vapour phase. If therefore it can be sho-wn that there 
is in fact a correlation in behaviour of vinyl acetate between the two phases, it may be possible 
to gain some more precise information about the behaviour in the liquid phase. The present 
paper is confined to the gas-phase polymerisation, and further communications will deal with 
the liquid-phase reaction. Polymerisation must be initiated by radiation, by excited mercury 
atoms, or by free radicals, since purely thermal polymerisation does not occur at all. 

Experimental 

Apparatus . — The apparatus used calls for no special comment, the general arrangement being shown 
in Fig. 1. The silica reaction vessel was placed in a thermostat, and the polymerisation could be carried 
out at various temperatures up to 100® either under constant pressure of vapour, using a gas burette, 
or at constant volume, using a mercury manometer. Mercury cut-offs were employed to isolate the 
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reaction system to avoid trouble with greased joints. The apparatus was evacuated by a mercury 
diffusion pump. The sources of light were high- and low-pressure mercury lamps depending on the type 
of reaction being studied. Care was taken to ensure constancy of light output by controlling the 
voltage applied to the lamps. Experiment showed that, like other monomers, vinyl acetate is decom- 
posed by the shortest wave-lengths emitted by the mercury lamp. Consequently it was necessary to 
screen off such radiation by acetic acid filters (30% aqueous solution). McLeod and Pirani gauges 
were used to measure the pressures of gases not condensable in liquid air. 

Particular care was taken in the purification of vinyl acetate. This was originally obtained from 
Shawinigan Chemicals Ltd. and usually contained some acetaldehyde. The latter substance is a strong 
inhibitor of the liquid- and also the gas-phase pol 5 rmerisation and hence its removal is essential. The 
monomer was first fractionally distilled twice at atmospheric pressure, only the 72 — 73® fraction being 
collected. The aldehyde is difficult to separate, and all fractions boiling below 72® were discarded. 
The nearly pure ester — which only gave a faint pink coloration with Schiff's reagent on standing for 
6 minutes — was sealed into a tube on to the vacuum line of the apparatus. The ester was then frozen 
with liquid air and pumped out to 10"* mm. It was melted and refrozen several times with evacuation 
between each cycle. Distillation was conducted in a vacuum, only the middle portion being used for 
experimental purposes. 

“ A.R.** Acetone w^as used as a source of methyl radicals. It was freed from oxygen in a similar 
manner to the vinyl acetate. Oxygen came from potassium i^ermanganate ; hydrogen was purified 
by passing through palladium. Butadiene was taken from a cylinder and purified by vacuum 
distillation. 

Fig. 1. 



Direct Photo-reaction . — Several precautions have to be taken in measuring the velocity of polymeris- 
ation. Fig. 2 shows how the number of molecules polymerised increases with time of illumination, 
starting with a clean tube. There is a marked induction period, and gradually the rate attains a constant 
value. If illumination is prolonged, the rate begins to decrease again, but since this only occurs when 
very thick deposits of polymer are formed it is attributed to scattering and absorption of the effective 
radiation by the polymer. The long induction period is not due to the presence of gas-phase inhibitors, 
because a similar phenomenon is observed if successive separate portions of vinyl acetate are used. 
This points to an effect due to the reaction vessel itself. It is not due to the fact that the polymeris- 
ation really takes place in the deposited polymer. There are many reasons for supporting this con- 
tention. The customary mist of solid polymer is formed in the gas phase when the lamp is switched 
on, the polymerisation rate does not increase proportionally to the weight of polymer deposited, inert 
gases like helium, argon, and hydrogen inhibit the polymerisation, and the intensity exponent in the 
polymerisation does not tend to zero, as happens in the polymerisation of chloroprene where polymeris- 
ation does occur in the solid polymer. As will be shown later, there is little doubt that the induction 
period is due to the fact that the active polymer molecules are somehow destroyed when they collide 
with the clean silica walls, and that when these are covered by polymer there is more or less elastic 
reflection with a consequent lengthening of the chain until mutual destruction occurs in the gas phase. 
This suggestion is supported by covering the wails with a layer of Gelva 16— Kjommercial polyvinyl 
acetate — whereby the induction period is diminished but curiously enough not completely eliminated. 
Tlie other surprising fact is that walls need to be covered by a fairly thick layer of polymer. 
It might be expected that a monolayer of polymer would be sufficient. Assuming a degree of 
polymerisation of 100, a monolayer would correspond to a pressure decrease of 10""* mm. whereas 
a very much greater decrease of pressure is required before the reaction rate is constant. Owing to 
the necessity for depositing polymer there is a measurable absorption of the mpnomer by the polymer, 
and as this amount of polymer increases so the amount of sorbed monomer increases. Corrections arc 
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made for the total observed consumption of monomer to give the true photo-rate. In order to cut 
down corrections of this kind to a minimum, the method of bracketing must be employed, and tubes 
are used for a relatively small number of runs just after conditions have become relatively steady. 
Experiments show there is no measurable induction period and that there is no long-continued reaction 
in the dark, as occurs wil^ methyl methac^late. This is in accord with the present experience with 
molecules of the t3rpe CHglCRX. If a heavily coated tube is being used there is sometimes an apparent 
induction period or even a pressure increase, due apparently to some desorption of monomer from the 
pol)mier when the light is switched on. 

General Kinetics, — Decomposition. As has already been mentioned, unfiltered light from the mercury 
lamp leads to decomposition of the vinyl acetate, one of the products of decomposition being non- 
condensable in liquid air. This gas could only be hydrogen, carbon monoxide, or methane. A Pirani 
gauge was consequently calibrated by using carbon monoxide and hydrogen. The gas from vinyl 
acetate gave a calibration curve coinciding exactly with that for carbon monoxide. The calibration 
curve for methane lies very close to that for carbon monoxide and therefore it is difficult to say whether 


Fig. 2. 


Fig. 3. 



Time (mins,)^ 



Course of polymerisation at constant pressure 
starting with a clean tube. 


Inhibition of polymerisation by the accumulated 
products of decomposition of vinyl acetate. 


the gas is one or the other. The important point of this decomposition is that the products are strong 
inhibitors for the photo-polymerisation. This behaviour is shown most clearly by the following kind of 
experiment. Vinyl acetate is illuminated at constant volume for a given period and the rate measured. 
After this, the pressure is increased to the initial value and the run continued. As Fig. 3 shows, there 
is a very marked diminution in rate as a result of the accumulation of the products of decomposition. 
The acetic acid filter completely eliminates this decomposition, and hence it would appear that it has 
nothing to do with the polymerisation reaction. Another indication in support of this suggestion is 
that decomposition occurs just as readily below the critical pressure at which vinyl acetate ceases to 
polymerise. These observations are completely in accord with experience with methyl methacrylate 
and methyl acrylate. Short-wave radiation, instead of leading to activation and eventual starting of 
polymerisation, simply results in disruption of the molecule into products incapable of starting 
polymerisation. 

Effect of pressure. The constant-pressure technique being used, the variation of rate with pressure 
was investigated, due regard being paid to corrections owing to disappearance of monomer by absorption 
by the polymer. A typical run is shown in Table I, the bracketing pressure being 42*1 mm. Similar 


Table I. 


Direct photo-polymerisation ; temp. 20® ; high-pressure Hg lamp. 



Observed rate (in c.c./ 
min.) at 42*1 mm. 

Dark " rate ** 

Net polymerisation 

Pressure (mm.). 

pressure. 

(c.c. /min.). 

rate (c.c. /min.). 

42-1 

26-6 

0-8 

24-8 

42- 1 

27-3 

P9 

25-4 

37'5 

22- 1 

— 

221 

23-9 

3-66 

— 

3*50 

42* 1 

26-5 

1-4 

26- 1 

48-4 

3P6 

20 

29-6 

66-6 

40-4 

1-6 

38*8 

'42* 1 

30-4 

20 

28*4 


series of runs were made over other ranges of pressure, the maximum being fixed at about 60 mm., the 
saturation vapour pressure of vinyl acetate. Rates relative to that at 42*1 mm. are plotted as a function 
of pressure in Fig. 4. The most striking feature of this plot is the appearance of a limiting pressure 
below which the reaction rate is immeasurably slow. At high enough pressures the rate is approxi- 
mately proportional to the first power of the pressure, whereas in the intermediate region 20 — 40 mm. 



Relative rate. 
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the rate == const, {p — />o)» where p^ may be defined as a critical pressure of about 21 mm. This limit 
has nothing to do with inhibition by decomposition products, for if the vapour is illuminated at, say, 
20 mm. for a considerable period and the pressure is then raised to say 80 mm., polymerisation proceeds 
normally. Similarly, if polymerisation is occurring at 30 mm. and the pressure is reduc^ to 20 mm. 
polymerisation immediately ceases. To show this more clearly prolonged illumination with use of the 
acetic acid filter gave the following results : . . , 

Pressure of products of decom- 

Vinyl acetate Time of illumination C.c. of vapour position (mm.) (non-condensable 

pressure (mm.). (mins.). polymerised. in liquid air). 

12-9 120 — 4-0 X 10-2 

16 0 100 8 0 3-6 X 10-a 

It will be seen that a reduction in pressure of only 2 mm. reduces the very small rate of polymerisation 
at 0*08 c.c./min. to an immeasurable value, yet the decomposition is hardly aflected. Likewise there is 
no photo-decomposition of the polymer and hence this could not be the cause of the appearance of the 

That the phenomenon has something to do with the initiation process is shown by the fact that if 
a low-pressure mercury lamp is used, and presumably therefore excited mercury atoms are responsible 
for starting polymerisation, the limit is displaced to a lower pressure at 12 mm. 


Fig. 4. Fig. 5. 



Ttitensity exponent. The variation of polymerisation rate with intensity of light gives useful inform- 
ation in regard to the order of the process in which the active polymer molecule is destroyed. It is 
particularly important to measure this exponent in view of the gradual increase of rate with the amount 
of polymer deposited and the existence of the critical limit. The intensity was decreased by using 
perforated screens which had been previously calibrated by a photoelectric cell. Runs were made at 
high pressure where the rate is proportional to pressure and at as low pressure as possible to see whether 
in the vicinity of the limit there was any change in the mechanism of the termination process. A 
Jogarithmic plot of the results is given in Fig. 5. The slope of these curves is 0*60 and 0*65 for 44 and 
27 mm., resspectivcly, which is a sure indication that polymerisation stops when two active polymers 
mutually destroy each other. This again furnishes additional proof that the appearance of the limit 
has nothing to do with the termination process. 

The same set-up being used, the value of the critical limit was measured for an intensity only one- 
eighth of that used in the measurements given on p. 12U3. The following results give a limit on 
extrapolation of 21 mm. Thus, in spite of a diminution in rate of starting of polymerisation by a factor 
of 8 and an increase in chain length by a factor of 3, the limit is unaffected. 

Vinyl acetate press, (mm.) 19'1 26-3 38-2 46*0 

Rate (c.c./min.) 0-25 1-06 4-76 6-86 

Effect of temperature. Rather a complicated procedure had to be adopted in these experiments, 
for at each temperature a series of runs at different pressure had to be made in virtue of the existence 
of the critical limit, since it was essential to find whether the limit itself was dependent on temperature. 
To ensure that the condition of the tube was as nearly similar as possible during these experiments, 
before and after each series of runs at elevated temperature standard runs were made at 20'* and at 42 
mm. pressure. It was not possible to go to temperatures greater than 100° since decomposition of the 
polymer led to complications and the rate fell off very quickly above this temperature. The results 
are summarised in Fig. 6, where the relative rates are plotted against pressure for a series of temperatures. 
At pressures above 30 mm. it will be seen that the rate decreases with increasing temperature. This 
phenomenon, although observed with methyl acrylate and methyl vinyl ketone, might be due to the 
intervention of some inhibitor or to a change in the nature of the termination reaction. Using a pressure 
of 60 mm. at 66°, a measurement of the variation of rate with intensity gave the following results : 


Intensity 1-00 0*384 0*126 

Rate (mm./min.) 0*63 0*38 0*186 
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This corresponds to an exponent of 0-60, in agreement with the results at 20®. Hence, mutual termin- 
ation of chains still operates at elevated temperatures. At each temperature the variation of rate 
with pressure is represented by the equation Rate = — ^o)» except in the neighbourhood of the limit, 

defined for the sake of convenience by in this equation. The following results show how the value 
of pQ varies with temperature : 


Temp 140° 46® 66® 970® 

pQ (mm.) 21 0 16 0 6 0 6*0 


Hence, at above 100® the polymerisation pursues a normal course in which R = const, {/aba.)^ (^)> 
which are kinetics compatible with the idea that all the light is absorbed and that mutual termination 
of the polymer chain occurs almost exclusively (Gee and Melville, Trans. Faraday Soc., 1944, 40, 240). 
Below 30° an inversion of the temperature coefiicient occurs and the rate increases with increase in 
temperature. This kind of anomalous behaviour is, however, primarily due to the intervention of some 
reaction responsible for the appearance of the limit — a reaction which itself possesses a temperature 
coefficient. In absence of this complicating phenomenon, namely, at as high pressure as can be obtained, 
there is no doubt that the polymerisation rate decreases with increasing temperature. The temperature 
coefficient was therefore measured for a pressure of 50 mm. and the log Rate- l JT plot is shown in Fig. 7. 
The slope corresponds to an apparent energy of activation of — 4700 cals. The point at 128® is obviously 


Fig. 6. Fig. 7. 



Rates of polymerisation as a function of Temperature coefficient of the rate of 
pressure at a series of temperatures, polymerisation at 60 mm. pressure 

of vinyl acetate {T = ® k.). 


so far off the straight line as to indicate a complete change in mechanism which has not been further 
investigated. It being assumed that the energy of activation for the initiation process is negligible, 
this means that there is an energy of activation for the termination process and that it exceeds that 
of the propagation reactions for with mutual termination F^app. — ■F'prop. — ifiterm., where Fprop. and 
■F'temi. are the energies for propagation and termination, respectively. Only in tlie case of methyl 
acrylate has there been made a minimum value for is,,rop. and this amounts to 4000 cals. (Melville, Proc. 
Roy. Soc., 1938, A, 167, 99). Even if it is supposed that Eprop. in the vinyl acetate reaction is 5000 
cals., Eterm. amouuts to about 20,000 — a very high value indeed. In fact, considering the small con- 
centration of active polymers, it would appear that the termination reaction would hardly ever occur 
in the gas phase at room temperature. There is here a peculiarity in a number of photo-gas-phase 
polymerisations which is kinetically not easily understandable. Yet with methyl acrylate if a strong 
inhibitor, e.g., oxygen or butadiene, is added to change completely the nature of the termination process 
the apparent temperature coefficient becomes positive, since a termination process normally requiring 
activation energy is replaced by one in which the energy of activation is practically zero. The 
phenomenon is not confined to gas-phase polymerisation, for in some liquid-phase polymerisations the 
chain length of the polymers decreases with increasing temperature, possibly owing to the energy of 
activation for termination exceeding that for propagation. 

The critical limit. Before attempting to discuss the abnormal pressure dependence of this polymeris- 
ation the main kinetic features may be summarised as follows : (a) The rapid falling off in rate at low 
pressures and temperatures — the reaction being apparently normal at high temperatures and pressures. 
(6) Dependence of the " limit on temperature, (c) Independence of limit on intensity and state of the 
tube, i.e., whether covered or not. (d) Termination mechanism of polymerisation not altered in the 
low^ressure, low-temperature region, (e) Limit apparently affected by mode of initiation. 

The limit appears to have no connection with the explosion limit in other chain reactions, for the rate 
above the limit is in no sense indefinitely fast, the reaction being under complete control. The best 
proof of this suggestion is that the intensity exponent never falls below 0*6 whereas in an incipient 
explosion, e.g., in the Hj-NjO-Og system sensitised by hydrogen atoms, the exponent may fall below 
the normal value of 0*6 when the reaction gets out of hand (Melville, Proc, Roy. Soc., 1934, A, 146, 737). 

It would appear to be necessary to introduce some mechanism at low pressures which leads to a 
diminution in velocity rather than introduce some phenomenon which leads to an abnormal increase 

4l 
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in rate at high pressures as in gaseous explosions or in the polymerisation of methyl vinyl ketone (Jones 
and Melville, ibid., 1946, A, W7, 19). All the above evidence indicates that neither termination nor 
propagation factors are affected and that therefore the phenomenon has something to do with the 
initiation process. The shift of the limit by chan^^g from direct to sensitised initiation and the non- 
existence of the limit in the radical-sensitised reaction are additional certain pointers to this conclusion. 
It is probable that the primary photochemical efficiency is not high, i.e., some of the energy absorbed by 
the vinyl acetate molecule is lost before another molecule of monomer can react with it. Thus we may 
have two competing processes : 


M -f hv M* 
M* + M - Pg., 
M* = M 


.f(7) 

k 


As the pressure is reduced, a greater proportion of the M* molecules lose their enerjgy by some kind of 
a process not involving a collision with a monomer molecule. Mutual termination being assumed, 
then 


and in general 


d[M*]/d/ = f(/) - ~ ;fe,^[M*][M] == 0 

d[Pn]/d/ - A,^^j[Ph<i][M] - 0 


Solving these equations in the usual way. we have 

~ d[M]/d/ === [M]{f(/)}iS-H^i,,[M3/[A. -f 

= [M]f{i)*S->[M3/[l -f 7r(M)]}i 


where -n = kp jk,. At high values of [M], this gives linear dependence of rate on [M], but at low pressure 
the rate only* varies as [M]®/*-* and would obviously not fall off quickly enough to be in accordance with 
experimental results. This is best shown by computing a value of n from experimental results. Assum- 
ing that the reaction is normal at 60 mm. and taking the rate at 24 mm., we have in the region of 
abnormality 2? ~ 016, w — 3-0 X 10"® with [M] in mm. At 20 mm. tt = 0-6 x 10“®. Hence, taking 
a mean value of 10~® and plotting the rate-pressure curve in Fig. 8 such that at one point, namely. 


Fig. 8. 



Relationship between theoretical and experimental curves, for the variation of rate with pressure. 

40 mm., it is adjusted to coincide with the broken experimental curve, it wUl be seen that although the 
shape is approximately right the agreement both at low and at high pressures is such that the theory 
is not good enough to account for the observations. A better approximation may be obtained if it is 
assum^ that not only the activated monomer but also the dimer may spontaneously lose its energy. 
Thus the scheme would be : 


M -j-' hv M* 
M* M . 

-f M « Ma* 

Mj* = Mj . 

M == Pa.. 

This leads to an expression 


k* 

.ftp 


d[M] 

dt 


[M]8-»f{7)i[_ 


•]» r -\i 
+ ^.[M]J U. + A,.[M]J 
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li kpjks^ = =s TT, which is a reasonable assumption, this simplifies to 

and as will be seen from Fig. 8 gives a plot agreeing more closely with the results below 40 mm., although 
the high-pressure agreement is inferior. The intervention of this kind of deactivation process might 
be extended to higher active polymers, but it is evident that the process cannot extend indefinitely for 
it would constitute another way in which the active polymers are destroyed, whereas the intensity 
exponent clearly indicates mutual destruction of the active polymers. Although the above theory 
does not quantitatively account for the shape of the R~p curve, it is in accordance with the observations 
made in connection with the position of the so-called limit, namely, independence of intensity and of 
the state of the vessel. Since the limit depends on temperature, this means that tt increases with increas- 
ing temperature. This is entirely in accordance with expectation ; are unlikely to be affected 

by temperature, since spontaneous loss of large amounts of energy is unlikely to be influenced by re- 
latively small changes in energy ; on the other hand, is a propagation coefficient and will certainly 
increase with increasing temperature. The theory is not good enough to enable tt or some similar 
parameter to be accurately computed, but an approximate estimate may be made in the following 
manner. Simpose there is no appreciable spontaneous deactivation at 40 mm. and the pressure p^ is 
found from Fig. 8 at which the rate is half what it would have been in absence of this effect ; then at 
this pressure the probabilities of propagation and deactivation are equal, and if p^' and pi" are the 
pressures at two temperatures, the energy of activation of the propagation reaction will be given by 

= 4-67 

wdiere T ^ and Tg are the corresponding temperatures. For 14°, p/ — 28 mm. and at 45° p^" = 22 mm. ; 
hence Ep = 1400 cals. 

Nature of the Photopolymer . — The polymer deposited as a result of the photochemical reaction is 
insoluble — a drawback which prevents a direct measurement of the chain length of the reaction. In 
view of the small number of cross-links needed to render a polymer insoluble, it is not unreasonable to 
suppose that the reaction responsible for branching and the type of links involved in the process may be 
entirely different from those constituting the main bulk of the polymer. The polymer was therefore 
formed under carefully controlled conditions by running the experiment at a constant pressure of 30 mm. 
and 15° until about 0-6 g. of polymer was deposited. The polymer was then washed out of the reaction 
vessel with acetone, in which it swelled but did not dissolve. The resulting material was suspended in 
dry methyl alcohol and treated with methyl-alcoholic potassium hydroxide. The white suspension so 
obtained was poured into water, in which it was completely soluble. Hence, conversion of the polyvinyl 
acetate into polyvinyl alcohol resulted in a breakdown of the three-dimensional polymer, which points 
to the fact that a hydrolysable link is responsible for joining the primary chains of the polymer together. 

Inhibition . — A study of the effect of inhibitors on a chain reaction throws much light on the mechanism 
of the reaction. As will be shown, this is particularly true wdth vinyl acetate where a variety of inhibitory 
mechanisms may operate. Oxygen and butadiene are both effective inhibitors but, surprisingly enough, 
chemically inert gases like argon, helium, and hydrogen also function as inhibitors. 

Oxygen. According to the theory of polymerisation (Gee and Melville, Trans. Faraday Soc., 1944, 
40 , 240) the expression for the rate of a completely inhibited reaction is 

- d[MJ/d^ = [M]f(/)/^[02] 

where p = kijkp, being the velocity coefficient for the interaction of inhibitor with active polymer. 
In order to get reliable results, the bracketing technique was employed for those experiments, i.e., every 
run with the inhibitor present was preceded and followed by a run with pure vinyl acetate. With a 
pressure of 30 mm., the results of a scries of runs are shown in Fig. 9, where reciprocal rate is plotted 
against oxygen pressure. In accordance with the theory, a straight line may be drawn through the 
points. Another result of inhibition of a reaction which is normally terminated by mutual destruction 
of the active polymers is that the intensity exponent should simultaneously increase from 0-5 to a value 
approaching 1*0 .depending on the extent of the inhibition. A typical set of runs is given in Table II, 
the bracketing technique being employed and decrease of pressure being used for the measurement 
of rate. 

Table II. 

Vinyl acetate pressure, 31 nun. Temp. 20 

Oxygen (mm.) 0 1*2 1-2 

Intensity 1 00 1*00 0 1 25 

Time (mins.) for pressure to fall 1 mm 1-8 6-0 23*0 

Intensity exponent = 0*74. 

This increase of exponent to 0*74 clearly shows that inhibition is termination of growth of the polymer 
by the interaction of oxygen with it. 

As will be shown in the following paper, it is possible to study the kinetics of the free-radical poly- 
merisation below the critical limit, and thus in absence of the direct photopolymerisation. Table III 
shows that oxygen has no effect on the reaction initiated by methyl radicals and only a comparatively 
small effect on liat initiated by hydrogen atoms, and this in spite of the fact that the rates of polymeris- 
ation are approximately the same as those in Table II. The fact that oxygen slightly inhibits the 


1*2 0 

100 100 

60 2 1 
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Table III. 

Effect of oxygen on free^radicalsensitised reaction at 20®. 


d acetate 

Acetone 

Oxygen 

Rate 





s. (mm.). 

(mm.). 

(mm.). 

(mm./min.). 

Vinyl acetate. 

Hydrogen. 

Oxygen. 

Rate. 

Methyl radical reaction. 


Hydrogen atom reaction. 


17-3 

45 

0-1 

0-217 

14-3 

43 

— 

0 45 

17-8 

48 

— 

0-207 

15-5 

46 

2-3 

0-30 

16-7 

53 

3-2 

0-240 

14-7 

48 

— 

0-42 

17-1 

57 

— 

0-241 






hydrogen-atom reaction is quite possibly due to direct interaction of hydrogen atoms and oxygen 
molecules. The important point is that oxygen clearly discriminates between the two kinds of reaction. 

Butadiene. Butadiene is a more powerful inhibitor than oxygen and hence smaller pressures of the 
gas are needed. A gas pipette method was therefore adopted for introducing butadiene into the reaction 
system. The results at two vinyl acetate pressures are plotted in Fig. 10, in which the relative reciprocal 
rate is graphed against butadiene pressure. In these experiments bracketing methods were employed 
at all stages. Since in this case there is always the possibility of butadiene actually inter-polymerising 
with the vinyl acetate, with a resultant diminution in velocity, instead of acting as does oxygen, the 
variation of rate with intensity was measured. In the former case the square-root dependence would 


Fig. 9. Fjc. 10, 



Effect of oxygen in retarding polymer- Effect of butadiene in retarding polymerisation, 
isaiion. at 28 and 42 mm, of vinyl acetate. 


still hold, while in the latter a linear dependence should be observed. The detailed results need not be 
given here except the following summary : 

Ei.QojRo.nt,. Exponent. R^jR. RvoojRo’Ub' Exponent. Rq/R. I?i.oo/^oi 26 - Exponent. 
1-0 3-4 0-60 2-8 6-3 0*80 4-2 7-9 0-99 

As the degree of inhibition {Rq/R) increases, the ratio of rates (-Ri-ooZ-^^o-ias) ^ fixed ratio of intensities 
likewise increases, corresponding to a general mcrease in intensity exponent. Additional confirmation 
is obtained in the following typical experiment vdth a vinyl acetate pressure of 33 mm. and butadiene 
01 mm. : R^jR at maximum intensity was 2*8, increasing to 3-9 at 0-125 of the maximum intensity. 
Thus, by reducing intensity and increasing thereby the chain length, the degree of inhibition is cor- 
respondingly increased. All these experiments conclusively show that w^hen butadiene reacts with 
vinyl acetate active polymer it adds on and then the reaction stops. Normal molecules of vinyl acetate 
cannot react with a butadiene end of the polyvinyl acetate. 

There is, however, one discrepancy. For the normal and the inhibited reaction we have respectively 
for the two rate equations : 

- d[M]/d/ = i?o = [M]f(/)*/S and R ^ [M]f (l)lp(X) 

Hence 

R,IR = i5[X]/5f(J)i 

As seen above, this relationship is followed in regard to butadiene concentration and light intensity. 
It will be noted that the value of RqJR is independent of i?o and, more important, independent of [M], 
yet in Fig. 10 the plots for two values of [M] are not coincident. One possibility is that f(i)I depends 
on [M] because of incomplete absorption of radiation. The slope of the Rq/R or [X] curve would be less 
for higher values of [M], which is in qualitative agreement with observation. The maximum change 
of slope in this case would be 1*2; 1 whereas the observed value is 1*26 : 1. The linear dependence of 
R on [M] at high enough temperatures would preclude this explanation. At lower pressures such as 
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28 mm., however, the vinyl acetate reaction begins to deviate quite markedly from normal behaviour. 
In order to get an expression for the reaction rate as a function of inhibitor concentration, an additional 
term, vi2-* Arf,»[Pn][X], is introduced into the differential equations defining [•?»]. This gives by the 
usual method 

- d[M3/d/ = [M]{f{7) - 

But 

[Pi*] = + *,[M] + A^TX]} 

Therefore 


_ drMi/d< - fMWO i W + ^4X] 1 

d[M]/d<- U., +A.[X] 


Using the expression already obtained for the rate of reaction in absence of inhibitor, we have 


- 8f(/)i b, [M] + k. 




-f 


It has already been shown that k^jk, x 10"®, hence ^^[MJ or ^*[X] and 


7?o/ie 


PkJ [M]^[X] 


8f(/)i • [M] + i3-HXJ 


rhiis if [M] ^ i5“^[X], decreasing values of [M] will increase the slope of the A\//?~[X] curve. 

Effect of Inert Gases . — Experiments with polymer-coated tubes seemed to indicate the existence of 
wall deactivation of the active polymer with clean or partly coated tubes. Thus it might be expected 
that the decrease in diffusion coefficient effected by the addition of inert gas might accelerate the poly- 
merisation rate. When the experiment was done, precisely the opposite effect was obtained, a marked 
inhibition being observed. At first sight, this phenonenon is di^cult to explain, since it is inconceivable 
that gases like argon, helium, and hydrogen could effect any chemical change in the active polymer 
that would lead to deactivation. As will be shown, inhibition does not occur by the termination of 
growth of the chains but is due to deactivation of excited molecules in the very early stages of poly- 
merisation. This effect, indeed, is not then so unexpected in view of the abnormal pressure dependence 
of reaction and, in fact, provides further support for the hypothesis advanced to explain the occurrence 
of an apparent critical limiting pressure. Thus we have the curious phenomenon that inhibition by 
inert gases leads to an increase in chain length of the polymer and not a decrease as is usually the case. 

The argon was obtained from a cylinder of the gas and was oxygen free. The helium was purified 
from more condensable gases by repeated treatment with active charcoal. 

The results with argon for a series of vinyl acetate pressures are shown in Fig. 11. and also 

(Ro/R) * are plotted against argon pressure. It is difficult to say which relationship is the better approxim- 
ation, but one observation is important. Unlike those for oxygen and butadiene, these lines do not 
go through the origin but make an intercept of unity in the Rq/R axis. This at once shows that a 
different kind of inhibition comes into operation apart altogether from the fact that very much higher 
pressures are needed for inhibition to be observed. This is completely confirmed by measuring the 
intensity exponent. With a vinyl acetate pressure of 40 mm. and an argon pressure of 67 mm., = 2, 
the intensity exponent is 0*60, the same value being obtained in the uninhibited reaction. This evidence 
certainly points to inhibition occurring in the initial stages of the reaction. Since the theory of the 
critical limit postulates the existence of an excited monomer which does not necessarily add on another 
molecule of monomer but may spontaneously lose its energy, probably by some internal rearrangement 
(it is hardly likely that chemical decomposition occurs, since it was earlier shown that decomposition 
seems to be an independent process brought about by short wave-lengths), it is natural to suppose that 
deactivation can also be brought about by collision with ai iothcr molecule which facilitates this rearrange- 
ment or removes some of the energy from the excited molecule. In the expression for the value of 
another term has therefore to be added and the appropriate equation becomes 


Hence 

and 

Therefore 


<I[Pi]/(B = f(/) - *,.[Px*][M] - A.JPx*] - Aa/Px*.[A] = 0 
li = [M]S-Jf(/)>{A,JM]/(A,_LM! + I- Aa, a.;;! 


S„/R 


1 + 


*a[A] 

K + A. ;>ij 


If argon deactivation is extended to P,* and we assume that A,^ ; A,^ : Aa^ — A,_ : A,^ ; A.,^, then 


- I + Aa[AJ/(A._ + A,,[M] 

Rearranging these expressions, we have 






- 1 = Aa[A]/A, 


+ A,JMJ and /?./« - ■ 1 Aa[A:/{A.^ 
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Fig. 11 shows that a linear plot or R^^jR a^nst argim pressure is obtained, and that the slopes of the 
Un«s are inversely proportional to the pressure of vinyl acetate. The intercept on the ordinate does 
not vary with argon pressure. This is not unexpected m view of the close approach to the critical limit 
when such relationships will break down. Experimentally it is difficult to decide between these two 
mechanisms. 




Effect of argon in retarding the rate of polymerisation at various vinyl acetate pressures indicated. 

Figs. 11a and 11b show alternative ways of plotting the results. 

Helium and hydrogen function in a similar manner, the intensity exponent not being affected when 
inhibition takes place. According to the above theory, the relative efficiencies of these gases can be 
obtained by plotting [RqIR)^ against the pressure of inert gas for a given vinyl acetate pressure. The 
relative slopes of these lines give the ratio of collision efficiencies A : He : H 2 = 1 ^ 0*6 : 0*5. If allowance 
is made for the different speeds, the collision efficiencies have the following values relative to argon : 
He 0*085, Ha 0*036. In passing it is worth noting that inert gases have absolutely no effect on the free- 
radical polymerisation. 

The University, Aberdeen. 


[Received, December 5th, 1946.] 
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227. Radical-sensitised Polymerisation of Vinyl Acetate Vapour. 

By H. W. Melville and R. F. Tuckett. 

The kinetics of the polymerisation of vinyl acetate vapour initiated by hydrogen atoms 
and by methyl radicals has been investigated, with the following results. Owing to the fact 
that the direct photochemical polymerisation does not occur at room temperatures below 
20 mm., the free-radical reaction can be studied alone by working at pressures below this 
limit. The reaction rate is proportional to the first power of the vinyl acetate pressure and 
to the square-root of the rate of production of radicals. The kinetic chain length of the 
reaction has been measured by the method of end-group analysis. The reaction has a high 
negative temperature coeflSicient. 

These results show that the direct photo-reaction also proceeds by means of a radical 
mechanism, the correlation between the two reactions being close. The direct reaction 
initially involves the production of di-radicals which are subject to deactivation spontaneously 
or by collision with inert added gases. These gas-phase reactions exhibit the so-called gel 
effect to a maximum degree and thus the termination velocity coefficients are reduced to 
small values. This gives rise to overall apparent negative energies of activation. 

In the previous paper it has been shown that vinyl acetate does not apparently undergo photo- 
chemical polymerisation at room temperature at pressures below 20 mm. In this respect it is 
unique but the phenomenon can be put to good use in the following way. With some mole- 
cules, e.g., methyl methacrylate, it is comparatively easy to study the kinetics of the free- 
radical polymerisation without complications arising out of the occurrence of the direct photo- 
reaction; with other molecules like methyl acrylate this cannot conveniently be done for a 
variety of reasons. It is, however, important to study the kinetics of the radical reaction 
and thus characterise the type of polymerisation for purposes of reference so that by com- 
parison it is possible to say whether or not the direct reaction, for example, goes by way of 
free radicals. At pressures below 20 mm. it proves to be possible to induce radical polymeris- 
ation and to study it to the complete exclusion of the direct reaction. The present paper 
describes the results obtained in this way. 

The apparatus used was identical with that described in the previous paper. Special 
methods and modifications are described in the appropriate places. 

Hydrogen-atom- sensitised Reaction , — Although molecular hydrogen is an inhibitor for the 
direct photo-polymerisation, it indirectly becomes a sensitiscr if mercury vapour is present 
and instead of a high-pressure mercury lamp a low-pressure type emitting unreversed 2537 a. 
radiation is employed. This phenomenon is well marked below the limiting pressure where, 
of course, no direct reaction can be detected. There is no doubt the accelerating effect of 
liydrogen is due to its sensitised dissociation to atomic hydrogen, which adds on to vinyl acetate 
to give a free radical, thus initiating polymerisation. There are some complications in the use 
of this indirect method. Excited mercury atoms will be deactivated by vinyl acetate molecules 
as well as by hydrogen and thereby start off a mercury-sensitised polymerisation, as has been 
shown in the previous paper. Fortunately, there is a pressure limit to this reaction (below) 
and hence its contribution to the total observed rate of polymerisation can easily be eliminated. 
Even at low pressures, mercury atoms will still be deactivated by vinyl acetate. The fraction 
/hj of excited mercury atoms deactivated by hydrogen molecules is simply given by 

r __ 

where a is the sum of the quenching radii and \l is the reduced mass of the pairs of molecules 
concerned; Oh,* = 6*0 x 10“^® cm.* and Ova^ iiot known : it is probably about 20 X 10“^® 
cm.*, for methyl methacrylate, for example, has a* = 25 x 10”^® cm.* (Bolland, unpublished 
experiments). This value being taken, it is calculated that /h, = 0*8 for Hg : VA = 2*3 : 1, 
and /h, = 0*9 for Hg : VA = 6*8 : 1. Consequently, high hydrogen pressures were invariably 
used to eliminate complication of the kinetics in the above manner. The reproducibility of 
the free-radical reaction is much better than that of the direct photo-reaction, mainly because 
of the shorter chain lengths involved. Although the rate of reaction does not immediately 
attain its maximum value in a clean tube, a very light coating suffices to prevent completely 
any wall termination. Corrections due to absorption of monomer by polymer are practically 
absent. 

The mixtures of hydrogen and vinyl acetate were prepared in two ways. In one procedure 
the reaction vessel was filled with vinyl acetate to a given pressure. This was condensed out, 
the side tube cooled in liquid air, and then hydrogen admitted. In the second procedure vinyl 
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acetate was admitted first, followed by hydrogen, the pressure of which was maintained at a 
high value in its reservoir so that little if any vinyl acetate vapour could diffuse out into the 
hydrogen reservoir. The former method was the more convenient where it was necessary to 
measure accurately the initial pressure of the hydrogen rather than the total pressure of the 
mixture. 

A pressure of 30 mm. of hydrogen being used, the variation of initial rate of polymerisation 
with pressure of \dnyl acetate is shown in Fig. 1. In the first place it will be seen there is a 

marked acceleration in presence of hydrogen which can 
only occur because of the free-radical reaction induced 
by atomic hydrogen. Secondly, quite a fast reaction 
occurs at vinyl acetate pressures when the mercury- 
sensitised polymerisation of vinyl acetate does not proceed 
at all. At a pressure of 15 mm., however, this type of 
reaction seems to proceed in parallel with the hydrogen 
atom sensitised reaction. Below 15 mm. the free-radical 
reaction rate is proportional to the first power of the 
concentration of the acetate. Fig. 2 is a plot of the log 
of this rate as a function of radiation intensity. The 
slope of the line is 0*7, showing that quite a large pro- 
portion of the free radicals combines in the gas phase. 
Thus the kinetics are approximately expressed simply by 

- d[M]/di = const. [M]/» 

characteristic of a normal reaction in which mutual 
0 JO 20 30 termination occurs and in which the rate of initiation is 

Pressure (mm.) independent of monomer concentration. When individual 

Variation of total rate of polymerisation examined, however, and allowance is made for 

wt vtny ace a e pressure. disappearance of the appropriate amount of hydrogen, 

the first-order constant decreases with decreasing pressure as shown in Table I. Even a 
second-order constant ” exhibits a slight tendency to decrease. It is evident that this 

Table I, 

Temp. 15®. Hydrogen pressure 27-2 mm. 


Time (mins.) 0. 1. 2. 3-5 6. 7. 9. 10. 

Press, (mm.) of vinyl acetate, 

uncorr 18-6 16-5 13 d 10-9 9-5 8 1 7 0 6-5 

Press, (mm.) of vinyl acetate, 

corr. for loss of 18-6 15-6 13-4 11-4 10-3 9-2 8-4 8*1 

(min.-*) (1st order) — 0*177 0 164 0 140 0 118 0*100 0*088 0*083 

A (min.~* mm.-q (2nd order)... — 0*0100 0*0105 0 0096 0*0086 0*0079 0*0072 0*0070 


diminution in velocity must be due to the accumulation of some rate-retarding molecule 
produced as a result of secondary reactions. 

The addition of hydrogen actually inhibits the mercury photosensitised polymerisation since 
the hydrogen molecule deactivates quite a proportion of the excited mercury atoms. In fact 
it is possible to obtain an approximate estimate of the quenching radius of the vinyl acetate 
molecules from such data. Table II gives the relevant data for low vinyl acetate pressures. 

Table II. 


Monomer pressure (mm.) 18*0 22*3 

Rate of mercury-sensitised reaction r. 0*9 2*2 

Total rate of reaction with 30 mm. of hydrogen 1*00 1*85 

Estimated rate of Hg-sensitised reaction in presence of hydrogen 0*79 0*66 

Fraction of Hj molecules deactivating excited Hg atoms (/hJ 0*79 0*69 


At a pressure of 18 0 mm. the mercury-sensitised rate is reduced from 0*9 to 0*19 mm. /min., 
since a fraction of the mercury atoms is deactivated by hydrogen. The value of /h, at 22*3 
mm. is 0*69. But /u, is given by the equation 

»h,[H,]/[VA](Ih.-h. + ^ViiVii-yA 
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If Ch is taken as 6*0 X 10"^® mm.*, tnen since [HaJ/CVA] is known, <JrA-Hg computed. 

The figures are 20 and 26 x 10-*^® mm.*, respectively, in good agreenient with the experimentally 
determined value of 25 x 10’^® mm.* for methyl methacrylate. 

Inhibitors . — Although an examination of the course of an individual run showed unmis- 
takable evidence of the production of an inhibitor, more direct evidence was desirable. This 
was obtained in the following manner. Unfortunately, the constant pressure-variable volume 
method cannot be used, but a modification is possible. A mixture of monomer and hydrogen 
at a suitable pressure is irradiated for such a time that 2 mm. of vinyl acetate are polymerised. 
The gases are then thoroughly mixed by moving the mercury in the gas burette, and the 
pressure is adjusted so that the original vinyl acetate pressure is obtained. Next, another 2 mm. 
of vinyl acetate are polymerised and the time is noted. If no inhibitor had been produced the 


Fig. 2. Fig. 3. 



Effect of intensity on the rate of the free Temperature coefficient of the free radical 

radical reaction. reaction. 


time should have been slightly shorter because of the slight diminution in volume of the system. 
Table III shows that, in fact, these times for 2 mm. polymerisation increased continually. 

Table III. 

Vinyl acetate 18*8 mm. Hydrogen 24-2 mm. 

Initial vol. of sy.stcm (c.c.) ... 210 198 187 176 167 159 150 

Time (mins.) for - ^ 2 mm. 1*23 1-18 1-63 2-58 3’60 4-75 6-75 

Further conclusive proof of the presence of an inhibitor can be obtained by examining the 
intensity exponent, which should increase as inhibitor accumulates. This is best done by 
carrying out two runs with different intensities and comparing the ratio of times required for 
the same pressure decrease throughout the course of the reaction. Tlie following results were 
obtained in two such runs. 

Ratio of intensities 8*0 : 1. Vinyl acetate 19-0 mm. Hydrogen 27*5 mm. 


Pressure range (mm.) 18 — 11 6-0 — 3*6 4-6 — 3-5 

Ratio of times 2-3 3 16 3*8 


The increase in ratio shows that the exponent is increasing from about 0-5 towards unity at 
the end of the run. 

The inhibitor is not produced by short-wave radiations from the 2537 a. lamp, for an acetic 
acid filter does not cut down inhibitor production. It is condensable in liquid air and solid 
carbon dioxide. This was shown by condensing the contents of the reaction vessel after a 
run jL-^to a suitable trap and pumping off all non-condensable gas. Fresh hydrogen was then 
added, .’md the run continued. At — 183® and — 80® the inhibitor was retained in the trap. 

Temperature Coefficient . — The temperature coefficient of the free-radical reaction can only 
\he studied over a comparatively small range since at higher temperatures the direct reaction 
begins to myke its appearance and thus complicates the interpretation of the kinetics. Fig. 3 
shl^s how ti ie rate varies with temperature, the rate being measured by taking the reciprocal 
of ti'e time f<; r the pressure of vinyl acetate to fall 4 mm. It will be seen that the temperature 
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coefficient is negative, with a value of — 2600 cals. So far as is known, the addition of atomic 
hydrogen to an unsaturated molecule proceeds with such a small energy of activation that 
the* temperature coefficient of the polymerisation process must certainly be due to that of the 
propagation and termination reactions. Since tlie polymerisation ends by mutual destruction 
of active molecules, the apparent energy of activation is equal to Ep — Ep and Ej> being 
the energies of activation for propagation and termination. These temperature coefficients 
were measured at different intensities and the results are given in Table IV. 



8. 

Table IV. 

Chain length at 17° : 

12. 


50. 


r (mins.) for 


\ 

T (mins.) for 


T (mins.) for 

Temp. 

Ap ^ 4 mm. 

Temp. 

Ap = 4 mm. 

Temp. 

A/> == 4 mm. 


400 

170° 

6-25 

180° 

10*0 

19-5 

3-6 

18-6 

5-3 

190 

11-4 

25-0 

5-2 

21-3 

6*2 

320 

19*7 

35*5 

4*3 

34-5 

7-9 

480 

38-4 

.75-0 

5-5 

47-6 

9-3 

— 

— 

— 

— 

650 

11*2 

— 

— 

E = 

— 1900 cals. 

E == 

— 2600 cals. 

E = 

— 8200 cals. 


This reaction thus falls into line with the direct photo-polymerisation and with the poly- 
merisation of methyl acrylate and of methyl vinyl ketone in the gas phase in that negative 
energies of activation are observed. With the free-radical reaction it is probable that the 
value would not change with further increase in chain length. The mere fact that the value is 
negative would imply that Ej^ is greater than Ep by a substantial amount. This fact is anomalous 
since it would imply that the two free radicals must become activated before they react with 
each other; in other words, more activation energy is required for the interaction of two 
radicals than is required for the interaction between a radical and a double bond. Such a 
state of affairs is hardly conceivable, but there appears to be no valid alternative explanation. 
The variation of the apparent energy of activation with chain length may quite well be due 
to a variation in Ep or Ef, especially when the chain length is so short. 

Chain Length . — If after a hydrogen-atom-sensitised polymerisation all the vinyl acetate 
vapour is condensed out by passing the mixture through a trap cooled in liquid air, the hydrogen 
pressure is less than that at the start of the run. For example, with 18*6 mm. of vinyl acetate 
and 27 T 5 mm. of hydrogen a time of illumination of 10 mins, gives a total pressure decrease 
of 12 '3 mm., the hydrogen pressure being now 25-85 mm. The reason for the small fall in 
pressure is that the hydrogen atom responsible for starting polymerisation is incorporated in 
the polymer itself. Thus the decrease may be made the basis of measuring the kinetic chain 
length of the reaction and therefore the number average molecular weight of the polymer. 

Owing to the small pressure decrease certain precautions have to be taken. Only tubes 
lightly coated with polymer may be used since atomic hydrogen may reduce the polymer and 
so be removed in a non-polymerisatiou reaction. The most convenient method of measuring 
the decrease in hydrogen pressure consists in admitting the appropriate amount of vinyl 
acetate, freezing this out, and then admitting hydrogen. After the run the vinyl acetate is 
once more frozen out, and the hydrogen pressure measured. After correction for the cooling 
of the trap, the decrease in pressure of hydrogen is subtracted from the total observed pressure 
decrease to give tlie diminution in vinyl acetate pressure. 

In considering the kinetics of the reaction as a whole it is necessary first to determine 
whether there is any possibility of a hydrogen atom terminating polymerisation as well as 
starting it. If this kind of termination occurred exclusively, then it can be shown (Melville, 
Pyoc. Roy. Soc., 1937, A, 163, 511) that R ^ const. [M]*, the rate being independent of intensity. 
Since the observed kinetics are R const. CM]/^ it is evident that this kind of termination 
does not enter into the question. As has been seen in Table IV, the kinetic chain length is 
comparatively short, and this introduces a slight complication. The general expression for 
the concentration of the active polymer is 

d[P]/d^ = / - == 0 

where I = A![H][M], k being the bimolecular coefficient for the reaction of hydrogen atoms with 
the monomer. For short chains, then 

- d[M]/d# = / -f I^[M\hplkt 
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Thus the rate will not be strictly proportional to the square-root of the intensity. The devi- 
ation may be computed in the following way. Suppose — d[M] j6.i 1 ^ ; then for two intensities 

^ = [log i?a/i?i)]/[log [hih)] 


Let I^l^i = 8, as was used in some experiments, then, if 5 = kijkp, 


log 8 = log 


/x"+ 


= log Vs + log 

Vg — 0*b5 

where Vg is the chain length at intensity /g ; or 

X = 0*60 +1*11 log V 2 /(vg — 0'G6) 

Hence x may be obtained for various different values of Vg as follows : 


1^2 = 4 5 6 12 00 

AT == 0*586 0*567 0*55 0*53 0*500 


For example, with a vinyl acetate pressure of 19 mm. and Ho -- 27*5 mm. at 17°, the chain 
length is greater than 10 for full intensity and over 30 at the 0*125 full intensity a; (experi- 
mental) = 0*47. 

Independent evidence also indicates mutual termination of polymer growth. In such a 
mechanism the chain length should be inversely proportional to the square-root of the intensity 
of incident light. Instantaneous values of the chain length cannot, of course, be computed 
because of the impossibility of measuring accurately small decreases in hydrogen pressure; 
hence the following procedure was adopted. The hydrogen-vinyl acetate mixture is illuminated, 
and the chain length measured by the above-mentioned rnetliod. A second measurement is 
made by resuming the run. In this way the corrected vinyl acetate pressure-time curve is 
constructed. The rate of polymerisation at say two given pressures can then be read off. 
The rate of hydrogen loss is assumed to be the average rate of loss over the run. The whole 
procedure is then repeated at a lower intensity. The results in Table V show the exj)ected 
dependence of chain length on intensity, and the observed figures are in reasonaV)ly good 
agreement with the theoretical values calculated from the ratio of the intensities. 


Intensity. 

1*00 

0*125 


Table V. 


Chain length at vinyl acetate 
pressures (mm.) of : 

13*0 6*0 

13*5 2*7 

49 6*8 


Ratio of chain lengths obs, 
at vinyl acetate pressures 
(mm.) of : 

13 0 6*0 

3*6 2*5 


Calculated 
ratio of 
chain lengths. 

2*83 


Methyl-radical-sensitised Reaction . — Hydrogen atoms are not always the most suitable 
type of initiator for a free-radical reaction. In addition, it has been shown with butadiene, 
for example (Jones and Melville, Proc. Roy. Soc., 1946, A, 187 , 87), that whereas methyl radicals 
initiate polymerisation, hydrogen atoms lead to hydrogenation of the butadiene. It was 
therefore desirable to see whether methyl radicals from photodecomposing acetone could 
effect polymerisation of vinyl acetate vapour and so find whether the kinetics of the two 
reactions are identical. With acetone as a source of methyl radicals there is a very marked 
acceleration of polymerisation, for at 22 mm. vinyl acetate pressure the rate was 0*02 mm. /min. 
but on addition of 40 mm. of acetone the rate jumped to 0*45 mm. /min. Even well below 
the critical limit with VA = 16 mm., tlie rate was 0*22 mm./min., the rate of the direct reaction 
being negligible. In Fig. 4 the kinetics are briefly summarised. In Fig. 4(a) it will be seen 
that the rate is proportional to pressure, the upper limit of pressure being fixed by the limit 
for the direct reaction. In Fig. 4(5) log rate is plotted against log intensity. The slope of the 
straight line is 0*46. Thus the kinetics of the hydrogen-atom- and of the methyl-radical- 
sensitised reaction are exactly similar. There is, however, a further interest in this similarity. 
If matters are so adjusted that the two reactions occur at the same speed, then the chain 
length must be identical and the rate of initiation must also be identical. But the rate of 
production of hydrogen atoms is known, and hence it should in principle be possible to measure 
the rate of production of methyl radicals from acetone, and thus throw some further light on 
the photochemistry of this molecule. Much has already been written about the photochemistry 
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of acetone, and it is usually presumed that when the molecule does dissociate the first act is 
the production of acetyl and methyl radicals and that the former subsequently decompose 
to methyl and carbon monoxide, though under some conditions they may combine to diacetyl. 
In a recent paper evidence is presented to show that apparently the excited acetone molecule 
may decompose to fragments of ethane and carbon monoxide without the production of 
radicals. The production of acetyl does complicate matters. In some acetone-catalysed 
polymerisations (Jones and Melville, loc. cit,) it has been found that the rate of production 
of carbon monoxide from acetone is diminished when monomer is present. This would imply 
that the acetyl radical reacts with the monomer before it has time to decompose. Similar 
experiments were made with acetone and vinyl acetate, pressures of 16 — 17 mm. of vinyl 
acetate and 35-40 mm. of acetone being used; thus, in 6 mins. 11*7 x 10“® mm. of carbon 
monoxide were produced with acetone alone ; with vinyl acetate present, 4*6 mm. of gas were 
polymerised and the pressure of monoxide was 11*2 x 10"® mm. In another series of experi- 
ments, carbon monoxide production was 29 x 10"® and 28 x 10“® mm., respectively, in presence 
and in absence of vinyl acetate. Thus acetyl radicals do not initiate polymerisation, unless, 
of course, the carbon monoxide molecule is eliminated just when the acetyl radical meets a 
vinyl acetate molecule, an unlikely state of affairs. 


Fig. 4. 



(a) Effect of pressure on the methyUradicaUsensiiised reaction. 

(b) Effect of intensity on the radical-sensitised reaction. 


The experimental procedure is somewhat complicated. First of all two lamps are used, 
the first a low-pressure lamp emitting the 2637 a. line to dissociate the hydrogen, the second 
a high-pressure lamp to dissociate the acetone. The distances of these lamps from the reaction 
vessel are so adjusted that with a given acetone pressure the rates of polymerisation are the 
same. First, a hydrogen atom run is made, the chain length being measured at two points. 
Next another hydrogen atom run is made for approximately half the period, and the chain 
length re-measured. Acetone is then admitted to a pressure of 60 mm. The hydrogen pres- 
sure is then measured again since a small amount escapes on introduction of the acetone. The 
hydrogen-vinyl acetate-acetone mixture is then irradiated with the high-pressure lamp for a 
time such that polymerisation occurs to the same extent as with the first hydrogen atom run. 
The data from the first run then give the hydrogen molecule consumption during the second 
part of the run. Finally, the vinyl acetate and acetone are condensed out, and the total 
pressure due to hydrogen and to carbon monoxide is measured. 

By this method it was found over the same range of vinyl acetate pressures, viz., 17*5 — 
12-5 mm., that the carbon monoxide produced from the photodecomposing acetone was equal 
to volume of hydrogen consumed in the corresponding part of the hydrogen run. The data 
for a run of this type are given below. 


Vinyl acetate = 22 0 mm. Hydrogen 35*0 mm. Acetone 60 0 mm. 


Type of run. 
Me 
H 
Me 


Rate of 1st half of 
polymerisation. 
1*38 
1*32 
1*46 


Rate of 2nd half 
of polymerisation. 
0*80 
0*73 
0*98 


0*25 mm. CO produced 
0*30 mm. H, consumed 
0*25 mm. CO produced 
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General Discussion of the Vinyl Acetate Reaction, 

It now remains to discuss and compare the free-radical and the direct polymerisation 
reactions. The former is at first sight the simpler, for the mechanism consists in the addition 
of the hydrogen atom or methyl radical to the vinyl acetate molecule to form another free 
radical, to which are subsequently added further vinyl acetate molecules until two of these 
comparatively large free radicals interact. It is not yet certain whether this results in com- 
bination or disproportionation. The anomalous feature of this and other gas-phase reactions 
is the negative temperature coefficient. This may be due to a variety of factors. First, even 
if the radical polymers are small, it may be that in course of growth a new solid phase appears 
with the consequence that monomer will presumably be adsorbed on this growing particle as 
a necessary preliminary to addition. The rate of polymerisation will then be proportional to 
the concentration of monomer in the polymer particle. Increase of temperature will con- 
sequently decrease this concentration so that this factor alone will give rise to an apparent 
negative temperature coefficient. Second, quite a different factor may also give rise to a 
diminished temperature coefficient. It has now been established (Burnett and Melville, 
Nature, 1946, 158 , 553) that when polymerisation of vinyl acetate occurs in a solvent such 
as hexane in which the polymer is not very soluble, the effect of precipitating out the growing 
polymer is to diminish the magnitude of the bimolecular reaction coefficient for the termination 
of polymer growth. The coefficient which is not normally affected by temperature acquires 
in these circumstances a positive temperature coefficient. A similar precipitation will occur 
even more readily in the gas phase. It is not therefore suprising that an overall negative 
temperature coefficient is observed, and that the larger the kinetic chain length the higher the 
A'alue of the negative energy of activation. It is possible that both factors operate together. 

With the direct reaction at sufficiently high pressures, the general kinetics are similar to 
those of the pure radical reaction. For comparable rates of initiation the overall polymeris- 
ation velocities of the radical and of the direct reaction are quite similar. It would there- 
fore seem probable that the direct reaction also proceeds by a free-radical mechanism. The 
problem then is to understand why the critical pressure limit and inert gas effects make their 
appearance. The matter is most satisfactorily accounted for if it is assumed that absorption 
of ultra-violet light by monomer results in the production of a di-radical. Such a radical is 
simply an electronically excited molecule. The results show clearly that such a molecule 
can spontaneously give up its electronic energy or give it up to an inert gas at quite low 
pressures. At high enough pressures, however, further monomer molecules will add on to 
both ends of this di-radical. It is unfortunate that the photopolymer is made insoluble by 
some secondary reactions and thus its molecular weight cannot be compared with that of the 
free-radical polymer. The negative temperature coefficient of the direct reaction then is 
explained in a similar manner to that of the radical reaction. 

Experimental evidence has been given elsewhere to suggest that the polymerisation of 
vinyl acetate in the liquid phase or in solution goes by way of free radicals. Here there should 
be an exact correlation between the reaction in the two phases. The obstacle to establishing 
a numerical correlation is due wholly to the so-called gel effect, i.e., to the influence of environ- 
ment or polymer shape on the velocity coefficient for the termination of molecular growth. 
In the liquid phase precisely similar overall kinetics are observed, but it is evident that the 
magnitudes of the velocity coefficients cannot be compared. For the gas phase the termination 
coefficient will not have its maximum value but some lower and ill-defined value. For these 
reasons the liquid-phase reaction with either pure monomer or monomer in a good s(jlvent 
is far simpler than the gas-phase reaction. 

The experiments described in this and the preceding paper were carried out in 1938 — 39 in the 
Colloid Science Department, The University, Cambridge. We should like to thank Professor E. K. 
Hideal for his great encouragement and interest in this work. These researches were made possible 
owing to the generosity of Aero Research Limited, Duxford, Cambridgeshire, who kindly provided a 
maintenance grant to one of us (R. F. T.). 

The University, Aberdeen. 


[Received, December bih, 1946 .] 
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228 . Pectic Substances. Part V. The Molecular Structure of 
Strawberry and Apple Pectic Acids. 

By G. H. Beavan and J. K. N. Jones. 

Degradation products prepared from strawberry pectin and apple pectin by boiling with 
methanolic hydrogen chloride have been converted into their methylated derivatives. 
Hydrolysis of the latter with methanolic hydrogen chloride yielded the methyl ester of 
2 : 3-dimethyl methyl-<f-gaIacturonoside as the main product. The bearing of these 
observations on the chemical structure of pectic acid is discussed. 

Pectins commonly occur in fruit and have been the subject of chemical investigation by many 
workers, and it is now generally accepted that they are mixtures of polysaccharides, amongst 
which galactan, araban, and polygalacturonosides predominate (for a review of the evidence see 
the article by Hirst and Jones, “ Advances in Carbohydrate Chemistry Vol. II, 1946). These 
polysaccharides are in close physical union, and great difficulty is experienced in separating the 
components in a pure condition, particularly those of the polygalacturonoside fraction. Arabans 
from peanut, apple, and citrus pectins have been shown to consist of /-arabofuranose residues 
linked to form a branched chain polymer (Hirst and Jones, 1938, 496; 1939, 453, 454; 
Beavan, Hirst, and Jones, /., 1939, 1865), whilst the galactaii from Lupinns alhus consists of 
p-i-galactopyranose residues in the form of a linear polymer (Hirst, Jones, and Walder, 
/., forthcoming publications). These two polyssaccharides could not therefore be derived one 
from the other by oxidation and decarboxylation at Cg of the pyranose residues. In view of 
these results it became of special interest to determine whether any correlation exists between 
the structures of the pectic acid and of either of the polysaccharides associated with it, and 
whether pectic acids from different sources possess similar structures. 

The investigation of the pectic acid component was rendered all the more difficult by reason 
of the special physical and chemical properties of the polysaccharide. In a previous 
publication (Beavan and Jones, Chem, and Ind., 1939, 58 , 363) attention was drawn to the 
difficulties encountered in methylating pectic acid both by the methyl sulphate and by 
the thallium methylation technique. This difficulty was in part overcome by methylating a 
degraded pectic acid derivative prepared by boiling crude pectin with methyl alcoholic hydrogen 
chloride (Morrel, Bauer, and Link, /. BtoL Chem., 1935, 105 , 1; Hirst, Jones, and Jones, 
1939, 1880). This procedure destroyed the more labile araban and galactan and converted the 
pectic acid into the methyl ester of a degraded polygalacturonide of approximately eighteen 
residues. The physical properties of this material, designated polyester " by Morrel, Bauer, 
and Link, made it more amenable to methylation by the thallium technique (Menzies, 1926, 
937; Hirst and Jones, /., 1938, 497) and by this method the methylated derivatives of 
strawberry and apple polyesters were prepared and examined. The present results indicate 
that these polyesters are similar in constitution to the methylated polygalacturonic acids which 
have been previously examined (Smitli, Chem. and Ind., 1939, 58 , 363; Beavan and Jones, 
loc. cit. ; Luckett and Smith, /., 1940, 1106). . 
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chloride under pressure, 2 : 3-dimethyl methyl-f?-galacturonoside methyl ester (I) as a mixture 
of its pyranose and furanose forms (cf. Luckett and Smith, loc, cit,). On hydrolysis with 
aqueous acid (I) was converted into 2 : 3-dimethyl ^-galacturonic acid (II) identified after 
oxidation and esterification as the crystalline y-lactone methyl ester (Ilia) of 2 : 3-dimethyl 
^-mucic acid (III6). The constitution of this crystalline product followed from its reaction with 
periodic acid, which gave the half-aldehyde of /(-f)-dimethoxysuccinic acid (IV), identified as 
i(-f)-dimethoxysuccinamide (V), and glyoxylic acid (VI), identified by its colour reaction with 
casein and sulphuric acid. 

The polyester from both strawberry and apple pectin must therefore be a polymer built up 
of ^^-galacturonic acid residues in which the hydroxyl groups on Cg and Cg are free. The two 
structures which are in agreement with this evidence are (VII) and (VIII), of which the pyranose 
form (VIII) is by far the more probable since the pyranose structure alone would display the 
resistance to acidic hydrolysis so characteristic of the pectic acid molecule. That the linkage 
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between the galacturonic acid residues is of the a- type is shown by the high positive rotation of 
pectic acid. It is clear, therefore, that a polygalacturonide with this structure cannot be 
transformed directly by decarboxylation at Cg into an araban of the type found associated with 
pectic acid, since this araban is known to possess a branched chain structure of /-a-arabofuranose 
residues (IX) linked to each other in three different ways — namely, through (A1 ....), 

through Cj and 'Cg (. . 5A1 . ,), and through C^Cg and Cg (•:; 3 A 1 . . .). Nor can the pectic 
acid arise from the galactan (X) by oxidation of the primar^ alcohol groups, since the sugar 
residues in (X) are linked by p-links. It follows, therefore, that if galactan (X) is the source of 
araban, then hydrolysis followed by re-synthesis of the oxidised and decarboxylated sugar must 
intervene. 

Experimental. 

Strawberry Pectic Acid. — The pectin was obtained from strawberry juice, for a supply of which we 
wish to express our thanks to Dr. V. L. S. Charley and Carter and Co. of Bristol. The crude pectin was 
contaminated with kieselguhr; it was triturated with 90% alcohol and filtered to remove colouring 
matter. The solid was dried at 40°/ 12 mm. and extracted with the calculated quantity of dilute sodium 
hydroxide solution. The sludge was spun on the centrifuge and the top clear, light blue solution poured 
with stirring into 5 vols. of 90% alcohol acidified with hydrochloric acid. Pectic acid was precipitated ; 
it was filtered off, washed with alcohol until free from hydrochloric acid, and dried under reduced 
pressure; [a]??’ -j- 251° (in neutral aqueous solution) [Found : Uronic anhydride, 84*0 (calc, from the 
yield of carbon dioxide evolved on boiling with 12% hydrochloric acid) ; pentosan, 4T (calc, from the 
yields of furfuraldehyde and carbon dioxide evolved on boiling with 12% hydrochloric acid) ; galactan, 
9-9 (by difference); OMe, 0-2%; equiv., 225]. 

Strawberry Pectin Polyester (see Morrel, Bauer, and Link, loc. cit.). — Strawberry pectic acid (100 g.) 
was refluxed with stirring with 3% methyl alcoholic hydrogen chloride (1 1.). After 24 hours sufficient 
concentrated methyl alcoholic hydrogen chloride was added to bring the concentration up to 6% and the 
refluxing continued for a further 66 hours. The cooled reaction mixture was spun on the centrifuge and 
the dark slimy solid thus obtained washed with methyl alcohol until free from hydrogen chloride. The 
solid was dried at 60°/12 mm. and then extracted thrice with boiling water (500 c.c.). The extracts 
were spun on the centrifuge and the clear solution was poured into alcohol (2J 1.). The precipitated 
polyester (65 g.) was separated on “the centrifuge, washed with alcohol and acetone, and dried at 60°/12 
mm.; Mg*' -f 234° (c, 1-2) (Found : OMe, 17-4%; equiv., 200). 

A sample of the polyester was titrated with the calculated quantity of barium hydroxide and the 
resulting barium salt precipitated with alcohol. The white solid was filtered off, washed with alcohol, 
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and dried in a vacuum (Found: Ba, 25*1; OMe, 1*8. A methylpolygalacturonoside methyl ester 
containing eight units requires Ba, 27*7 ; OMe, 1*6%). 

M ethylation of Strawberry Polyester , — The polyester (6*7 g.) wsus dissolved in water (20 c.c.) and 
to it was added a hot concentrated solution of thallium hydroxide (^ c.c. of 6n). The cream-coloured 
precipitate was filtered off, washed with methyl alcohol and ether, and dried at 40°/12 mm. The orange 
solid was ground to a powder (120 mesh) and boiled with methyl iodide for 72 hours under reflux with 
the exclusion of light and moisture. Excess of methyl iodide was distilled off and the residue extracted 
exhaustively with methyl alcohol. The extracts on concentration gave partially methylated strawberry 
polyester as a pale brown solid (4-6 g.). The partially methylated material was dissolved in alcohol and 
evaporated to dryness with the addition of a benzene solution of thallous ethoxide (5 equivs.). The 
resulting brown solid was powdered (120 mesh) and boiled with methyl iodide until the thallium iodide 
was neutral to litmus. Methylated strawberry polyester was isolated, as described above, as a stiff 
brown syrup (4-35 g.) (Found : OMe, 42-4%). The syrup was separated into two fractions 
by precipitation from a chloroform solution with ether. (A) Ether-insoluble (2*15 g.) ; [a]ff* -f- 144° 
(c, 0*66 in methyl alcohol) (Found : OMe, 39-9%. A dimethyl uronic methyl ester polymer requires 
OMe, 42*7%). (B) A stiff brown syrup obtained on evaporation of the ethereal extract (2*20 g.), which 

was not further examined. 

Hydrolysis. The methylated polyester was extremely resistant to hydrolysis, but this could be 
effected by the use of methyl alcoholic hydrogen chloride under pressure. The material (2-10 g.) was 
dissolved in 3% methyl alcoholic hydrogen chloride (35 c.c.) and heated at 140° in a sealed tube for 24 
hours, the hydrolysis mixture was nearly neutral and a considerable pressure developed in the tube 
owing to the formation of methyl chloride and carbon dioxide. The solution was neutralised with 
silver carbonate, filtered, and evaporated under diminished pressure to a dark brown syrup (1-85 g.). 
This was separated into two fractions by extraction with ether — (1) an ether insoluble-solid which 
consisted of incompletely hydrolysed material, and (2) an ether-soluble S3rrup consisting of the methyl 
ester of 2 : 3-dimethyl methyM-galacturonoside [1-6 g., m})®" 1*473, [ajD®’ — 27° (in acetone)]. This was 
fractionally distilled in a vacuum giving : (a) the methyl ester of 2 : 3-dimethyl methyl-^f-galacturonoside 
(0*90 g.). ‘b. p. 160°/0*001 mm. (bath temp.), 1-4618, - 38° (c, 3*0 in water) (Found : OMe, 

48*2; eqiiiy., 254. Calc, for CjoHigO, : OMe, 49*6%; equiv., 260); (b) a fraction, b. p. 180°/0*01 
(0*3 g.), 1*4738, which was partly crystalline, the crystals which separated after tiling having m. p. 

211° not raised on recrystallisation from ether ; (c) still residue (0*3 g.). 

The distilled ester (0*87 g.) was hydrolysed with N-hydrochloric acid (30 c.c.) at 90 — 96° : MfJ* — 38° 
(initial value) ; -f 31° (25 minutes) ; -}- 62° (1 hour) ; 69° (IJ hours, constant value). The solution 

was neutralised with silver carbonate and filtered before and after the passage of hydrogen sulphide. 
Removal of the solvent at 40°/12 mm. left 2 : 3-dimethyl ii-galacturonic acid (0*8 g.), [ajlf* -f 63° (c 
1*11 in water) (Found : OMe, 2o*9 : equiv., 212. Calc, for C8H14O7 : OMe, 27*9%; equiv., 222), which 
was oxidised with bromine water; the resultant 2 : 3-dimethyl i^-mucic acid (0*8 g.) was isolated as a 
syrup, [a]if* — 20° (c, 0*99 in methyl alcohol) (Found : OMe, 26*0; equiv., 122. Calc, for C8H14O8 : 
OMe, 26*9^^,; equiv., 119). The acid (0*70 g.) was esterified by boiling with 2% methyl alcoholic 
hydrogen chloride for 15 hours. The cooled solution was neutralised with silver carbonate, 
filtered, and evaporated to a syrup, which was extracted with ether. The solvent was distilled 
off, leaving the syrupy ester (0*72 g.), w}?* T4688, [a]?)®’-- 5° (c, 0*78 in methyl alcohol)- (Found : 
OMe, 38*8%), a portion of which (0*40 g.) was distilled under reduced pressure giving the methyl ester 
of the 1 : 4-iactone of 2 : 3-dimethyl <i-mucic acid (0*33 g.), b. p. 160°/0*001 mm. (bath temp.), njf 1*4668, 
[a If?’ — 40” (in water) (Found : equiv., 118). This crystallised on standing and was recrystallised from 
ether. It had m. p. 77 — 78°, raised to 96° on drying in a vacuum (Found, on a dried sample : C, 46*2; 
H, 5*8 ; OMe, 38*4. Calc, for CoH 140, : C, 46*2; H. 6*0; OMe, 39*7%). 

The ester lactone (0*26 g.), m. p. 96°, was oxidised with the calculated quantity of periodic acid in 
water (10 c.c.): [a]j? — 40° (initial value); — 10° (5 minutes); + 12° (12 hours, constant value). 
The solution was neutralised with barium carbonate, filtered, and concentrated to about 6 c.c. A small 
portion of the solution at this stage gave with casein and sulphuric acid a strong positive test for glyoxylic 
acid. Barium carbonate (1 g.) and bromine (1 c.c.) were added to the solution which became 
non-reducing towards Fehling’s solution after 12 hours. The solution was aerated to remove excess of 
bromine and filtered. The filtrate was evaporated to dryness and the residue esterified by boiling with 
2% methyl alcoholic hydrogen chloride (90 c.c.). The cooled solution was neutralised with silver 
carbonate and filtered, and the solvent evaporated at 60°/ 12 mm. The solid residue was exhaustively 
extracted with ether and the extracts were concentrated in a vacuum to a syrup (0*20 g., wf?* 1*4348) 
which was distilled giving the dimethyl ester of /(-f)-dimethoxysuccinic acid (0*15 g.), b. p. 90 — 1 10°/0*001 
mm. (bath temp.), nf' 1*4322, [a]’f?' -f 77° (c, 2*46 in methyl alcohol) (Found : OMe, 58*2. Calc, for 
C8H14O8 : OMe, 60*2%). The ester (120 m^.) with methyl alcoholic ammonia gave needle-shaped 
crystals of the diamide of /(-f-j-dimethoxysuccinic acid (76 mg,), m. p. and mixed m. p. 280° (decomp.), 
[aji?“ 4* 96° (c, 0*73 in water). 

Apple Pectin Polyester. — Apple pectic acid (Hirst and Jones, 1939, 466) (uronic anhydride, 73*0; 
OMe, 10*2%; equiv., 250; [a]f?* -b 230°) was converted by boiling with methyl alcoholic hydrogen 
chloride in the usual manner into the polyester which was isolated, as described above, as a snow-white 
powder. Yield, 65%; [alf?” + 226° (in neutral aqueous solution) (Found : OMe, 17*4%; equiv., 196). 
A sample of the polyester was treated with the calculated quantity of barium hydroxide and the 
resulting barium salts were precipitated by alcohol. The white solid was filtered off, washed with 
alcohol, and dried in a vacuum (Found: I3a, 24*6; OMe, 1*5. A methylpolygalacturonoside methyl 
ester containing eight units requires Ba, 27*7 ; OMe, 1*6%). 

Methylation, The polyester (6*0 g.) was dissolved in water (30 c.c.) and a hot solution of 2N-thallous 
hydroxide (100 c.c.) was added. The precipitated white thallium derivative was filtered off, washed 
with alcohol and ether, and dried at 60°/l2 mm. The powdered solid (120 mesh) was boiled with methyl 
iodide under reflux with the exclusion of light and moisture until the solid no longer had an alkaline 
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reaction. The solution was worked up as described for the strawberry polyester. Two further 
methylations with thallous ethoxide solution gave methylated apple polyester as a syrup (6*4 g.). This 
was dissolved in chloroform and separated by the addition of ether into (a) a crisp brown solid {1*8 g., 
Wd* -h 146° (in methyl alcohol) ; OMe, 39‘0%}, and (6) a syrup which was not further examined. 

Hydrolysis, Methylated apple polyester (1-10 g.) was dissolved in 4% methyl alcoholic hydrogen 
chloride (25 c.c.) and heated under pressure at 140 — 150“ for 24 hours. The cooled solution was 
neutralised with silver carbonate, filtered, and evaporated to a syrup (0*95 g.) which was exhaustively 
extracted with ether. Evaporation of the ether left a syrup (0-80 g.), 1*4842, — 15“ (c, 1*0 in 

acetone), which was distilled in a vacuum giving : (1) 0*10 g., b. p. up to 130“/0*001 mm. (bath temp.), 
Wd" 1*4805 ; (2) the methyl ester of 2 : 3-dimethyl methyl-i-galacturonoside (0*39 g.), b. p. 16070*001 mm. 
(bath temp.), w}?’ 1*4645, [o]i?’ — 30° (c, 1*6 in water) (Found : OMe, 48*1%) ; (3) 01 g. of syrup which 
partly crystallised, b. p. 175 — 200°/0*001 mm. 

Fraction (2) (0*37 g.) was hydrolysed with N-hydrochloric acid (25 c.c.) : [a]f?’ — 30° (initial value) ; 
-f 47° (IJ hours) ; -f 61® (3*75 hours, constant value). The cooled solution was neutralised with silver 
carbonate, and filtered before and after the passage of hydrogen sulphide. Evaporation of the solvent 
gave 2 : 3-dimethyl <f-galacturonic acid (0-32 g.), [aj|?’ 35° rising to -f 58° in 1 hour {c, 6*0 in water) 

(Found : OMe, 26*9; equiv., 226. Calc, for C8H14O7 : OMe, 27*9%; equiv., 222). The acid (0*30 g.) 
was dissolved in water (7 c.c.) and oxidised with bromine (Ic.c.) for 12 hours. The solution was then 
non-reducing. Bromine was removed by aeration and the solution neutralised with silver carbonate and 
filtered before and after the passage of hydrogen sulphide. Evaporation of the solution gave 
2 : 3-dimethyl d-mucic acid (0*30 g.) which was converted into the methyl ester of the 1 : 4-lactone of 
2 : 3-dimethyl <f-mucic acid by boiling 3% methyl alcoholic hydrogen chloride (50 c.c., 7 hours). The 
solution was worked up in the usual manner and the crude ester lactone (0*31 g.) distilled giving the 
methyl ester of the 1 : 4-lactone of 2 : 3-dimcthyl f?-mucic acid (0*26 g.), b. p. ]60°/0*001 mm. (bath 
temp.), Wj?” 1*4650. The distillate crystallised on nucleation with an authentic specimen of the ester 
lactone. Trituration with ether and filtration gave crystals (0-20 g.). m. p. and mixed m. p. with an 
authentic specimen, 96° (Found : OMe, 38*6%). 
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229. Pectic Suhstayices. Part VI. The Structure of the Arahan 

from Arachis Hypogea. 

By E. L. Hirst and J. K. N. Jones. 

The constitution of the arahan component of the pectic material present in the peanut 
(Arachis Hypogea) has been further investigated. On hydrolysis of the methylated arabaii, 
trimethyl mcthyl-Z-arabofuranoside, 2 : 3-dimethyl mcthyl-/-arabinosidc, and a monomethyl 
methyl-I-arabinoside were isolated in the approximate proportions 1:1:1. The monometliyl 
arabinose has now been identified as the 2-methyl derivative, and no other monomethyl 
/-arabinose could be detected. The bearing of these results on the structure of araban is 
discussed. 

Araban s isolated from several sources of pectin have already been examined, and in all cases 
it has been demonstrated that on hydrolysis the methylated polysaccharide gave rise to three 
derivatives of arabinose in approximately equal proportions (Hirst and Jones, /., 1938, 49G; 
1939, 454, 456, 1805). These arabinose derivatives were identified as 2:3: 5-trimethyl 
/-arabofuranose, 2 : 3-dimethyl /-arabinose, and a monomethyl /-arabinose which was 
provisionally identified as 3-methyl /-arabinose. The identification of this substance was 
dependent upon the following observations : (1) The sugar had no methoxyl group on C5, 
since on acidic hydrolysis of the glycoside it gave a derivative of /-arabopyranose characterised 
by its high positive rotation ; (2) it had a hydroxyl group on C4, since on oxidation it gave a 
furano-lactone showing a negative rotation and a characteristic slow rate of hydrolysis. 
Moreover, the rate of hydrolysis of the original araban indicated that all the arabinose 
components were present in the furanose form and therefore that the hydroxyl group on C4 
was engaged in ring formation and could not be replaced by a methoxyl group after methylation 
(Hirst and Jones, /., 1939, 454). Only tAvo possibilities, therefore, for the monomethyl 
derivative remained. It could be either 2- or 3-methyl /-arabinose. The latter was thought 
to be the sugar present in the hydrolysis products of the methylated araban since the amide 
from the syrupy hydrolysis product gave a positive Weerman test, indicating the presence of an 
a-hydroxy -amide. It has now been ascertained that this positive test was due to the presence 
of a small quantity of /-arabonamide in the crude syrupy amide, a trace of /-arabinose being 
present in the monomethyl arabinose fraction owing to the difficulty encountered in separating 
4k 
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these two high boiling fractions. In order to obtain further insight into the constitution of the 
monomethyl arabinose the two sugars, 2- and 8-methyl /-arabinose were synthesised and 
crystalline derivatives of them were prepared (Jones, Kent, and Stacey, in the press; Hirst, 
Jones, and Williams, in the press). Crystalline derivatives have now been obtained from the 
monomethyl fraction of the hydrolysis products from methylated araban, and by comparison 
of these with the synthetic material it has been established beyond doubt that the monomethyl 
fraction consists almost exclusively of 2-methyl /-arabinose (see experimental section). The 
isolation of the crystalline 2-methyl /-atabinose phenylhydrazone, 2-methyl 3 : 4-monoacetone 
/-arabinose, and ^-methyl \-avahonamide derivatives from the monomethyl fraction was aided 
by the previous preparation of synthetic crystalline derivatives and by the fact that larger 
quantities of methylated araban of higher purity were available. This was rendered possible 
by the observation that araban, which was the major component of the pectin, was methylated 
much more rapidly than galactan and pectic acid and that the latter can be converted into 
soluble acid products on heating with 30% sodium hydroxide in the presence of air wnthout 
destruction of the araban. 

With the larger quantities of methylated araban available, it was possible to carry out a 
rigorous fractionation of the methylated product and thus to obtain a homogeneous product 
which showed — 180® in methyl alcohol. It was demonstrated, from observation of the 
refractive indices and methoxyl values of the fractions obtained on distillation of the products 
of methanolysis of the methylated araban, that trimethyl, dimethyl, and monomethyl arabinoses 
are present in equimolecular proportions. The trace of unmethylated arabinose which is also 
present appears to arise either through incomplete metltylation of the polysaccharide or by 
dem ethylation of the arabinose fractions during methanolysis. 

From these observations the general type of structure present in the araban becomes 
apparent. The polysaccharide contains only the three residues A\ . . . ., ... 5^1 ... ., and 
; * ; 1 . . . present in equimolecular proportions, A representing an arabofuranose unit linked 
through the positions indicated. A branched chain structure with terminal arabofuranose 
residues is clearly present, but the present data do not enable us to differentiate between a main 
chain of arabofuranose residues composed solety of ; ; 1 . . residues and one comprising both 

this residue and . . .5^ 1 . . . . From rotational data the /-arabofuranoside links have the 
a-configuration, and the general lines of the structure are illustrated in (I) which represents one 



of the formulae consonant with the experimental observations, but it is obvious that certain 
simple variations of this formula are also in agreement with the available experimental 
evidence. The problem of distinguishing between these requires thfe development of novel 
methods of attack, and experimental work is now being undertaken with this object in view. 
The branched chain of this polymer, which is composed only of /-arabofuranose residues, proves 
that the araban cannot be formed in the plant directly, as a polymer, by simple processes of 
oxidation and decarboxylation from either the galactan or the pectic acid associated with 
pectin. The origin and mechanism of the formation of araban remains therefore to be determined . 

Experimental. 

The seeds (14 kg.) were defatted with benzene and the protein was removed in the usual manner. 
The residual material was extracted with aqueous potassium hydroxide and crude araban isolated using 
the conditions described by Hirst and Jones (too, cti.). A portion (60 g.) of the isolated polysaccharides 
(100 g.) was methylated with sodium hydroxide and methyl sulphate.' After two methylations crude 
methylated araban was isolated by the addition of acetone followed by filtration of the solution to remove 
insoluble sodium salts and polysaccharide material. After the insoluble methylated material had been 
separated the aqueous solution was acidified and extracted with chloroform. Concentration of the 
extract gave some methylated pectic acid (4 g.), + 114° (c, 0-67 in methyl alcohol) (Found : OMe, 
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38%). The filtered acetone solution on evaporation gave a pale yellow sticky solid which was further 
methylated by use of Purdie's reagents. The polysaccharide (36 g.) was fractionated from chloroform 
(100 c.c.) by the gradual addition of light petroleum (b. p. 40 — 60°), giving : 


Fraction A 
Fraction B 
Fraction C 
Fraction D 
Fraction E 


(0*9 g.), mainly inorganic material. 

(6-2 g.), [a]ff - 144° (c, 1*1 in methyl alcohol) (Found : OMe, 38*7%). 
(16 g.). [a]?f ~ 176° (c, 1*3 in methyl alcohol) (Found : OMe, 38*3%). 
(8*1 g.), [ajff ~ 180° (c, 0*7 in methyl alcohol) (Found : OMe, 38*0%). 
(4*0 g.), [a]Sf - 179° (c, 0*9 in methyl alcohol) (Found : OMe, 38-0%). 


All these fractions were pale yellow sticky solids. The residue (1-0 g.) was discarded. 

Trial Hydrolysis. — Fraction 1) (7*9 g.) was dissolved in methyl alcohol (76 c.c.)-water (26 c.c.) 
containing oxalic acid dihydrate (0*1 g.) and boiled under reflux in an attempt to bring about a graded 
hydrolysis of the polysaccharide (see Hirst and Young, 1939, 1480). The optical rotation (— 184°) 
remained constant and no hydrolysis occurred during 20 hours under these conditions even when the 
oxalic acid concentration was raised to 0*6 g./lOO c.c. Accordingly, oxalic acid was removed by 
neutralisation with calcium carbonate and the unchanged polysaccharide submitted to hydrolysis with 
boiling methyl alcohol (100 c.c.) containing hydrogen chloride (2 g.) for 30 hours. Change of optical 
rotation could not be observed owing to darkening of the solution. The cooled solution was neutralised 
by cautious addition of ethereal diazomethane and the solvents were removed at 60°. The residual 
syrup (9*4 g.) was then fractionated by continuous extraction from aqueous solution (Z) with light 
petroleum (b. p. 40 — 60°) giving an extract — Fraction 1 (2*89 g.), wj?* 1*4360 — which was distilled yielding 
Fraction \a (2*64 g.), b. p. 130°/ 12 mm., wjf* T4362 (Found : OMe, 60*0%), and a still residue (0*28 g.). 
The aqueous solution (Z, above) was then extracted continuously with ether and the extracts 
concentrated at 40° to a syrup — Fraction 2 (3*68 g.) — which was added to the still residue (0*28 g. above) 
and the whole fractionally distilled giving Fraction 2a (1*3 g.), b. p. 120°/0*2 mm., 1*4462 (Found : 
OMe, 62*3%); Fraction 2b (1*87 g.), b. p. 125°/0 01 mm., 1*4487 (Found : OMe, 47*8. Calc, for 
CgHigOg : OMe, 48*4%) ; still residue (S, 0*62 g.). The aqueous solution (Z) after extraction with light 
petroleum and ether was evaporated in a vacuum to a syrup which was combined with the still residue 
(S, 0*62 g.) and the mixture (2*8 g.) distilled under reduced pressure giving Fraction 3a (0*25 g.), b. p. 
125°/0*01 mm., w??' 1.4582 (Found : OMe, 43*7%) ; Fraction 3b (1*06 g.), b. p. 126°/0*0l mm., 1*4662 
(Found : OMe, 42*2%) ; Fraction 3c (0*68 g.), b. p. 125°/0*01 mm., wjf* 1*4750 (Found : OMe, 24*8%), 
and a still residue (0*76 g.) (Found : OMe, 26*1%). 

Fraction la on hydrolysis gave 2:3; 6>triraethyl /-arabofuranose in quantitative yield, [a]x?“ — 38° 
(in water), identified by conversion into the crystalline lactone, m. p. 29°, of 2:3: 5-trimethyl 
/-arabonolactone and into 2:3: 6-trimethyl /-arabonamide, m. p. 139°. Fraction 2a was a mixture of 
the methyl glycosides of 2 : 3 : 5-trimethyl /-arabofuranose and 2 : 3-dimethyl /-arabinose since it was 
separated into 2:3: 6-trimethyl methyl-/-arabinoside (0-90 g.), identified as crystalline 2:3: 6-trimethyl 
/-arabonolactone, m. p. 29° — prepared in the usual manner — and 2 : 3-dimcthyl methyl-/-arabinoside 
(0*36 g.), 1*4454, on fractional extraction from aqueous solution with light petroleum (b. p. 40 — 60°). 

This last fraction was combined with Fraction 2b and the whole (2*1 g.) hydrolysed with N-hydrochloric 

acid at 100° ; [a]??’ — 35° >- [a]!?* -f 92° (constant value). The resultant syrup (1*9 g.) ([aij>* -f- 104°, 

c. 1*1 in water) (Found : OMe, 34*4. Calc, for C7H14O5 : OMe, 34*6%), i.solated in the usual manner, 
was mainly if not entirely 2 : 3-dimethyl /-arabinose since it gave, in good yield, the corresponding 2 : 3- 
dimcthyl anilino-/-arabinosc, m. and mixed m. p. 139°. On refluxing it with alcoholic aniline, no other 
derivative of arabinose could be detected. 

Fractions 3a and 3b were combined (1*80 g.) and separated by fractional extraction from water with 
ether into 2 : 3-dimethyl methyl-/-arabinoside (0*8 g.), identified, after hydrolysis to 2 : 3-dimethyl 
/-arabinose with N-hydrochloric acid, as 2 : 3-dimcthyl anilino-/-arabinose, m. p. and mixed m. p. 139°. 
The more water-soluble fraction (1*0 g.) was 2-monomethyl methyl-/-arabinoside which was combined 
with Fraction 3c and the whole (1*65 g.) hydrolysed with boiling N-sulphuric acid (25 c.c.) ; [ajfy” + 81° 

(con.stant value) >• -f- 94° (constant value after 6 hours). The residual syrup (1*3 g.) did not crystallises 

(Found : OMe, 19*4. Calc, for C^HjaOs : OMe, 18*9%). A sample, on refluxing with alcoholic phenyl- 
hydrazine, gave 2-methyl /-arabinose phenjdhydrazone, m. p. and mixed m. p. 115° (sec below). On 
shaking a sample of the syrup with acetone and anhydrous copper sulphate, 2-methyl monoacetone 
/-arabinose was formed in quantitative yield, m. p. and mixed m. p. 117° (Found : C, 52*7; H, 7*8; 
OMe, 15*2. Calc, for CgHieOg : C. 62*9; H, 7*8; OMe, 15*2%). 

A portion (0*66 g.) of the still re.sidue was hydrolysed with hot N-sulphuric acid (18 c.c.). The syrup 
(0*66 g.), [a]© 4- 92° (Found : OMe, 17*4%), isolated in the usual manner was almost entirely 2-methyl 
/-arabinose since it gave the corresponding crystalline phenylhydrazone, m. p. and mixed m. p. 116°, 
on refluxing with an alcoholic solution of phenylhydrazine. Some /-arabinose was also present since 
the syrup gave, in small yield with an alcoholic solution of benzoylhydrazine, a precipitate of /-arabinose 
benzoylhydrazone, m. p. 184°. 

Large Scale Hydrolysis of Methylated Araban. — Fraction C (14*46 g.) was hydrolysed by boiling with 
methanolic hydrogen chloride (100 c.c.; 1%) for 12 hours. Changes in optical rotation were not 
observable owing to darkening of the solution. The cooled solution was neutralised with a slight excess 
of diazomethane in ether and the solvents were removed as quickly as possible at 70°. The syrupy 
residue (17*1 g.) was then dissolved in water (60 c.c.) and extracted continuously for 24 hours in an 
all-glass apparatus with light petroleum (sulphur-free, b. p. 35 — 37°). After removal of the solvent at 
40° there remained a syrup (7*05 g., wj?* 1*4388). The aqueous solution was then extracted continuously 
for a further 24 hours with ether. Concentration of the extracts gave a syrup (4*75 g.). The residual 
aqueous solution on removal of water gave a syrup (6*2 g.) which was extracted with chloroform, giving a 
syrup (6*0 g.) soluble in chloroform and leaving crystalline /S-methyl-/-arabopyranoside (0*2 g.), m. p. 
164-~168° not depressed on admixture with an authentic specimen. 

Fractional Distillation of the Syrups. — The light-petroleum-soluble syrup (7*05 g., n^" 1*4388) was 
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distilled at 20 mm., giving : Fraction 4 (4*94 g.), b. p. 145*^ (bath temp.), wf?* 1*4359 (Found : OMe, 
59*2. Calc, for CgHisOg : OMe, 60*2%); Fraction 5 (1*46 g.), b. p. 155°, wff* 1*4432 (Found : OMe, 
54*0. Calc, for CsHi^Os : OMe, 48-4%). The still residue (0*69 g.) was added to the ethereal extract 
(4*75 g.) and the whole distilled at 0-01 mm. giving Fraction 6 (2*34 g.), b. p. 1 10° (bath temp.), 1*4515 
(Found : OMe, 48*4. Calc, for CgHigOa : OMe, 48*4%). The syrup soluble in chloroform (5 g., see 
above) was addtxl at this stage and the distillation continued. Fraction 7 (2*55 g.), b. p. 140° (bath 
temp.), w'ff 1*4565 (Found ; OMe, 48*1. Calc, for CgHj^gOg : OMe, 48-4%) ; Fraction ^ (2-\\ g.), h. 
155° (bath temp.), wf,** 1*4672 (Found: OMe, 40*3. Calc, for CyHigOg : OMe, 34*8%); Fraction 9 
(1*06 g.). b. p. 160 ' (bath temp.), 1*4715 (Found : OMe, 34*9. Calc, for C 7 H 14 O 5 : OMe, 34*8%) ; 
Fraction 10 (0*65 g.), b. p. 190° (bath temp.), 1*4745 (Found : OMe, 32*1. Calc, for C 7 FIi 40 g : 
(JMe, 34*8%). The still residue (1*20 g.) (Found ; OMe, 30*5%) was methylated with Purdie’s reagents 
(sec below). 

Examination of the Fractions. — A portion of Fraction 4 (4*84 g.) was dissolved in N-sulphuric acid 
(25 c.c.) and hydrolysed at 90° for 3i hours ; [a]|)®‘ — 86 ° — >- — 30° (constant value) . The sugar (4*5 g.) 
was isolated by continuous extraction of the solution with chloroform (Found : OMe, 48*0. Calc, for 
CgHiftOg : OMe, 48*4%). The sugar was converted into 2:3: 5-trimethyl /-arabonolactone by the 
following general method. The sugar (4*5 g.) was dissolved in N-sodium hydroxide (150 c.c.), and iodine 

1 12 g.) added. After 12 hours, excess of iodine was removed with .sulphur dioxide and the solution then 
acidified with sulphuric acid and extracted continuously with chloroform. Concentration of the 
chloroform extract gave a syrup (4*3 g.), wf?" 1*4448, which crystallised on nucleation with 2:3: 5- 
trJmethyl /-arabonolactone, m. p. and mixed m. p. with an authentic specimen, 28°. This fraction 
therefore consists entirely of 2 : 3 : 5-trimethyl methyl-/-arabiiioside. 

Fraction 5 (1*45 g.) was dissolved in N-sulphuric acid (25 c.c.) and hydrolysed on the steam-bath; 
Wd“ — 81° — [ajl)®’ 'f 30° (final value). The free sugars (1*35 g.) isolated in the usual manner 
(Found : OMe, 41*8%) were oxidised with bromine (2 c.c.) in water (5 c.c.) for 12 hours. The lactones — 
isolated by chloroform extraction of the solution after removal of excess of bromine — were distilled in a 
vacuum giving impure 2:3: 5-trimethyl /-arabonolactone (0*7 g.), m. p. 20°, and impure 2 : 3-dimethyl 
/-arabofuranolactone, b. p. 130° (bath temp.)/0*4 mm., wf}" 1*4678. The lactones gave, wdth alcoholic 
ammonia, the corresponding crystalline amides, viz., 2:3: 5 -trimethyl /-arabonamidc, m. p. 138°, and 

2 : 3-dimethyl-/-arabonamidc, in. p. 161°. It is inferred that this fraction consists of 2 : 3 : 5 - trimethyl 
and 2 : 3-diinethyl niethyl-/-arabinoside in approximately equal proportion. 

Fraction 6 (2*22 g.) was hydrolysed by boiling with N-sulphuric acid (20 c.c.) for 3 hours; [a]'!?* 
— 5l°— > -I- 101° (constant value). The resultant 2 : 3-dimethyl /-arabinose (2*0 g.) was isolated by 
exhaustive chloroform extraction of the solution after neutralisation with N-sodium hydroxide. Since 
this fraction showed an inversion of sign the material was 2 : 3-dimethyl methyl-/-arabinoside mainly 
in the furanose form. 

Fraction 7 (2*42 g.) was dissolved in N-sulphuric acid and hydrolysed by heating the solution to 90° ; 
[a]i?’ -}- 56° — V -b 102" (constant value). The syrupy sugar was isolated from the neutralised solution 
by exhaustive chloroform extraction (yield, 2*2 g.). This fraction was 2 : 3-dimcthyl mcthyl-/- 
arabinosidc mainly in the pyranose form. 

The sugars from Fractions 6 and 7 were combined (4*2 g.), [a]?}” -f 104° (c, 1*3 in water) (Found : 
OMe, 34*6. Calc, for 07111405 : OMe, 34*8%), and oxidised by dissolving in water (10 c.c.) containing 
bromine (5 c.c.). The solution became hot and was left for 12 hours. Bromine was then removed, first 
by aeration, and then by passage of sulphur dioxide. The solution was then extracted exhaustively 
with chloroform and the resultant 2 : 3 -dimethyi /-arabofuranolactone ( 4*1 g.) purified by distillation in 
a vacuum; b. p. 140° (bath terap.)/0*5 mm., n^’ 1*4575. With alcoholic ammonia the lactone gave 
2 : 3-dimethyl /-arabonamide, m. p. 162°, in quantitative yield. 

I^raction 8 was a mixture of 2 : 3-dimethyl me thy l-/-ara binoside and 2-methyl methyl-/-arabinoside. 
Partial separation of the components was achieved by the following method. The glycosides (2*0 g.) 
were dissolved in acetone (25 c.c.) containing hydrogen chloride (1 g.) (see Hirst and Jones, 1939, 
456). After 20 hours the solution was poured into an aqueous solution of sodium hydrogen carbonate 
and the neutral solution extracted with chloroform. The extracts were dried (K^COg), filtered, and 
concentrated to a syrup (1*74 g.) which was distilled under reduced pressure giving a first fraction, b. p. 
106° (bath temp.)/0*5 mm. (0*6 g.), 1*4500 (Found : OMe, 30*0. Calc, for 2-methyl monoacetone 

methyl-/-arabinoside : OMe, 28*4%), and a second fraction, b. p. 120°/0*5 mm. (0*8 g.), wj?* 1*4610 (Found : 
OMe, 43*0. Calc, for 2 : 3-dimethyl methyl-/-arabino.side : OMe, 48*4%). The still residue was mainly 
2-methyl methyl-/-arabinoside (Found : OMe, 36*0. Calc, for C 7 HJ 4 O 5 : OMe, 34*8%). The impure 
2-methyl monoacetone methyl-/-arabinoside (0*6 g.) was hydrolysed with boiling N-sulphuric acid, 
[ciId’ "f 100° (final value), and the sugar (0*3 g.) isolated in the usual manner. It was identified, after 
boiling with alcoholic phenylhydrazine, as 2 -methyl /-arabinose phenylhydrazone, m. p. and mixed 
m. p. 115°. This same derivative was isolated after boiling the free sugar, obtained from the hydrolysis 
of the still residue with hot N-sulpliuric acid, with alcoholic phenylhydrazine. The second fraction 
(above) on hydrolysis w'itli boiling N-sulphuric acid (20 c.c.) gave 2 : 3-dimethyl /-arabinose which was 
identified as its anilide, obtained by boiling an alcoholic solution of the sugar with aniline, m. p. 138° 
not depressed on admixture with an authentic specimen. 

Fractions 9 and 10 consisted of 2-methyl methyl-/-arabinoside. These fractions were combined and 
the syrup (1*66 g.) hydrolysed with boiling N-sulphuric acid (20 c.c.) ; [a]|f 104° (final value; initial 

value not observable). The free sugar (1*6 g.) was isolated after neutralisation of the solution with 
barium carbonate followed by filtration and concentration under reduced pressure (Found : OMe, 18*7. 
Calc, for CeHnO* : OMe, 18*9%). 

A portion of the syrup (0*1 g.) on heating with alcoholic phenylhydrazine gave 2-methyl /-arabinose 
phenylhydrazone (0*1 g.), m. p. 115° not depressed on admixture with an authentic .specimen. The 
syrup (0*4 g.) was oxidised with bromine (1 c.c.) in water (5 c.c.) at 30° for 12 hours. Bromine was 
removed by aeration and the 2-methyl /-arabonolactone isolated by exhaustive extraction of the solution 
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with chloroform. The lactone (0*35 g.) did not crystallise, but with an alcoholic solution of ammonia it 
gave 2-methyl l-arabonamide (0*3 g.), [a]D + 51° (c, 1*1 in water), m. p. 130° depressed to 124° on 
admixture with 3-methyl /-arabonaniide, m. p. 131° (Found: C, 40*1; H, 7-4; N, 7-8; OMe, 17-2. 
C«Hi 805N requires C, 40-2; H, 7*3; N, 7-8; OMe, 17*3%). 2-Methyl d-arabonamide has [a]D — 53 * 
(in water), m. p. 131° (Schmidt and Simon, J. pv, Chem., 1942, 162, 199). 

To prove the absence of any quantity of 3-methyl /-arabinose, the following procedure was adopted. 
The syrupy sugar (TO g.) was boiled with 3^ methyl-alcoholic hydrogen chloride for 24 hours to ensure 
a maximum conversion into the pyranoside derivative. The solution was neutralised with silver 
carbonate and filtered, and the residual non-reducing syrup (0-92 g.), [aJxy" -f- 143° (c, 0-9 in water), was 
dissolved in water and oxidised with excess of sodium periodate solution (30 c.c. ; 0*3 m) for 24 hours. 
The aqueous solution was then extracted, first with ether, which is known to extract monomethyl 
iiiethyl-Z-arabinoside very slowly indeed, and then with chloroform. Concentration of the ethereal 
extract gave a mobile reducing syrup (0-7 g.) from which no identifiable product could be isolated. The 
chloroform extract on concentration gave a sticky brown solid (0-2 g.), which on hydrolysis with 
N -sulphuric acid was completely decomposed with the formation of resinous products. No 3-methyl 
/-arabinose, which would not have been oxidised with sodium periodate, could be detected, nor could 
any derivative of 3-methyl /-arabinose be isolated. It is concluded that any appreciable quantity of 
3-methyl /-arabinose is absent from the products of hydrolysis of methylated araban. 

The still residue (T2 g.) was methylated with silver oxide and methyl iodide (twice) and the syrupy 
sugar distilled in a vacuum giving a mobile syrup (0*9 g.), T4480 (Found : OMe, 69*1%), which on 

hydrolysis with boiling N-sulphuric acid gave 2:3: 4-trimethyl /-arabinose, 1‘4540, [a]|?’ -f- 112° 
{c, 1-1 in water) (Found : OMe, 40-0%). 

On oxidation with bromine water the syrup (0-4 g.) gave the corresponding 8-lactone, isolated as the 
crystalline amide, m. p. 95° (Found : OMe, 44*2. Calc, for C 8 Hi, 05 N : OMe, 44-9%). 

From an examination of the various fractions, it may be calculated from the values of refractive 
index and methoxyl of each fraction that the sugars 2:3: 5-trimethyl /-arabinose, 2 : 3-dimethyl 
/-arabinose, and 2-methyl /-arabinose are present in a ratio approximating very closely to 1 : 1 : 1. 

The University, Manchester. [Received, November 2Sth. 194(1.] 


230. Pectic Substances. Part VII. The (Jonstitution of the Galactan 

from Liipiniis albus. 

By E. L. Hirst, J. K. N. Jonks, and (Mrs.) W. O. Waluer. 

A galactan has been isolated from the pectin component of Lupinus albus. This 
polysaccharide is a linear polymer built up of rf-galactose residues which, after methylation 
followed by hydrolysis, yields 2:3: 6-trimethyl ^/-galactose together with a small amount of 
2:3:4: 6-tetramethyl ^-galactose from the end group. The amount of this latter sugar 
corresponds to an average repeating unit of approximately 100 galactose residues. The 
isolation of this polysaccharide is further evidence that galactan is not converted into araban 
by a simple process of oxidation followed by decarboxylation of the resultant uronic acid 
residue. 


IMost samples of pectin on hydrolysis furnish a mixture of the three sugars (^-galactose (I), 
(/-galacturonic acid (II), and /-arabinose (111), and at one time it was considered possible that 
pectin w^as a single substance which possessed a cyclic structure built up from these residues. 
Ehrlich, however, demonstrated that pectin contained an araban as a separate entity, and 
subsequent wwk has indicated that at any rate most of the arabinose encountered in pectic 
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materials is present in the form of this araban component. It seemed probable that the 
galactose residues also might be present as a separate polysaccharide, and it is shown in the 
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present communication that the pectic material of the seeds of the white lupin does in fact 
contain a galactan, which can be separated from the pectic acid and the araban components. 
Since the conversion of (I) into (III) may proceed in Nature through (II), which then undergoes 
decarboxylation, it w’as of considerable interest to examine in detail the constitution of this 
galactan and to determine whether it was unbranched, as in pectic acid, or branched, as in 
araban, and thus to decide whether it could be structurally related to either the pectic acid or 
the araban component of pectin. In the former case the sugar residues should be of the pyranose 
form and linked through a-linkages, whilst in the latter case the if-galactose residues should be 
of the furanose form. 

In common with many other plant materials the seed of the white lupin contains material 
which on hydrolysis is converted into ^f-galactose and /-arabinose (“ The Principles of Plant 
Biochemistry M. W. Onslow, Cambridge University Press, 1931 Edtn., p. 72). Professor 
M. Skene of the University of Bristol had informed us that these seeds were a particularly rich 
source of pectin, and we investigated their carbohydrate content with the object of isolating 
the galactan component. We found that the carbohydrate fraction of the seed contained a 
pectin-like material in which the percentage of uronic acid component and of araban was much 
lower than any other sample of pectin we had hitherto encountered, and thus enabled us to 
obtain, in a relatively easy manner, a sample of the galactan. Associated with this galactan 
there was an araban which could be partly removed by extraction with 70% alcohol and a 
pectic acid which could be precipitated as calcium pectatc. The araban showed the same ease 
of hydrolysis and high negative rotation as the araban associated with apple, citrus, and peanut 
pectins. The pectic acid component could be converted into a degraded product (see Morrel, 
Baur, and Link, J, Biol. Chem., 1934, 105, 1) which had properties close to those of the 
corresponding polysaccharides from apple and citrus pectins. 

It was inferred, therefore, that we were dealing with a true pectin which was, however, 
particularly rich in galactan. This galactan, which could not be obtained completely free from 
adsorbed araban and pectic acid, had [ajp -f 38® in water. This value is low since the material 
still contained some 19% of pentosan and the corrected figure is therefore more likely to be 
about -j- 70"*. After methylation with thallium hydroxide and methyl iodide (Menzies, J., 
1926, 937; Hirst and Jones, 1938, 496) a methylated product was isolated which contained 
methylated araban and methylated galactan. The small quantity of pectic acid present was 
very difficult to methylate and was lost during the process (Hirst and Jones, loc. cit,). Methylated 
araban was separated from methylated galactan by extraction of the former from the mixture 
with ether. The ether-insoluble material had [a]©’ — 1 2° in methyl alcohol, this negative value 
being an indication that in methylated galactan the sugar residues are joined together by 
p-linkages and that the galactan cannot be directly related to pectic acid in which the sugar 
residues are joined together by a-linkages. Methylated galactan (IV) was resistant to 
hydrolysis and the rate of reaction corresponded to that of a typical galactopyranoside. 
Fractional distillation of the sugars formed on methanolysis of the methylated galactan led to 
the identification of tetramethyl <^-galactopyranose (V), isolated as its crystalline anilide, and 
2:3: 0- trimethyl iZ-galactose (VI), identified after oxidation as its crystalline furanolactone 
(VII). The inferences are, therefore, that the galactan is built up of ^^-galactopyranose residues 
linked through carbon atoms 1 and 4 and that the molecule isdinear. The optical rotatory 
power of the galactan points to the occurrence of fi-galactosido-linkages, and the amount of 
tetramethyl galactose isolated suggests that there is approximately one end group per 100 
galactose residues. 

In the absence of evidence concerning molecular weight it is not possible at present to say 
whether this figure represents the molecular size or the size of the repeating unit in a larger 
molecule. The type of structure present is shown in (VIII). The methylated araban could 



(VIIL) ^ (IX.) (X.) 


not be obtained in a pure state, and a complete examination of it could not be attempted. 
Nevertheless, methanolysis of the crude material, which still contained much galactan, gave 
some 2:3: 6-trimethyl methyl-/-arabinoside (IX) identified as crystalline 2:3: 6-trimethyl 
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^arabonolactone (X), the identity of which was confirmed by conversion into the corresponding 
crystalline amide. These arabofuranose residues were therefore terminal groups of the type 
previously found to be present in arabans associated with other pectic materials. 

It is clear from these results that the araban cannot be formed directly from this galactan 
by processes of oxidation and decarboxylation at position 6. If phytochemical changes of this 
type do occur it would be necessary to postulate the participation of three t>’pes of galactan and 
two types of pectic acid in the reactions concerned (cf. Hirst, 1942, 70). No evidence for 
the presence of isomeric pectic acids and galactans in pectic materials has yet been obtained, 
and it would appear much more likely that the various polysaccharides are formed by separate 
synthetic reactions. In addition, there remains the problem, still quite unsolved, as to whether 
the plant can utilise the «?-galactose residues present in the galactan and convert them after 
hydrolysis into pectic acid and araban, or whether the synthesis proceeds from material other 
than t^-galactose. On the basis of present knowledge the possibility cannot be ruled out that 
the simultaneous occurrence of the three stereochemically closely related substances ^^-galactose, 
d-galacturonic acid, and /-arabinose may have no immediate phytochemical significance. 

Experimental. 

Extraction of the Polysaccharides from the Seeds of Lupiniis albus. — After being soaked overnight in 
water, the seeds were stripped of their skins and milled twice. The protein matter was then extracted 
by stirring the finely ground material with aqueous sodium chloride solution (10%) for 3 hours, followed 
by filtration and repetition of the process thrice. The solid residue was then stirred with aqueous 
sodium hydroxide (0*2%) thrice for 12 hours at a time. Addition of hydrochloric acid to the filtrate 
then gave no precipitate, indicating the absence of any appreciable quantities of protein. The solid 
residue was then boiled with aqueous sodium hydroxide (0*2%) for 3 hours, after which it was filtered 
and the filtrate poured into methylated spirit (4 vols.). The precipitated polysaccharide was filtered 
off, washed with alcohol, and dried in a vacuum at 90°. The resulting product was extracted with water, 
the solution was centrifuged to separate insoluble material, and the polysaccharide was precipitated by 
addition of methylated spirit acidified with hydrochloric acid. The precipitate was then filtered off, 
washed until free from acid, and dried in^a vacuum at 90°. The product {A) was a non-reducing 
cream-coloured powder. Yield, 4%. -}- 52° (as sodium salt in water) [Found : furfuraldehyde, 

26*6; uronic anhydride, 8% (corresponding to an equiv. of 2200 and 2% of the total furfuraldehyde) ; 
N, nil; OMe, nil ; equiv., 1430 (by titration with 0*lN-sodium hydroxide)]. 

Hydrolysis of the Polysaccharide Material (A). — ^This material (16 g.) was boiled with N-sulphuric 
acid (260 c.c.) for 6 hours. Hydrolysis was then complete since the optical rotation and reducing power 
had become constant. A small quantity of fiocculent material (0*8 g.) was removed on the centrifuge 
and the solution was neutralised with barium carbonate and filtered. The filtrate was concentrated 
under reduced pressure at 40° and poured into metliyl alcohol (60 c.c.), and the precipitated barium 
salts were removed by filtration. The filtrate from the barium salts was concentrated under reduced 
pressure to a syrup which crystallised. The crystalline solid, m. p. 157° (3*6 g.), separated by filtration 
after trituration with methyl alcohol, was ^?-galactose since it gave mucic acid, m. p. 210°, after oxidation 
with nitric acid, and with methylphenylhydrazine it gave the pheiiylmethylhydrazone, m. p. and mixed 
m. p. with an authentic sample 186°. 

After removal of crystalline galactose the filtrate was concentrated to a syrup and made up to 250 
c.c. with water. An iodometric titration at this stage showed that the solution contained 10*3 g. of 
sugar calculated as hexose, or 8*6 g. calculated as pentose. Furfuraldehyde determinations on the 
solution indicated that pentose (3*9 g.) was present. Cemfirmation of this figure was obtained by 
determination of arabinose as its diphenylhydrazoiie by the method of Wise and Peterson (Ind. Eng. 
Chem., 1930, 22, 362). This determination indicated the presence of arabinose (3*9 g.). Other pentoses, 
except in traces, were therefore absent. Determination of galactose by the mucic acid method as 
modified by Wise and Peterson {loc. cit.) indicated the presence of galactose (6*1 g.). These figures for 
arabinose (3*9 g.) and for galactose (6*1 g.) are in agreement with the total sugar content obtained by 
iodometric titration and show that (A) contains approximately 6% of galactose residues and 26% of 
arabinose residues. Some pectic acid is also present, 

(A) (100 g.) was shaken with 70% methyl alcohol (24 1.) for 3 months. The slurry was then 
centrifuged and the supernatant liquid evaporated to dryness. The residual solid (0*1 g.) had [a]j?" 
'—119° (c, 1*0 in water) and yielded 32% of furfuraldehyde on distillation with 12% hydrochloric acid, 
corresponding to the presence of 64% of pentose. 

Since (A) was possibly a mixture of an araban and galactan, a portion of it (3 g.) was boiled with 
O’OlN-oxalic acid at 100° until the optical rotation was constant. ^A small amount of insoluble material 
which separated appeared to be impure pectic acid ; it had [a]!?’ + 167° (in water) (Found : equiv., 
370). The solution was filtered before and after neutralisation with calcium carbonate, and concentrated 
to dryness. The residual solid was extracted with methyl alcohol and the solution filtered and 
concentrated to a syrup (0*286 g.) which had [a]ff* 4-91° in water and contained 36% of pentosan 
(calculated from the yield of furfuraldehyde obtained on distillation with 12% hydrochloric acid). 
The methyl alcohol-insoluble solid (2-0 g.) gave a negative test for pentoses and had 4- 77° in 

water. On hydrolysis with 1% sulphuric acid it gave 6?-galactose, m. p. and mixed m. p. 158°. The 
phenylmethylhydrazone had m. p. 184°. No other sugar could be detected. 

Purification of (A) by removal of calcium pectate. Crude (A) contained some uronic acid (see above) 
which was largely removed in the following manner. The polysaccharide (80 g.) was dissolved in cold 
water and neutralised with 0*lN-sodium hydroxide, and calcium chloride solution was added to 
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precipitate the polyuronide as its calcium salt. The insoluble material was then removed on the 
centnfuge and the water soluble polysaccharide mixture (B) was precipitated by addition of alcohol (5 
vols.); [a]^* 4- 38° in water (Found: uronic anhydride, 2%; furfuraldehyde, 9-6%; equiv., 3060). 

All attempts to separate completely the pentosan, gaiactan, and uronic acid fractions of (.4) either by 
acid treatment or by fractional precipitation were unsuccessful. Accordingly, {B) (16 g.) was methylated 
by the standard thallous hydroxide-methyl iodide procedure (Menzies, loc, cit, ; Hirst and Jones, he, 
cit,). The methylation was completed by boiling with methyl iodide and silver oxide. The product 
(12 g.) (Found : OMe, 42%) was isolated in the usual manner. 

Fractionation, The methylated product (12 g.) was dissolved in chloroform (60 c.c.) and fractionated 
by the portionwise addition of light petroleum (b. p. 40 — 60°). By this means the followdM fractions 
were obtained : Fraction I (0'9 g.), [a]f?* — 16° in methyl alcohol (Found : OMe, 40*3%), Fraction II 
(8*1 g.), [a]f?' — 12° in methyl alcohol [Found : furfuraldehyde (on boiling with 12% hydrochloric 
acid, see Bott and Hirst, /., 1932, 2621), 3*1 ; OMe, 39*1%]. F'raction III (2 g.), [a]|?‘ — 12° in methyl 
alcohol (Found ; OMe, 39*9%). Fraction IV (0*6 g.), [a]?>* — 13° in methyl alcohol (Found : OM!e, 
39*2%). Fraction V (0*4 g.), Mf?* — 15° in methyl alcohol (Found: furfuraldehyde, 9*6; OMe, 
37-6ji,). 

Fractions I, II, III, and IV were combined and re-methylated with silver oxide and methyl iodide 
since their methoxyl content was still low. The product, isolated in the usual manner, was separated 
into two fractions by extraction with boiling methyl iodide. This separation of the methylated 
polysaccharide into methyl iodide-soluble and -insoluble fractions indicated that there was a substantial 
difference in the physical properties of the two components. The analytical figures and optical rotations, 
however, showed little difference between the two fractions. This was confirmed on examination of 
the products of methanolysis of the two fractions (see below). The solubility difference observed is 
due probably to difference in molecular weight and not to a substantial difference in chemical constitution. 
No pentose could be detected in the products of hydrolysis of either fraction. 

The methyl iodide-soluble material (4 0 g.) had [a]!)’ — 16*7° in methyl alcohol (Found : C, 51*0; 
H, 7*7; OMe, 39*6%). No acidic groups (uronic acids) were present. The methyl iodide-insoluble 
material (7*4 g.) had [a]f?’ — 17° in methyl alcohol (Found : C, 61*6; H, 7*9; OMe, 41*6%). No acid 
groups (uronic acids) were present. 

Hydrolysis of the Fraction Soluble in Methyl Iodide. — This polysaccharide derivative was very 
resistant to methanolysis even on prolonged boiling with fairly high concentrations of hydrogen chloride. 
Accordingly the methylated polysaccharide (3*9 g.) was dissolved in a solution (60 c.c.) containing 
glacial acetic acid (2 vols.), concentrated hydrochloric acid (1 vol.), and water (1 vol.) and heated on 
a water-bath until the rotation was constant (8 hours). The solution was partially neutralised with 
barium carbonate (to remove all the hydrochloric acid) and filtered, and the filtrate and washings were 
evaporated to dryness under reduced pressure to remove acetic acid and water. The solid residue was 
extracted exhaustively with chloroform and the extracts were concentrated under reduced pressure and 
converted into the methyl glycosides by boiling with methyl alcoholic hydrogen chloride (3%, 7 hours). 
The resulting methyl glycosides (3*9 g.) were isolated and fractionally distilled giving : Fraction 1 
(0*30 g.), b. p. 129°/0001 mm., 1*4496 (Found: OMe, 64-1%). Fraction 2 (2-46 g.), b. p. 
140~.160°/0*0()1 mm., wf?’ 1*4668 (Found : OMe, 60*7%). Fraction 3 (0*38 g.), b. p. 160— 176°/0 001 
mm., wf?* 1*4560 (Found : OMe, 60*6. Calc, for CjoHgoOe ; OMe, 62*6%). Fraction 4 (0*33 g.), 
b. p. 176 — 240°/0*001 mm., 1*4686 (Found: OMe, 41*4%). Still residue (0*44 g.), not further 
examined. 

Examination of the fractions. Fractions 1 and 2 (2*7 g.) were combined and hydrolysed with 

N-hydrochloric acid (20 c.c.) at 90—96°. -f 20° (initial value) y +81° (3 hours, constant 

value). The solution was cooled, neutralised witli barium carbonate, filtered, and concentrated under 
reduced pressure to a solid which was exhaustively extracted with chloroform. On concentration the 
extracts gave a syrup (2*4 g.) ; wf)* 1*4772; [a]??* 4- 37° (in methyl alcohol) (Found : OMe, 40*9. Calc, 
for CjHjgOe : OMe, 41*8%). A sample of the syrup (0*039 g.) on dissolving in 3% methyl alcoholic 
hydrogen chloride (6 c.c.) showed a change of optical rotation identical with that given by 
2:3: 6-trimethyl d-galactose. [a]g** + 36° (initial value) ; + 8° (8J hours) ; + 0° (14 hours) ; — 16° 
(20 hours) ; — 26° (36 hours, constant value). The sugar (0*89 g.) was dissolved in water (6 c.c.) and 
bromine (1*5 c.c.) added. The solution was heated to 66° for 4 hours; a test sample after aeration to 
remove bromine then showed no reduction when heated with F"'ehling's solution. Bromine and 
hydrobromic acid were removed and the syrupy 2:3: 6-trimethyl d-galactonolactone was isolated after 
removal of solvent at 40°. On standing, the lactone crystallised ; it was purified by sublimation in a 
vacuum; m. p. 92°. Yield, 0*8 g. This product, further purified by recrystallisation from ether-light-^'' 
petroleum, had m. p. and mixed m. p. with an authentic sample, 98°. [a]|f' — 41° in water, initial 

value (Found: OMe, 4T0; equiv., 220. Calc, for C^HieO^: OMe, 42*4%; equiv., 220). The lactone 
was converted quantitatively by solution in liquid ammonia into the amide, m. p. and mixed m, p. with 
an authentic specimen, 133°. 

Fractions 3 and 4 were combined (0*7 g.) and hydrolysed with N-hydrochloric acid for 6 hours. The 
isolated sugars (0*66 g.) gave on oxidation crystalline 2:3: 6-trimethyl d-galactonolactone, m. p. and 
mixed m. p. 98°, in 60% yield. 

Hydrolysis of the Fraction Insoluble in Methyl Iodide. — A portion of the methylated polysaccharide 
(4*0 g.) was hycirolysed as described above and the methyl glycosides (4*6 g.) distilled giving : Fraction 
6 (0*28 g.), b. p. 116— 136°/0*001 mm., wfj* 1*4632 (Found : OMe, 60*2o/o). Fraction 6 (1*69 g.), b. p. 
136— 146°/0 0(fl mm., 1*4635 (Found : OMe, 61*4%). Fraction 7 (1*44 g.), b. p. 146— 176°/0*00l 
mm., 1*4548 (Found : OMe, 61*1%). Fraction 8 (0*47 g.), b. p. 176—19070*001 mm., wj?* 1*4688 
(Found : OMe, 48*8%). Fraction 9 (0*33 g.), b. p. > 190°/0 001 mm., 1*4672 (Found : OMe, 
43*6%). Still residue, 0*3 g.(not further examined). 

Fractions 6, 6, 7, and 8 had substantially the same constants ; they were combined and hydrolysed 
with N-hydrochloric acid for 4 hours ([o]^ + 88° constant value). The solution was neutralised with 
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barium carbonate and the sugar isolated (3*5 g.) ; wf?* 1*4770; [a]!?* -{■ 36° (in methyl alcohol) (Found : 
OMe, 40*6. Calc, for CsHigOj : OMe, 41*8%). 

A sample of the syrup showed a change of rotation in cold 2% methyl alcoholic hydrogen chloride, 
similar to that shown by 2 : 3 : 6-trimethyl d-galactose. [a]f?’ -f- 36° (initial value) ; + 6° (24 hours) ; 
0° (36 hours); — 11° (66 hours); — 26° (70 hours, constant value). On oxidation with bromine (1 
c.c.) in water (3 c.c.) the syrup (1*04 g.) gave 2:3: 6-trimethyl iZ-galactonolactone, m. p. 97°, isolated 
in 86% yield. [aJS* —41° (initial value, in water) (Found: OMe, 41*2; equiv., 220. Calc, for 
CgHieOg: OMe, 42-4%; equiv., 222). 

A portion of the syrup (0*58 g.) was boiled with aniline (0*3 c.c.) and alcohol (3 c.c.) for 3 hours. On 
concentration a syrup was formed which crystallised only after 3 months. The crystals were tiled and 
purified by recrystallisation from absolute alcohol. Yield, 30 mg.; m. p. 189°, not depressed on 
admixture with an authentic specimen of 2:3:4: 6-tetramethyl ^f-galactose anilide. Some 
2:3:4: 6-tetramethyl t^-galactose (end group) is therefore present in the sugar syrup. No arabinose 
derivative could be detected in the products of hydrolysis. 

Examination of Polysaccharide Fraction V. — Fraction V, the last fraction from the fractionation of 
the methylated polysaccharides with light petroleum (b. p. 40 — 60°), was purified by extraction with 
boiling light petroleum. The residual white solid (1*8 g.) [Found ; dimethyl pentosan (by furfural- 
dehyde estimation), 19*4% ; OMe, 40%] was subjected to methanolysis with boiling methyl alcoholic 
hydrogen chloride (3%) for 7 hours. The resulting methylglycosides (1*8 g.) were fractionally distilled 
giving : Fraction 10 (0*21 g.), b. p. 100°/0*01 ram., T4366 (Found : OMe, 61%). Fraction 11 
(0*24 g.). b. p. 100— 120°/0*001 mm., 1*4440. Fraction 12 (0*67 g.), b. p. 130— 150°/0*01 mm„ 
wf?’ 1*4668. 

Fraction 10 (0*21 g.) was hydrolysed with N-hydrochloric acid (10 c.c.). [a]^' — 47° (initial) fell to 

— 16° (constant value) in 2 hours. The syrupy sugar (0*19 g.) [Found : OMe, 43. Calc, for triraethyl 
/-arabinose (CgH^eOg) : OMe, 45*4%], after isolation, was oxidised with bromine (0*3 c.c.) in water 
(6 c.c.) for 21 hours at 65°. Bromine was removed by aeration, the solution neutralised with silver 
carbonate, and the lactone isolated as a sticky solid which was purified on the tile and then by 
recrystallisation from ether-light petroleum ; m. p. 29°, not depressed on admixture with an authentic 
specimen of 2:3: 6-trimethyl /-arabonolactone. The lactone on treatment with methyl alcoholic 
ammonia gave 2:3: 6-trimethyl /-arabonamide in quantitative yield, m. p. 134°, m. p. 136° on admixture 
with an authentic specimen of 2 : 3 : 6-trimethyl /- arabonamide. 

The estimated yield of 2 : 3 : 5-trimethyl /-arabinose was about 8% of Fraction V, approximately 
one-third of the total pentosan content of the crude methylated polysaccharide. Fraction 11 was not 
further investigated. Fraction 12 (0*6 g.) on hydrolysis and oxidation (for details see under Fractions 
1 and 2) gave 2:3: 6-trimethyl ^/-galactonolactone, m. p. 98°, in 80% yield. 

Identification of the Acidic Portion of the Polysaccharide as Pcctic Acid by Preparation of the Degraded 
Poly-ester. — The polysaccharide (76 g.) was treated with boiling N-sulphuric acid at 90° for 6 hours. 
This process destroyed the araban and most of the galactan leaving a partly degraded pectic acid which 
separated as a flocculent precipitate. The insoluble portion (6 g. ; equiv., 700) was filtered off and 
washed free from sulphuric acid, first with water and then with methanol. The solid w^as then boiled 
with 2% methyl alcoholic hydrogen chloride for 7 hours, and the insoluble residue w^as filtered off and 
washed free from hydrochloric acid with methanol. The solid was purified by dissolving in water and 
precipitating with ethanol. Yield 3 g. Ml?” -h 170° (in water) (Found: OMe, 17*9; equiv., 210. 
Calc, for methyl pectate: OMe, 16*3% ; equiv., 190). On oxidation a sample gave mucic acid in 46% 
yield. Pectic acid was therefore a component of the mixture of polysaccharides (A). 

The authors wish to thank Imperial Chemical Industries Ltd. for a grant. 
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231 . The Reactions of ’N-Benzenesulphonylbenzisothiazolone with 

Aromatic Amines. 

By (the late) Ernest W. McClelland and Raymond H. Peters. 

JV-Benzenesulphonylbenz/sothiazolone (I) reacts readily with aromatic amines, the 
hetero-ring being opened and the sulphur atom becoming attached to the /^-position of the 
amine to give substances of type (II) . Hydrolysis of (II) yields the 4-amino-2'-carboxydiphenyl 
sulphide, which by the action of sulphuric acid undergoes ring closure to give a 2-amino- 
thioxanthone (V). When the />-position of the aromatic amine is occupied by a substituent R 
(Me, OMe, or Cl) the sulphur atom becomes attached in the ortho-position relative to the 
amino-group of the amine and the product isolated is the lactam of the 2-amino-6-R-2'-carboxy- 
diphenyl sulphide (XI), benzenesulphonamide having been eliminated. The lactam yields the 
free amino-acid on hydrolysis. Sulphuric acid converts these acids into 4-aminothioxanthones 
(XIII). 2-Amino-2'-carboxydiphenyl sulphide yields a similar lactam when boiled in xylene 
with phosphoric oxide. 

The reaction of AT-benzenesulphonylbenzisothiazolone (I) with aniline had been observed by 
McClelland and Hart (/., 1939, 760), and preliminary experiments had also been made with 
dimethylaniline (Barton and McClelland, unpublished observations). In the present 
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investigation the reactions with a number of aromatic amines have been studied and the nature 
of the products established. 

The benzisothiazolone condenses with one molecular proportion of the amine and several 
possible formulae were considered for the products, such as (II), (III), and (IV). 

The compound from dimethylaniline is converted by heating with sulphuric acid into a 
dimethylaminothioxantlione. The formation of an aminothioxanthone is compatible with 
either formula (II) or (III) which would, however, give rise, respectively, to the 2- amd 
3-dimethylaminothioxanthones (V) and (VI). 



a 


S^NR 


-o 


CO-NH-SOaPh 
(IV.) 



2-DimethylaminotMoxanthone (V, R = R' = Me) w'as synthesised by a variation of Mayer*s 
method {Ber., 1909, 42, 3046) as follows. The action of ^^-dimethylaminothiophenol on 
diazotised anthranilic acid yielded 4-dimethylamino-2'-carboxydiphenyl sulphide, which 
was converted by sulphuric acid into the required 2-dimethylaminothioxanthone found to be 
identical with the substance under discussion above. The condensation product from dimethyl- 
aniline is therefore of type (II) and not (III). 

Similar results were obtained on using methylethylaniline and benzylmethylaniline, the 
aminothioxanthone being independently synthesised in the former case. 

The product of reaction with monomethylaniline was hydrolysed to an acid which must be 
(VII) since it gives an acetyl derivative. This excludes formula (IV) for this condensation 
product, and points to formula (II, R H, R' = Me). The substance also yields a 
thioxanthone, which by analogy must be 2-mcihylaminothioxanthone. 

The substance formed by condensation of the benzisothia^olone with aniline is now found to 
contain a free primary amino-group and is converted by sulphuric acid into 2-aminothioxanthone. 
This compound therefore has the structure (II, R = R' = H). In the production of the 
thioxanthones, sulphonic acids of the type (VI IT) are also obtained. With o-toluidine an 
analogous condensation occurred. 


0 “ 


OaH 

(VII.) 


•NHMe 



Benzylamine and phenylhydrazine do not condense with the benzisothiazolone in boiling 
alcohol, but cause opening of the ring and yield di-jV-benzenesulphonyl-2 : 2'-dithiobenzamide. 

On the other hand when the JV-benzenesulphonylbenzisothiazolone was condensed with 
para-substituted amines a different reaction occurred, benzenesulphonamide being eliminated. 
The thiazolone reacted in this manner with ^-toluidine, ^-anisidine, and ^-chloroaniline, but did 
not react with w’^eaker bases such as the nitroanilines or anthranilic acid. The products were of 
high melting point and inert to bromine ; they gave no colour with ferric chloride, were neither 
acidic nor basic, and gave no reaction for a keto-group. Their composition corresponded with 
that of the respective arylwothiazolone (I, in place of SOaPh) or an isomer of it. 

iV-^-Tolylbenzisothiazolone, however, prepared by the action of 2-chlorothiobenzoyl 
chloride on ^-toluidine, was found to be an entirely different substance from the condensation 
product from ^-toluidine. 

In view of the mode of reaction of benzylamine and phenylhydrazine with the benzisothi- 


azolone, mentioned above, the possibility was considered that a disulphide 

had been formed, the difference in composition being negligible. But, again, the disulphide 
prepared by the action of ^toluidine on 2 : 2'-dithiobenzoyl chloride was entirely different from 
the product under discussion : moreover the molecular weight of the corresponding substance 
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resulting from the reaction of ^-anisidine with the benzisothiazolone was not double as would 
be required for the disulphide. 

The condensation product yielded a dioxide soluble in aqueous sodium hydroxide and 
reprecipitated unchanged on acidification. Both the condensation product and its dioxide 
yielded monoacetyl derivatives. These were finally identified as lactams of the structure (XI) 
since hydrolysis with 65-— 66% sulphuric acid yielded in each case an aminocarboxylic acid. 
A thioxanthone is formed at the same time, which is evidently the result of further action of the 
sulphuric acid on the amino-acid. The acids must have the structure (XII) which should give 
4-aminothioxanthones (XIII). This was confirmed by preparing 4-amino- 1-methylthi- 
oxanthone from o-mercaptobenzoic acid and j^-toluenesulphon-/)-toluidide in sulphuric acid (cf . 
Ullmann and Glenck, Ber., 1916, 49 , 2499) ; the product was identical with the thioxanthone 
from the amino-acid derived from the condensation product of ^-toluidine and the benzene- 
sulphonylbenzisothiazolone. 



CO-NH COgHR CO R 

(XI.) (XII.) (XIII.) 


The condensation products in question are thus lactams of the amino-acids of type (XII) . 
These acids when heated with alcoholic hydrochloric acid were partly converted into the lactam. 
Acetic anhydride or phosphoric oxide also regenerated the lactam (XI) together with some of the 
thioxanthone in the latter case. 

The seven-membered ring here present is not unusual in view of the presence of two 
u-phenylene groups, but it was thought desirable to provide the following confirmatory evidence. 
The parent sulphide, 2-amino-2'-carboxydiphenyl sulphide (Mayer, loc, cit,) with phosphoric 
oxide yielded a corresponding cyclic lactam together with some 4-aminothioxanthone. This 
was entirely similar in behaviour to the condensation products from A'-benzencsulphonylbenz- 
wothiazolone with para-substituted amines. Oxidation also gave a sulphone of similar 
properties, and this too was prepared independently from the sulphone of 2-nitro-2'-carboxy- 
diphenyl sulphide. 

The reaction of the benzfsothiazolone with para-substituted amines therefore proceeds thus : 



R-CeH4*NH2 




-f- R'NHo 


and it follows that the products should be independent of the particular radical R' present. 
This was confirmed by causing the iV-jb-toluenesulphonylbenzfsothiazolone to react with 
/?-anisidine ; the product was identical with that from iV-benzenesulphonylbenzisothiazolone. 

Attempts to bring about reaction between dimethylaniline and iV-methyl-, A"-phenyl-, 
AT-^-tolyl-, JV-jfJ-nitrophenyl-, or isr-benzoyl-benzisothicizolone gave negative results, and it 
appears that this type of reaction of the arylsulphonylbenztsothiazolones depends on the joint 
action of the SOg and CO groups attached to the same nitrogen atom, the simultaneous presence 
of which facilitates the rupture of the heterocyclic ring. 


Experimental. 

Reaction of l^-Benzenesulphonylhenzisothiazolone with Tertiary Aromatic Amines , — The benzfso- 
thiazolone (6 g.) was boiled in alcohol (20 ml.) with the amine (5 g.) until all the former had dissolved 
(3hrs.). The product crystallised on cooling. 4:-Dimethylamino-2'-i^-benzenesulphonylcarbamyldiphenyl 
sulphide was thus obtained from dimethylaniline, as yellow needles from alcohol, m. p. 172® (Found : 
C, 61*6; H, 4*7. CgiHggOgNgSg requires C, 61*1; H, 4*9%). In his examination of this substance Dr. 
A. W. H. Barton isolated a sodium salt sparingly soluble in water crystallising from alcohol in white 
needles, m. p. 308® (Found : Na, 6*4. CaiHigOgNgSsNa requires Na, 6*3%), and by methylation with 
methyl sulphate a methyl derivative, white needles from methyl alcohol, m. p. 144° (Found : C, 62*0; 
H, 6*2. CjgHggOsNgSg requires C, 62*0; H, 6*2%), which on hydrolysis with acid yielded 
bcmzenesulphonmethylamide, m. p. 31°. The original condensation product was hydrolysed by boiling 
for 2 hours with concentrated hydrochloric acid, and the mixture poured into water, made alkaline with 
sodium hydroxide, and finally acidified with acetic acid. The greenish precipitate was purified by 
cr3rstalli8atioaof the sodium salt, reconversion into the acid and crystallisation from alcohol ; it formed 
small greenish needles, m. p. 260 — 260® (decomp.). 4i-Dimethylamino-2'’Carboxydiphenyl sulphide so 
obtained was identical with that prepared synthetically as follows. /)/)'-Bisdimethylaminodiphenyl 
disulphide (10 g.) prepared by the method of Merz and Weith (Ber., 1889, 22, 1671) was reduced by 
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warming with tin (3 g.) and concentrated hydrochloric acid (30 c.c.)» the solution made alkaline (100 
c.c. of 35% aqueous sodium hydroxide) and heated while a stream of nitrogen was passed through the 
dask, and a diazotised solution of anthranilic acid (8*8 g.) slowly added. After 5 minutes' boiling and 
cooling the grey-green sodium salt which separated was collected and dissolved in water, and the free 
acid precipitated by adding acetic acid . 1 1 was apparently identical with the hydrolysis product described 
above (Found on a sample from alcohol, dried in a vacuum : C, 04-9; H, 6'7. After drying at 110"' : 
C, 66*4; H. 5*9. Ci5Hi502NS,C2H«0 requires C, 64*0; H' 6*6%, CigHj^OaNS requires C, 66*0; H, 
6*5%). The presence of alcohol in the former specimen was confirmed by an iodoform test. 

In view of the indefiniteness of the melting point of this substance the ethyl ester was prepared from 
both the hydrolysis product and the synthetic acid. In each case it formed white needles from alcohol, 
m. p. 143° (not depressed by mixture of the two). For analysis the substance was purified by molecular 
distillation (Found: C, 67*6. 67-5; H, 6*8, 6-4. Ci^H^OaNS requires C, 67-7; H, 6-4%). Other 
amines yielded the corresponding 4-aminodiphenyl sulphides. Ai-Methylethylamino-^,' -^-benzene- 
sulphonylcarhamyldiphenyl sulphide formed pale yellow plates from alcohol, m. p. 141° (Found : C, 61-1, 
00*6; H, 5'6, 0 0. CaaHaaOsNaSj requires C, 61*7; H, 5-2. CgaHaaOsNaSaiCgHaO requires C, 610; 
H, 6*0%). On hydrolysis with concentrated hydrochloric acid it yielded ^-methylethylamino-'l' • 
carhoxydiphenyl sulphide as a greenish microcrystalline powder, m. p. ca. 230° (decomp.) (Found : C, 
66*8; H, 5-9. CuHi70aNS requires C, 66-8; H, 6*0%). This acid was also synthesised. 4: 4'-Bis- 
methylethylaminodiphenyl disulphide prepared by Merz and Weith’s method {loc, ciL) formed an 
amorphous mass which did not crystallise and was used in the crude form. It was reduced to the thiol 
as described above, and with diazotised anthranilic acid gave the 4-methylethylamino-2'-carboxydiphenyl 
sulphide as a pale green raicrocrystalline powder, m. p. ca. 230° (decomp.) (Found : C, 60-8; H, 5-9%). 
4,-Benzylmcthylamino~2'-'^-henzenesulphonylcafbamyldtphenyl sulphide crystallised in pale green needles 
from alcohol, m. p. 123°. The crystals contain alcohol of crystallisation as shown by direct test (Found : 
C, 65*1; H, 5*2. C27H2403N2Sa requires C, 66*4; H, 4*9. C27H2403N2S2,C2H80 requires C, 65*1; H, 

5*6%). Hydrolysis with 60% sulphuric acid yielded 4:-benzylmcthylamino-2'-carhoxydiphenyl sulphide, 
which crystallised from alcohol as a pale green microcrystalline powder, m. p. 194° (Found : C, 7T7 ; 
H, 5-0. C21H19O2NS requires C. 72*1 ; H, 6*6%). 

4:-Methylamino-2'-'^-benzenesulphonylcarbdmyldiphenyl sulphide separated from alcohol in white 
plates which turned green on exposure to air, m. p. 142° (Found : C, 00-6; H, 4-4. C2oHi80sN2Sa 
requires C, 60*3; H, 4*6%). The weVroso-derivative crystallised from alcohol in golden needles, m. p. 
170° (Found : C, 56*0; H, 4*1. C20H17O4N3S2 requires C, 56*1; H, 4 0%). Hydrolysis with 60% 
sulphuric acid yielded 4:-}nethylamino-2f -carhoxydiphenyl sulphide, small needles from butyl alcohol, 
m. p. 215° (Found : C, 64*9; FI, 6*6. C44H1JO2NS requires C, 64-8; H, 5*1%). The acetyl derivative 
formed white plates, m. p. 209° (Found : C, 63*4 ; H, 6*3. CnHigOgNS requires C, 63*8 ; H, 6*0%). 

4:-Ethylamino-2'‘^-benzenesulphonylcarbamyldiphenyl sulphide separated from aqueous alcohol in 
cream coloured crystals, m. p. 150° (Found: C, 61*0; Fi, 5-1. CaiHaoOjNjSg requires C, 61*1; H, 
4*9%). The «j7roso-derivative crystallised from alcohol in small red prisms which turned yellow on 
heating, m. p. 138° (Found : C, 50-7; H. 4*3. requires C, 57*1 ; H, 4-4%). Hydrolysis 

with 60% sulphuric acid yielded 4:-ethylamino-2* -carhoxydiphenyl sulphide, which crystallised from butyl 
alcohol in buff needles, m. p. 224° (F^ound : C, 65*6; H, 5*4. CigHigOaNS requires C, 65 0; H, 5;5%). 
The acetyl derivative separated from aqueous alcohol in almost colourless needles, m. p. 184° (Found : 
C, 64*7; H, 5*4. C17H17O3NS requires C, 64*7; H, 5-4%). 

4-Amino-2'--iV-benzenesulphonylcarbamyldiphcnyl sulphide, obtained by using aniline, crystallised 
from aqueous alcohol in small white needles, ra. p. 167° (analysed, but incorrectly formulated by 
McClelland and Hart, 1939, 760). The perchlorate separated in minute needles from dilute perchloric 
acid, m. p. 221° (decoinp.) (Found : C, 45*5, 45*7 ; H, 4*1, 4 0. Found after drying at 100° : C, 46*0; 
H, 3*4. C,2 Hi 707N2C1S2.H20 requires C, 45*4; H, 3*8%. Ci2Hi,07N2ClS2 requires C, 45*4 ; FI, 3-8%). 
Diazotisation and coupling with alkaline )3-naphthol gave the corresponding azo-fl-naphthol, which 
crystallised in red prisms from ethyl acetate or acetone, m. p. 148° (Found : C, 64*0, 64-0; H, 4*1, 4*1. 
C22H81O4N3S2 requires C, 64*5 ; H, 3*9%). The filtered diazo-solution after addition of urea and boiling 
yielded 4-hydroxy-2'-iV-benzenesulphonylcarbamyldiphenyl sulphide, which separated from hot water 
m small white needles, m. p. 143°. Hydrolysis with 60% sulphuric acid yielded 4-amino-2 '-car boxy- 
diphenyl sulphide, which after crystallisation from aqueous alcohol had m. p. 193° not depressed by 
admixture of an authentic specimen prepared from the nitro-acid obtained from ^-nitrothiophenol and 
anthranilic acid (cf. Mayer, loc. cit,). 

Reaction with o-toluidine produced A-amino-2'-'^-benzenesulphonylcarbafnyl-^-methyldiphenyl 
sulphide, which after purification through the perchlorate crystallised from alcohol in white needles, m. p. 
118° (Found: C, 59*7; H, 5*3. C2oH,803N3S2,CaHeO requires C, 59*4; H, 5*4%). The perchlorate 
formed cream coloured needles from dilute perchloric acid, m. p. 225° (decomp.) (Found : C, 48*6; H, 
4*0. C2 oHi 907N»C1S2 requires C, 48*2; H, 3*8%). The corresponding azo-B-naphtkol crystallised from 
ethyl acetate in dark red prisms, m. p. 136° (Found : C, 65*0; H, 4-6. CaoH2304N3S2 requires C, 65*1 ; 
H, 4*2%). 

Action of Sulphuric Acid on the Foregoing Aminodipheny I Sulphides. -^The 4-substituted 2'-N- 
benzenesulphonylcarbamyldiphenyl sulphides were warmed at 50° for 1 hour with concentrated sulphuric 
acid (20 c.c. for 5 g.). The resulting solution on being poured into water gave a white precipitate of a 
sulphonic acid, and addition of alkali to the filtered solution yielded an aminoxanthone, a further yield 
of which was obtained by redissolving the sulphonic acid in alkali. 

2-Dimethylaminothioxanthone crystallised from alcohol in orange needles, m. p. 122° (Found: C, 
70*4; H, 5*3; N, 5*7. CisHjjONS requires C, 70*5; H, 5*1; JN, 5*5%). The substance ^ave a creen 
fluorescence in sulphuric acid solution. It was found by m. and mixed m. p. to be identical with the 
xanthone produced by the action of concentrated sulphuric acid on synthetic 4-dimethylamino-2'- 
carboxydiphenyl sulpnide (see above). 

The sulphonic acid was purified by precipitation from alkaline solution, redissolved and boiled in 
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alkali with charcoal, reprecipitated, and finally boiled with water. It was a white microcrystalline 
powder, m. p. 318®, presumably i:-dimethylamino-2^-carboxydiphenyl sulphidc-Z-sulphonic acid, but the 
position of the sulphonic acid group was not proved (Found : C, 60-9; H, 4-1 ; N, 3*6. ^ 1 6^ 1 5^^ 6^ ^ 2 
requires C, 61*0; H, 4-2; N, 3*9%). When this substance was heated in concentrated sulphuric acid 
(10 parts) for J hour at 160® a brown solution with green fluorescence was formed. The solution was 
diluted and made alkaline, the dark red mass deposited was dissolved in water, and the solution was 
acidified. The acid precipitated was crystallised from hot water and formed a light brown 
microcrystalline powder not melting at 310®. The substance was hygroscopic and analyses were 
unsatisfactory, but it was presumably 2-diwethylaminothioxanthone-*i-sulphonic acid (Found : C, 49*8; 
H, 4-3. Found after drying at 100® in a vacuum: C, 51-9; H, 4-5. Ci5Hi304NS2,H20 requires C, 

5T0; H, 4*3%. CigHi304NSa requires C, 53-7 ; H,3*9%). The sodium salt had m. p. 310® ; t\m potassium 
salt was a dihydrate (Found: HgO, 6*8. Ci6Hi204NS2K,2H20 requires HgO, 0-8%) and had m. p. 95" 

or, after heating at 100° in a vacuum, m. p. 230‘ . 

2-Methyl6thylaminothioxanthone was similarly obtained and crystallised from alcohol in pale orange 
needles, m. p. 120° (Found : C, 70-9; H, 6*0. C^gHigONS requires C, 7T3 ; H, 6*6%). This compound 
was identified by m. p. and mixed m. p. with that obtained by the action of sulphuric acid on synthetic 
4-methylethylamino-2'-carboxy diphenyl sulphide (see above). 

The accompanying sulphonic acid formed white needles from hot water, m. p. 314® (decomp.), and 
was 4t-methylethylamino-'2,'-carhoxydiphenyl sulphide-Z-sulphonic acid (Found: C, 52*6; H, 4*6. 
C12HJ7O5NS2 requires C, 52*3: H, 4*6%). The sodium salt had m. p. 272®, the potassium salt m. p. 
216®. 2-Bemylmeihylaminothioxanthone crystallised from alcohol in yellow needles, m. p. 149*5® 
(Found: C, 76*2; H, 6*4. CaiHj^ONS requires C, 76*1 ; H, 5*2%). 4i-Benzylmethylamino-2'-carboxy- 
diphenyl sulphide Z-sulphonic acid was a microcrystallinc powder sparingly soluble in hot water, m. p. 
286® (decomp.) (Found : C, 68*9; H, 4*6. CgiHijOgNSg requires C, 58*7 ; H, 4*5%). 

2-Methylaminothioxanthone crystallised from aqueous alcohol in small yellow needles, m. p. 158®, or 
minute red crystals becoming yellow at ca, 144® (Found : C, 70 0; H, 4*6. CigHuONS requires C, 
69*7; H, 4*6%). The accompanying 4:-methylamino-2'-carboxydiphenyl sulphide-^-sulphonic acid 
formed white needles from hot water, m. p. 321° (decomp.) (Found : C, 46*3; H, 4*2. C,4Hi305NS 
requires C, 49*6 ; H, 3*8. Ci4Hi306NS,H20 requires C, 47*0 ; H, 4*2%). 

2-Ethylaminothioxanthone was obtained as orange plates or needles from alcohol, m. p. 134® (Found : 
C, 70*3; H, 5*1. CigHjaONS requires C, 70*5; H, 5*1%). No sulphonic acid was isolated in this case. 

2-Aminothioxanthone formed yellow needles from alcohol or plates from nitrobenzene, m. p. 227® 
(Found : C, 69*3, 70*0; H, 3*7, 4*3. Calc. : C, 68*7; H, 4*0%. Cf. Mayer, loc. cit., who also reports 
poor analyses). It was shown to be identical with the aminothioxanthone synthesised (in poor yield) 
by the method of Smiles (/., 1911, 2046) or by that of Mayer (loc. cit.). 

This substance, boiled wdth acetic anhydride in toluene solution for 4 hours, yielded a diacetyl 
derivative which crystallised from toluene in yellow crystals, m. p. 245° (Found : C, 65*3 ; H, 3*9. 
Ci 7 Hi 303NS requires C, 65*6; H, 4*2%). On hydrolysis it furnished the parent aminoxanthone. 

In its production from the condensation product from aniline it was accompanied by 4-«n//no-2'- 
cayhoxy diphenyl sulphide-Z-sulphonic acid, which separated in small white crystals from water, m. p. 

> 320° (Found : C, 48*0; H, 3*5. CiaHnOgNSa requires C, 48*0; H, 3*4%). 

Reaction of 'Et-Benzencsulphonylbenz'vsothiazolonc withi^'-Substikited Aromatic Amines. Formation of 
the Lactams of the 2-’ Amino-2' -carboxy diphenyl Sulphides, — The thiazolone was heated for 5 hours in 
boiling alcohol with an equal weight of ^-toiuidine, the solution evaporated to dryness, and the product 
recrystallised from alcohol or glacial acetic acid. The lactam of 2-amino-2'-carboxy-b-methyldiphemyl 
sulphide was thus isolated as glistening plates, m. p. 274® (Found: C, 69*2; H, 4*5. ChHiiOxNS 
requires C, 69*7; H, 4*6%). Jicnzenesulphonamide was found in the mother liquors. The lactam 
was oxidised by liydrogen peroxide in acetic acid to its sulphone, a white microcrystallinc powder, m.p. 

> 320° (Found : C, 61*5; H, 4*1. Ci^H^OaNS requires C, 61*4; H,4*l%). The lactam was hydrolysed 
by boiling it for 4 hours with 66% sulphuric acid. On dilution a j^rccipitatc was formed containing the 
sulphate of the amino-acid, and a thioxanthone, separated by dissolving the former out in alkali. The 
residue was 4-amino- 1 -methyl thioxanthone, yellow^ needles from alcohol, m. p. 183° not depressed by 
admixture of a specimen prepared by the method of Ullmann and Glenck (Ber., 1916, 49, 2499). The 
alkaline solution, on acidification with acetic acid, gave a 2-amino-2'-carhoxy-b-meihyldiphenyl sulphide, 
which crystallised from butyl alcohol in pale butf needles, m. p. 170® (Found: C, 65*2; H, 5*1. 
C14H13O2NS requires C, 64*9; H, 6*1%). The acid was re-converted by boiling in acetic anhydride 
for J hour or by standing overnight in sulphuric acid solution into the lactam, m. p. 271®. The lactam 
was also formed when the acid w^as heated for 3 hours in boiling ethyl alcohol containing 2 — 5% of 
hydrogen chloride, and the ethyl ester of the acid, m. p. 100®, was also produced. When the acid w as 
heated in boiling xylene for J hour with phosphoric oxide it yielded the lactam together with 4-amino-l- 
methylthioxan thone . 

The thiazolone with ^-anisidine furnished the lactam of 2-amino-2'-carboxy-lS-methoxy diphenyl 
sulphide, which crystallised from alcohol in wdiite needles, m, p. 236° (Found: C, 64*9; H, 4*1; M, 
ebullioscopic in alcohol, 260. C14HHO2NS requires C, 65*3 ; H, 4*3%; Af, 241). The acf/y/ derivative 
formed white needles from alcohol, m. p. 165° (Found: C, 63*7; H, 4*6. CjeHijOgNS requires C, 
64*2; H, 4*4%). The sulphone separated as a microcrystallinc powder from acetic acid, m. p. 246® 
(Found: C, 58*3; H, 4*2. C14H11O4NS requires C, 58*1; H, 3*8%), which also yielded an acetyl 
derivative, m. p, 194® (Found : C, 68*6; H, 4*0. CjeHigOgNS requires C, 68*0; H, 3*9%). 

The same lactam was obtained when .V-^-toluenesulphonylbenzuothiazolone was used in place of the 
benzenesulphonyl derivative. Hydrolysed by acid it furnished the 2-amino-2'-carboxy-b-methoxy- 
diphenyl sulphide, which crystallised from dilute acetic acid or butyl alcohol in buff needles, m. p. 168° 
(Found : C, 61*6; H, 4*9. C14H18O3NS requires C, 6T1 ; H, 4*8%), and formed a perchlorate, which 
separated from dilute perchloric acid as a white microcrystalline powder, m. p. 210° (decomp.) (Found : 
C, 43*3; H, 4*6. C,4Hj408NClS,H20 requires C, 42*9; H, 4*1%). As a by-product in the hydrolysis a 
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substance was isolated which crystallised from glacial acetic acid in red needles, m* p. 238°, and appeared 
to be 4raminoA-hydfoxythioxanthone (Found; C, 83*0; H, 3*8. CisH^OsNS requires C, 63*5; H* 
3*8%). The acid kept overnight in sutohuric acid solution yielded 4t-^mino^l'^inethoxythioxanth<)n$t 
yellow plates from alcohol, m. p. 168° (Found : C, 64*9; H, 4'4. Ci4Hii02NS requires C, 65*3; H, 
4-3%). 

The action of />-chloroaniline on iV-benzenesulphonylbenz«sothiazolone (12 hours* boiling) yield^ 
the lactam of ^-chloro-2-amino-2'-cafhoxydiphenyl sulphide, which crystallised from glacial acetic acid in 
colourless plates, m. p. 321° (Found: C, 59*0; H, 3‘4. CjsHgONClS requires C, 69*6; H, 
3*1%). Hydrolysis with 65% sulphuric acid gave the acid, which separated from dilute acetic acid as a 
microcrystalline powder, m. p. 183° (Found: C, 55*1; H, 3*8. CigHioOgNSCl requires C, 65*8; H, 
3*6%). 

Lactam of 2- Amino-2* -carhoxy diphenyl Sulphide. — 2-Amino-2'-carboxydiphenyl sulphide of m. p. 
167° prepared Mayer’s method (loc. cit.), when heated with phosphoric oxide in boiling xylene for J hour, 
gave the lactam, which ciystallised from acetic acid in colourless plates, m. p. 266° (Found : C, 68*4; 
H, 4*2. CigHgONS requires C, 68*7; H, 4*4%). Oxidation with hydrogen peroxide in acetic acid 
yielded the lactam sulphone, which separated from dilute acetic acid in colourless needles, m. p. 290° 
(Found: C, 60*4; H, 3*8. CigHgOgNS requires C, 60*1; H, 3*6%). These lactams are soluble in 
warm aqueous sodium hydroxide. The same lactam sulphone was also obtained from 2-nitro-2'-carboxy- 
diphenyl sulphone (Mayer, loc. cit.) by reduction to the amino-acid sulphone and heating the latter with 
phosphoric oxide in xylene. 

^-Toluidide and p-Nitroanilide of Dithiohenzoic Acid. — 2 : 2'-Dithiobenzoyl chloride reacted with 
p-toluidine or p-nitroaniline in carbon tetrachloride or toluene solution, yielding the ^-toluidide, m. p, 
233° (Found: C, 69*2; H, 6*1. Ca 8 Ha 40 jNjS 2 requires C, 69*4; H, 6*0%), and the p-nitroanilide, 
which crystallised from aqueous pyridine in light F ^^wn needles, m. p. 263° (Found : C, 67*0 ; H, 3*6. 
C2eHi80eN4S2 requires C, 67*1 ; H, 3*3%). 

N-Arylhennsothiazolones, — Chlorine was passed into 2 *. 2'-dithiobenzoyl chloride (10 g.) covered with 
carbon tetrachloride (60 c.c.) until it had dissolved, the excess of chlorine removed by a current of 
nitrogen, and the resulting solution added to an ice-cooled solution of p-toluidine (20 g.) in carbon 
tetrachloride (200 c.c.). The dark solution was j&ltered and evaporated, and the product crystallised 
from methyl alcohol (charcoal). ‘if^-p-Tolylbenzisothiazolone was thus obtained as colourless needles, 
m. p. 136° (Found : C, 69*3 ; H, 4*3. Ci 4 HnONS requires C, 69*7 ; H, 4*6%). A similar condensation 
with p-nitroaniline using pyridine as solvent yielded 1^-p-nitrophenylbenzisothiazolone, a microcrystalline 
powder from acetic acid, m. p. 238° (Found : C, 67*1 ; H, 3*2. CisHgOgNaS requires C, 67*3 ; H, 3*0%). 
This substance was also obtained by adding to the j!>-toluidide of dithiohenzoic acid (3 g.) covered with 
carbon tetrachloride (50 c.c.) a solution of bromine (2 g.) in carbon tetrachloride (10 c.c.). The dirty 
red precipitate of bromo-thiol was removed by filtration and boiled with acetic acid (100 c.c.). The 
thiazolone crystallised on cooling, m. p. 238°. Oxidation by hydrogen peroxide in hot acetic acid 
converted it into TA-p-nitrophenylsaccharin, pale yellow plates from acetic acid, m. p. 229° (Found : C, 
60*8; H, 2*4. CigHgOgNaS requires C, 61*3; H, 2*6%). 

The authors wish to thank Dr. A. W. H. Barton for his help with the earlier experiments. 

King’s College, Strand, W.C. 2. [Received, November 29th, 1946.] 


232. A Method of Synthesis of Trinitromethane Derivatives. 

By W. S. Reich and (in part) G. G. Rose and W. Wilson. 

The present investigations have shown that aromatic halogenomethyl derivatives react 
with the silver salt of aci-trinitrombthane yielding trinitromethane derivatives. They are stable, 
crystalline, colourless compounds, most probably of the true nitro-type. The reaction also 
yields varying amounts of unstable, deeply coloured derivatives, probably of the <k;i-trinitro- 
methane type. 

A number of trinitromethyl and polytrinitromethyl derivatives were prepared by this 
method, all of which contained the trinitromethyl group in the side chain of the benzene nucleus. 

The benzene nucleus itself was in many cases either nitrated or polynitrated. 

Improved or new methods for the preparation of a number of intermediary products are 
also described. 

Trinitromethane (nitroform) was first prepared by Schischkoff (Annalen, 1857, 101, 216) by 
the action of water or alcohol on trinitromethyl cyanide, and later several methods for its 
preparation from tetranitromethane were described (Hantzsch and Rinkenberger, Ber., 1899, 
82, 636; Chattaway and Harrison, 1916, 109, 171; Macbeth and Orr, 1932, 634), A 
number of addition compounds of trinitromethane, such as its salts with p 3 rridine, piperidine, 
and dibenzylamine, have also been prepared (Schmidt and Fischer, Ber., 1920, 58, 1629) ; they 
are very unstable and soon decompose on keeping. 

Two aliphatic trinitromethane derivatives, viz,, 1:1: l-trinitroethane and hexanitroethane, 
have been described. Franchimont (Rec. Trav, chim., 1886, 5, 282) obtained the former by the 
action of concentrated nitric acid on methylmalonic acid, and it was later prepared (Hantzsch 
and Rinkenberger, loc. cit.) by reaction between silver trinitromethane and methyl iodide, but 
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this silver salt and iodotrinitromethane failed to give hexanitroethane. All attempts to use 
higher halogeno-paraffins, such as ethyl or butyl iodide, instead of methyl iodide, with a view to 
obtain other trinitromethane derivatives failed to yield any pure or stable compound. Will 
(Ber,, 1914, 47, 963) obtained hexanitroethane by the action of concentrated nitric and sulphuric 
acids on the potassium salt of 1 : 1 : 2 : 2-tetranitroethane. 

Ponzio (Gazzetta^ 1932, 62, 603) obtained aromatic azo-derivatives of trinitromethane \e.g., 
^-Cl*CeH 4 *N^N*C(NOj) J by the reaction of ammonium trinitromethane with aromatic diazonium 
salts. They form yellow or orange crystalline compounds, which rapidly decompose on standing 
or in solution. 

The present investigation has shown that it is possible to prepare stable, crystalline, aromatic 
trinitromethane derivatives. The synthesis was carried out by reaction of the silver salt of 
trinitromethane with halogenomethyl derivatives of the aromatic series : 


^ 'v fibs. EtjO ^ 

^CHaX + C(N0a)*:N(->0)-0Ag,H20 ^ ^CH2-C(N02)8 + AgX -f- Hfi 

(X = Halogen.) 


It is noteworthy that the trinitromethane group of the silver salt is rearranged to the true 
nitro-type very probably contained in the stable, colourless trinitromethane derivative. The 
reaction also yields an unstable, deeply coloured, trinitromethane derivative, probably of the 
a«-trinitro-type, which slowly decomposes with elimination of nitrous fumes. The yield of 
this unstable compound depends on the working conditions and on the nature of the aromatic 
group. Substitution of negative groups in the benzene nucleus, especially in the ^-position, 
increases the yield of the stable compound. 

All the trinitromethane derivatives described in this investigation are very stable : after 3 
years’ standing in stoppered bottles at room temperatuxe, they showed no change. 

(With G. G. Rose.) The preparation of the 2:4: 6-trinitrobenzyl derivative by the same 
method proceeds easily, and the yield of the stable compound (presumably of the true nitro-type) 
is greater (64%) than that of the ^-nitrobenzyl derivative (46%). In both cases, there was also 
formed a small amount of an unstable deeply coloured oil, presumably a mono-act-compound 
or a mixture derived from it by decomposition and secondary reactions. 

Attempts to cause reaction between 2:4: 6-trinitrobenzyl bromide and the silver salt of 
act-trinitromethane were unsuccessful, but the iodide afforded 2:4: Mrinitro-2' : 2' : 2'-trinitro- 
ethylbenzene, 

(With W. Wilson.) The same reaction was utilised for the synthesis of some polytrinitro- 
methyl derivatives : ^-xylylene di-iodide, ci<ji'-di-iodO‘5-nitro-m-:vylene, and ciiOi'(i>"’-tri-iodo- 
mesitylene reacted with an etheral solution of silver aci-trinitrometliane to yield, respectively, 
1 : 4-6f5-2' : 2' : 2'-trinitroethylbenzene (I), 5-nitro-l : Z-biS‘2' : 2' : 2'-trinitroeihylbenzene (II), 
and 1:3: 5-/ns-2' : 2' : 2'~irinitroethylbcnzene (HI). 


C(N0,),-CH^2^CH,.C(N0,), 

(I.) 


CHj-C{NOj), 

(II.) 


CHj-C(NO,), 

(in.) 


Experimental. 

Silver Salt of Trinitromethane , — This preparation has been described by Hantzsch and Rinkenberger 
[loc, cit.), but for the preparation of larger quantities of pure material the following method is better. 
Silver oxide (freshly prepared, still slightly damp, 265 g.) was cautiously and gradually added to a 
solution of trinitromefiiane (180 g.) in ether (1000 c.c.) ; after each addition the mixture was shaken for 
a short while, and when the addition was complete the mixture was vigorously shaken over-night. The 
solution was separated by filtration, and the low-boiling material removed under reduced pressure, the 
ether at room temperature, and the remaining liquid at 42® (bath temp.) /1 2 mm. The residue was kept 
at 42®/ 12 mm. for an hour after it had crystallised and was then pressed on porous plates. A typical yield 
was 260 g. (ca. 70%). 

i^-Nitrohenzyltrinitromethane , — ^^-Nitrobenzyl bromide (85 g.) was dissolved in dry ether (1800 c.c.), 
the solution stirred in a water-bath at 20®, and a solution of the silver salt of trinitromethane (109 g.) in 
ether (600 c.c.) gradually added. After the addition was complete, the stirring was continued for about 
2 hours and the mixture was left in the water-bath for 48 hours. The precipitated silver bromide was 
then filtered off, washed with ether, and dried in a desiccator (76 g. Calc. : 75 g.). The filtrate was 
concentrated in a high-speed evaporation apparatus at 26® (bath temp.)/12 mm., and the residue, 
consisting of a red liquid and a solid, was left on the vacuum pump at 30® (bath temp.) for about 16 
minutes, and then for 2 hours in a refrigerator. The pale pink crystals were separated by filtration and 
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pressed on a porous plate (51 g., 45%), m. p. 129*^ (decomp,). The substance was dissolved in 260 c.c. 
of boiling absolute alcohol, the solution filtered while hot, and the filtrate kept overnight at 0°. The 
crystals were separated by filtration, washed with a small amount of cold absolute alcohol, and dried in a 
desiccator (34 g.). The substance was recrystallised from 200 c.c* of hot absolute alcohol-carbon tetra- 
chloride (25 : 75) (yield 28 g.) and three further similar recrystallisations afforded 17 g. of pure 
4:-nUfo-2' i2'-trimtroethylhenzene\ white crystals, m. p. 135° (Found: C, 33*7; H, 2*3; N, l9-5. 
C,H«08N4 requires C, 33-6; H, 2-1; N, 19*6%). 

2:4: Q-Trinitrobenzyl Bromide , — Ganguly s method (Ber., 1925, 58, 708) was used with some 
modifications. Repeated crystallisation gave a substance, m. p. 71°, which was almost analytically pure 
(Found : Br, 26-86. Calc, for C,H40eN8Br : Br, 26*14%). Ganguly gives m. p. 66° but no analysis. 

2:4: (a-Trinitrobenzyl Iodide, — Reich, Wetter, and Widmer*s method (Ber,, 1912, 45, 3056) was used. 
The brown solid was twice recrystallised from hot methyl alcohol, yielding needles, m. p. 87° ; yield 47%. 
In general, the brominated derivative was only once crystallised before being converted into the 
iodo-corapound, as tlie latter was then considerably easier to purify. 

2:4: i^-Trinitro-2' : 2' : 2'-trinUroethylbenzene , — ^Trinitrobenzyl iodide (105*9 g.) and ether (150 c.c.) 
were stirred whilst a solution of the silver salt of aci-trinitromethane (87 g.) in ether (280 c.c.) was added. 
The stirring was continued for 18 hours and the mixture filtered. The filtrate on evaporation yielded an 
unstable red oil which was ignored. The residue, a yellowy-brown powder (140 g.), was extracted in 
portions with chloroform (Soxhlet), and the residues from the extraction were powdered and re-extracted 
with chloroform. On cooling, the chloroform extracts yielded a light brown, crystalline solid (72 g., 
64%), m. p. 151*5 — 162*6° (decomp.). [The residue insoluble in chloroform was silver iodide (65 g. 
Calc. : 70 g.).] The brown crystals (72 g.) were dissolved in hot ethyl acetate (220 c.c.), the solution 
filtered from traces of silver iodide, chloroform (500 c.c.) added to the fairly warm filtrate, and the 
mixture cooled to 0°; the yellow crystals obtained (62 g.), m. p. 152*5 — 153*6° (decomp.), were four 
times recrystallised from hot ethyl nitrate-chloroform (1:1 by vol.), and the pure hexanitro-com- 
pound isolated as faintly coloured, large crystals (38 g.), m. p. 153 — 154° (decomp.) (Found : C, 25*8; 
H. 1*3 : N. 22*4. CgH^OiaNe requires C, 26*6 ; H, 1*1 ; N. 22*35%). 

Before each crystallisation the substance was finely powdered with an agate pestle and mortar and 
then dissolved with stirring in the requisite quantity of hot ethyl nitrate (about 150 c.c. to 56 g. of 
substance) ; when solution was complete an equal volume of chloroform was added, and the mixture 
cooled to 0° until crystallisation was complete. By this means prolonged heating, which caused extensive 
discolouration, was avoided. 

oi-Bromo-fi-nitYO-rsX’-xylene, — 6-Nitro-w-xylene (2 g.) in boiling ethylene dibromide (40 c.c.) was 
irradiated by a 100- watt tungsten-filament lamp wdiilst a solution of bromine (4*3 g.) in ethylene 
dibromide (16 c.c.) was dropped in. After an hour the bromination was complete. Removal of the 
ethylene dibromide at 75°/20 mm. yielded a dark semi-solid substance, which was recrystallised from 
petroleum (b. p. 40 — 60°) ; yield, 600 mg. of io-bromo-6-nitro-m-xylene, m. p. 59*5 — 60° (Found : C, 
9*4 ; H. 3*4. CgHgOaNBr requires C, 41*7 ; H, 3*6%). 

a)o)'-Dibromo-5-nitro-m-xylene. — 6-Nitro-w-xylene (m. p. 71 — 72*5°; 120 g.), dissolved in boiling 
ethylene dibromide (450 c.c.), was heated under reflux and irradiated with a 600-watt tunsten-filament 
lamp whilst a solution of dry bromine (100 c.c.) in ethylene dibromide (100 c.c.) was added fairly rapidly. 
After the bromine had almost disajjpeared, the ethylene dibromide was removed in a vacuum, the 
residue allowed to crystallise, and the crystals separated and washed with ether. Recrystallisation 
from petrol (b. p. 80 — 100°) yielded pure u>o>' 'dibromo-b-nitro-m-xylene (46 g.), m. p. 105 — 106*5° (Found : 
Br, 61*4. CJ-l,0.,NBr5j requires Br, 61*8%). 

Both the mono- and the di-bromo-compound were lachrymatory and had skin-irritant properties, 
and both afforded silver bromide quantitatively on treatment with warm aqueous-alcoholic silver nitrate. 

ioui'-JH-iodo-b-nitro-m-xylcne , — The crude dibromo-compound (above) (&2 g.) was added to a solution 
of sodium iodide (85 g.) in acetone (400 c.c.) ; after 1 hour’s heating under reflux the acetone was distilled 
off, and the residue washed with water. The product, crystallised from benzene-petroleum (b. p. 
40 — 60°), yielded 63 g. of pure ona'-'di-iodo-^-nitro-m-xylene, m. p. 136 — 137° (Found : N, 3*6. C8H7O2NI2 
requires N, 3*5%). 

^-NitroA : 3-6fs-2' : 2' : 2^-trimtfoethylbenzene, — (i) a)<o'-Dibromo-6-nitro-w-xylene (m. p. 102 — 106°; 
8 g.) was suspended in ether (100 c.c.) and 48*8 c.c. of a solution of the silver salt of trinitromethane 
(containing 297-4 g. per 1. of ether) were added slowly. After 3 days, the silver bromide (10 g.) was 
filtered off, the filtrate washed with water, and then desolvated at 30°/20 mm. ; the semi-solid residue 
was triturated with chloroform at 0°, yielding crystals (0-9 g.), m. p. 168—160°. Recrystallisation 
from chloroform yielded the pure heptanitro-Qom^o\xnd, m. p. 170 — 171*5° (slight decomp.) (Found : 
C, 26*6; H, 1*8; N, 21*8. C^oH 7O14N 7 requires C. 26*7 ; H, 1*6; N, 21*8%). 

(ii) <aco'-Di-iodo-5-nitro-w-xylene (60 g.) was suspended in dry ether (600 c.c.), and 280 c.c. of an 
ethereal solution of the silver salt of trinitromethane (containing 248 g. per 1.) were added fairly rapidly 
at 18 — 26° with vigorous stirring. After the stirring had continued for 4 hours, the silver iodide (61 g.) 
was filtered off, and the filtrate washed with water and dried (Na2S04). The ether was removed in a 
vacuum, and the residue triturated with a little chloroform at 0° and the solution filtered after 16 
minutes. The product was separated by filtration and washed on the filter with chloroform, yiel^ng a 
pale pink solid (29 g.), m. p. 160 — 166° (decomp.). Recrystallisation from chloroform (charcoal) yielded 
the heptanitro-compound (22 g.), m. p. 171 — 172° (decomp.) (Found : C, 26*5; H, 1*66; N, 21*7%). 

-p-Xylylene DiAodide . — This was prepared from the dichloride by double exchange with sodium iodide 
in acetone solution, the dichloride having been made by chloromethylation of benzyl chloride (Stephen, 
Short, and Gladding, 1920, 117, 610; Quelet, Bull, Soc, chim,, 1933, 53, 222). Recrystallised from 
benzene-ethanol, the di-iodide had m. p. 179*5 — 180° (Found: C, 26*9; H, 2*0, Calc, for CgHgIf : 
C, 26*8; H, 2*2%). Grimaux (Compt. rend., 1870, 70, 1366; Annalen, 1870, 155, 341) gives m, p. 
170°; Finkelstein (Ber., 1910, 48, 1632), m. p. 174°. 

1 : 4-J5is-2' : 2' : 2'Arinitroeihylbenzene. — ;/>-Xylylene di-iodide (5 g.) was suspended in dry ether 
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(100 c.c.) and 27 c.c. of a solution of the silver salt of trinitromethane (containing 303*6 g. per 1., in ether) 
were added slowly. After 2 hours* stirring and a further 16 hours* standing, the silver iodide (7 g. 
Calc. : 6*6 g.) was filtered off, the filtrate washed with water, dried, and desolvated at 30°/20 mm. ; the 
pale yellow semi-solid product was triturated with a little chloroform on a sintered-glass filter, yielding 
a solid (0-6 g.), m. p. ca. 166® (decomp.). Recrystallisation from chloroform yielded white needles of 
the hexanitro-coTcipoxxnd, m. p. 190® (decomp.) (Found : C, 29*7 ; H, 2*3; N, 20*6. CioHgOjaNe requires 
C, 29*7; H, 2*0; N, 20*8%). 

<}iii}^<ii"-Tri-iodomesitylene. — o>a)'tt>"-Tribromomesitylene (m. p. 98 — 99”; 1*5 g.) was added to a 
solution of sodium iodide (3*0 g.) in acetone (30 c.c.) ; after 30 mins.* heating under reflux, most of the 
acetone was distilled off, and the residue washed with water and dried, yielding ct}a}'ai"-tri-iodomesitylene 
(2*1 g.), m. p. 131 — 133°; crystallised from benzene, needles, m. p. 133° (Found: C, 22*6; H, 1*9. 
C9H9I3 requires C, 221 ; H, 1*9%). 

1:3: 5-Tn’s-2' : 2' : 2'-fnm7ro€^Ay/6««zew«.-^<o'a>"-Tri-iodomesitylene (5*6 g.) was suspended in 
ether (100 c.c.) and 34 c.c. of a solution containing 287 g. of the silver salt of trinitromethane per 1. of 
ether were added fairly rapidly. After 2 hours* stirring, the product was allowed to stand overnight. 
The silver iodide (7*3 g. Calc. : 7*8 g.) was filtered off, and the solution washed with water to remove 
unchanged silver nitroform [the amount of which was determined by conversion into silver 
chloride (1*3 g.), showing that the reaction was probably about 80% complete]. The ethereal solution 
was dried and desolvated at 30° in a vacuum, yielding a brown oil mixed with crystals. Trituration with 
chloroform yielded a white solid (560 mg.), m. p. 198 — 200° (decomp.). Two crystallisations from 
chloroform yielded the required wi/ro-compound (250 mg.), m. p. 205 — 206° (decomp.) (Found : C, 
25*4; H, 1*72; N, 22-23. CiaHeOigN,, requires C, 25-4 ; H, 1-59; N, 22-22%). 

This work was carried out during 1941 — 1944 in the Department of Scientific Research, Inter- 
Services Research Bureau, The War Office. The authors wish to express their thanks to the Director 
of the Department, Profes.sor D. M. Newitt, F.R.S., for his interest and invaluable support. Their 
thanks are also due to the Director General of Scientific Research (Defence) for the permission to publish 
these investigations. 

Department of Chemical Technology, 

The Imperial College of Science and Technology, 

London, S.W. 7. [Received, November 30^/i, 1946.] 

233. The Reaction of Benzoic Anhydride with Aromutic Compounds 
Catalysed by Boron Trifluoride. 

By P, H. Given and D. Ll. Hammick. 

Boron trifluoride catalyses the interaction in nitrobenzene solution of benzoic anhydride 
with aromatic compounds to give ketones. Phenyl 1 -naphthyl ketone, phenyl 2-hydroxy- 1- 
naphthyl ketone, and phenyl 2-thienyl ketone are formed by reaction of the acid anhydride 
with naphthalene, 2-naphthyl methyl ether, and thiophen respectively. The same catalyst is 
effective in the Fries rearrangement of 2-naphthyl benzoate. 

In 1939 — 1940 we initiated a programme of work on the acylation of aromatic compounds with 
benzoic and other anhydrides in the presence of boron trifluoride, but were unable to complete it. 
We therefore record here the results of the work as far as we were able to carry it. 

Meerwein and Vossen have reported (/. pr. Chem., 1934, 141, 149) the interaction of acetic 
anhydride with benzene and other aromatic compounds in the presence of boron trifluoride to 
give aryl methyl ketones, but do not mention the use of any other acid anhydrides. Their 
experimental procedure involved the saturation of the mixed reactants at 0° with the catalyst, 
followed by warming till all the fluoride was given off again. The yield of some ketones was 
decreased by intermolecular condensations of the acetic anhydride to give p-diketones. Bowlus 
and Nieuwland (/. Anicr. Chem, Soc., 1931, 53, 3835) state that benzoic and phthalic anhydrides 
(in an unspecified solvent) do not absorb boron trifluoride, but that benzoic acid in chloroform 
takes up the gas, forming an insoluble complex. 

W'e have found that benzoic and phthalic anhydrides in nitrobenzene, and the former in 
carbon tetrachloride and in tetrachloroethane, react with boron trifluoride, depositing solid 
complexes. The weight of gas taken up, after allowing for its solubility in the solvent, was 
approximately equivalent to 2 moles of BF3 per mole of anhydride. 

For our acylation experiments we chose nitrobenzene as solvent, on the grounds that the 
reaction presumably resembles the Friedel-Crafts reaction in being ionic in nature (see Linstead. 
Ann, Reports, 1937, 261; Price and Ciskowski, J, Amer, Chem, Soc., 1938, 60, 2499), and 
therefore should proceed most readily in a solvent of high dielectric constant. 

By reaction of benzoic anhydride with thiophen we obtained a 40% yield of phenyl 2- thienyl 
ketone; a dirty residue, non-volatile in steam, was also formed. 2-Naphthyl methyl ether 
gave 56% of phenyl 2-hydroxy- 1-naphthyl ketone; complete demethylation occurred. 

4l 
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Phenyl naphthyl ketone (77% crude product) was obtained by reaction of benzoic anhydride 
with naphthalene; after three crystallisations, substantially pure phenyl 1-naphthyl ketone 
was obtained (about 60%). Price and Ciskowski (loc. cit) in the reaction of benzyl alcohol with 
naphthalene in the presence of boron trifluoride, also found the 1-isomer to predominate. 

It was found that (under the conditions used in the benzoylations) boron trifluoride catalysed 
the Fries rearrangement of 2-naphthyl benzoate; a 34% yield of pure phenyl 2-hydroxy- 1- 
naphthyl ketone was obtained. 

In order to confirm the reasoning which led to the choice of nitrobenzene as solvent for the 
reaction mixture;, an attempt was made to acylate naphthalene with benzoic anhydride in carbon 
tetrachloride solution. Under the same conditions as were used in the reaction in nitrobenzene 
only 4% of crude phenyl naphthyl ketone was obtained. Benzoic acid in reaction with 
naphthalene and boron trifluoride in nitrobenzene solution gave no phenyl naphthyl ketone. 

The procedure used here appears to be unnecessarily vigorous for the benzoylation of reactive 
substances such as thiophen, as is shown by the formation of tarry by-products. The benzoyl- 
ation of naphthalene by this method gives a rather higher yield of phenyl 1-naphthyl ketone, 
and the product is less contaminated with the 2-isomer than that of the Friedel-Crafts reaction of 
benzoyl chloride with naphthalene, catalysed by aluminium chloride (see, for example, Caille, 
Compt. vend., 191 1, 158, 393) ; the necessary time of reaction is less (24 hours as against 3 days). 

Experimental. 

(Melting points are corrected.) 

MaieviaU. — Naphthalene, benzoic acid, and benzoic anhydride were dried in a vacuum desiccator 
before use. Solvents were dried with calcium chloride and redistilled. Boron trifluoride was prepared 
by the method of Krause arid Nitsche {Ber., 1921, 54, 2786). A mixture of boric oxide, potassium 
borofluoride, and concentrated sulphuric acid was heated slowly from 136° to 260°. The gas was passed 
through a spray trap, but was not purified in any other way. 

Absorption of Boron Tri fluoride by the Reactants. — ^Experiments were carried out in test tubes fitted 
with side tubes. These, with inlet tube, rubber connections and clips were weighed empty and with 
the liquid before and after absorption. The liquid was cooled in ice during absorption. Absorption was 
allovred to proceed to constant weight. These experiments were made primarily to determine whether 
the acid anhydrides did or did not absorb boron trmuoride, and high accuracy is not claimed. 

The data are presented in the Table. In column 4 the solubility of the gas in the solvent or solution 
is given in g. per 100 g. of solvent. In column 6 the molar ratio, boron trifluoride to benzoic acid or 
anhydride, is given. 

Absorption of Boron Trifluoride. 

Wt. of solute Ratio, moles BFg/ 

per 100 Solubility, moles acid or 

Solvent. g. of solvent. g./l^O g. anhydride. 

Nitrobenzene — 17-6 — 

Tetrachloroethane — 9-8 — 

Nitrobenzene 12-6 24-4 1-8 

Tetrachloroethane 7-87 150 2-2 

Nitrobenzene 10 26- 3 1*9 

Benzoylation Experiments. — ^The reactants and solvent were placed in a three-necked flask, which 
was fitted with an inlet tube, mechanical stirrer, and calcium chloride tube. The stirrer was of the glass 
link type, and was run very fast so as to break up the surface of the liquid. A mercuiy-sealed stirrer 
was used in some experiments, but a simple well-ntting glass sleeve was found quite satisfactory. The 
inlet tube was bent so that the gas was delivered in the liquid, directly under the stirrer. An excess of 
boron trifluoride (3—5 moles per mole of benzoic anhydride) was passed in the course of 1 — 2 hours 
according to the scale of experiment. During absorption of boron trifluoride the flask was cooled in ice. 
After absorption, the reaction mixture was stirred and kept at 0° for 3 — 4 hours, and then left, while 
slowly warming to room temperature, for a further 18 hours. It was then shaken with dilute sodium 
hydroxide solution, and the solvent and any excess reactants were removed in steam. The product was 
obtained either from the steam distillate or from the residue by extraction. 

Phenyl 2-thienyl ketone. Benzoic anhydride (2 g.) and thiophen (1 c.cj in nitrobenzene (12 g.) 
were treated with excess of boron trifluoride, and the product was worked, up as above. The ketone 
distilled in steam after the solvent had been removed ; it was extracted from the distillate with ether and 
dried, and the ether was removed; 0-7 g. of brownish crystals was obtained. After 2 crystallisations 
from light petroleum (b. p. 60 — 80°) the compound had m. p. 62°< 

Phenyl 2-hydroxy-\-naphthyl ketone from 2-naphthyl methyl ether. Benzoic anhydride (4 g.) and 
2-naphthyl methyl ether (2*6 g.) in nitrobenzene (18 g.) were treated with excess of boron trifluoride as 
above. From the residue of the steam distillation, 2*6 g. ( 70 %) of crude ketone were obtained, completely 
soluble in warm sodium hydroxide solution. Crystallised from ligroin and twice from 60% alcohol, it 
gave fine yellow needles, m. p. 140 — 140-6°. 

Phenyl \-naphthyl ketone, (a) Benzoic anhydride (22*6 g.), naphthalene (12*8 g.), and nitrobenzene 
(140 c.c.) were treated with about 23 g. of boron trifluoride (i.e., about 3 moles per mole of benzoic 
anhydride). From an ether extract of the residue from the steam distillation, 19 g. (77%)’ of crude 


Solute. 

None 

None 

Benzoic anhydride 
Benzoic anhydride 
Phthalic anhydride 
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phenyl naphthyl ketone were obtained. A solution of 0*3 g. in 1 c.c. of benzene gave no precipitate after 
being boiled for 2 minutes and kept for 15 hours with 0*2 g. of picric acid in 1 c.c. of benzene (the 2-isomer 
gives an insoluble picrate in benzene, the 1-isomer none, and a mixture can be separated by virtue of this 
fact; see Perrier and Caille, Compt, rend,, 1908, 146, 769). The remainder of the crude product was 
crystallised 3 times from dilute alcohol, with charcoal ; m. p. 73 — 74° (Perrier and Caille, loc, ciL, give 76°). 

(6) Naphthalene (4*3 g.) and benzoic anhydride (7*6 g.) in carbon tetrachloride (76 c.c.) were treated 
with excess of boron trifluoride; a copious white precipitate was thrown down. About 2-8 g. of 
unchanged naphthalene were found in the steam distillate. From the residue 0*3 g. (about 4%) of crude 
phenyl naphthyl ketone was obtained. 

Attempted reaction of benzoic acid with naphthalene. Benzoic acid (5 g.) and naphthalene (5 g.) in 
nitrobenzene (66 c.c.) were treated with boron trifluoride as above. The materials were recovered 
substantially unchanged, and no phenyl naphthyl ketone was detected. 

Fries Rearrangement of 2-Naphthyl Benzoate, — ^Naphthyl benzoate (7 g.) in nitrobenzene (66 c.c.) was 
treated with a large excess (about 16 g.) of boron trifluoride as above. The residue from the steam 
distillate was made strongly alkaline, and filtered hot from some black solid. The filtrate was made acid 
and filtered again. The residue on the filter was crystallised twice from dilute alcohol with the addition 
of charcoal. The product was phenyl 2-hydroxy- 1-naphthyl ketone (2-4 g., 34%), m. p. 140*5 — 141°. 

Our thanks are due to Imperial Chemical Industries Ltd. for a grant. 

Dvson Perrins Laboratory, University of Oxford. [Received, December Zrd, 1946.] 


234. The Reduction of Oxides by Hydrogen and Carbon Monoxide. 

By W. E. Garner. 

The previous investigations on the heats of adsorption of hydrogen, carbon monoxide, 
oxygen, and carbon dioxide on ZnO, MnO^.j, and their mixtures have been summarised. 

These oxides are semi-conductors and there is considerable mobility of ions in the oxide lattice 
at the temperature of reduction. The adsorption at room temperature takes place on a surface 
which may be the result of an equilibrium set up in a lattice defect structure at higher 
temperatures. 

Reversible chemisorption of carbon monoxide occurs on metal-rich oxides with negative 
holes, and irreversible chemisorption on oxides with positive holes. The two types of 
chemisorption are not readily interconvertible. The reversible adsorption of carbon monoxide 
on zinc oxide, and the adsorption of carbon dioxide on the oxides of the transition elements 
occur without appreciable activation energy. It is suggested that when carbon monoxide is 
adsorbed irreversibly, there is set up a resonating system involving the S and D shells of the 
transition element. This system is moved in the direction of the carbonate ion, when the 
stoicheiometric quantity of oxygen is adsorbed on the surface. The ease with which the 
carbonate ion is dissociated is thus determined by the numbtT of unpaired electrons in the 
D and 5 shells of the transition element. 

Investigations on the reduction of metallic oxides by hydrogen and carbon monoxide have 
shown that the reaction proceeds through a number of intermediate stages to yield hydroxides 
and carbonates which decompose to produce the lower oxide or metal (Garner and Kingman, 
Trans, Faraday Soc,, 1931, 27 , 322; Garner and Veal, /., 1935, 1436, 1487; Dowden and 
Garner, /., 1939, 894 ; Gamer and Ward, 1939, 858 ; Ward, following paper). The processes 
which precede the evolution of water or carbon dioxide include (a) van der Waals adsorption, 
which is specially predominant at low temperatures, and also (b) several types of chemisorption. 
The rate of chemisorption on oxides increases rapidly with increase of temperature, which led 
Taylor (/. Amer. Chem, Soc., 1931, 53 , 678) to designate this type of process as " activated ” 
adsorption. The heats of chemisorption of carbon monoxide and hydrogen on a number of 
oxides range from 16 to 70 k.-cals./mol., according to the oxide. It is found that if the heat of 
adsorption is below 20 k.-cals./mol., the gas can be desorbed unchanged on raising the 
temperature, but when the heat is greater than this value, the adsorption is usualty irreversible, 
in the sense that, on warming, carbon dioxide or water is evolv^. The results have been 
obtained on oxides which are reducible with diflflculty. They may, how^ever, be capable of 
application to easily reduced oxides, where the various stages in the reaction may proceed too 
quickly for them to be readily isolated from one another. 

Chemisorption of Carbon Monoxide and Hydrogen, — In Table I are summarised the heats of 
adsorption of the two gases on a number of oxides at room temperature. On zinc oxide, carbon 
monoxide is adsorbed reversibly and carbonates are not formed, the activation energies and 
heats of reaction being unfavourable for the formation of carbonates in this case. For a mixture 
of zinc and chromium oxides, the adsorption of hydrogen or carbon monoxide is partly reversible 
and partly irreversible, the proportion of the two types of chemisorption depending on the state 
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Table I. 

Heats of adsorption (in k.-cals.jmoL) of CO and Hjj on oxidised and on reduced surfaces. 

Hj. CO. 

, < » 


, ^ ^ 

Substance. Reduced. Oxidised. Reduced. Oxidised. Remarks. 

ZnO No appreciable 20 18 13 Reversible desorption of CO at room 

adsorption temp. 

CrgOj 36 72 29-^22 28-^12 Hydrogen very difficult to remove, 

even by long treatment at 450®; 
CO evolved as COg at 70 — 400°. 

MnOi.5 44 30 67 62 

ZnO, CrgOg 13-^ 10 48-^ 13 15 11 44-^ 16 Partial desorption of CO and Hj at 

room temp. 

MnOi.j, CigOa ... No appreciable 33 47 CO not desorbed at room temp, 

adsoiption 


of reduction of the oxide. On heating the oxide on which hydrogen or carbon monoxide is 
reversibly chemisorbed to 100 — 200°, the gas is evolved unchanged. The pressure rises to a 
maximum and then falls to zero. On further heating to 400° the gas is evolved as water or carbon 
dioxide respectively. It is clear that the direct conversion from reversible to irreversible 
chemisorption does not occur, since the surface reaction is hindered by a high potential energy 
barrier which is greater than the heat of desorption of the gas (see Fig.). This may be due 
to the two states of adsorption taking place on different centres. For the other oxides quoted 
in Table I, the adsorption is, for the most part, irreversible. 

Formation of Caf'5o«a^^5.*-T-Information relevant to the formation of carbonates on the surface 
of the oxides is given in Table II. The oxides were treated with oxygen at 450°, then evacuated 
and cooled to room temperature. Measurements were made of the heats of adsorption of 
carbon monoxide, oxygen, and carbon dioxide, and of mixtures of carbon monoxide and oxygen. 

When the carbon monoxide is adsorbed irreversibly, carbon dioxide can be liberated on 
raising the temperature, but it is difficult to desorb this gas at room temperature. On the 
other hand, if carbon dioxide is adsorbed on the oxide, the heat of formation of the carbonate is 
of the order of 20 k.-cals., and the gas can be usually desorbed at room temperature, at a rate 
given by the Polanyi-Wigner equation, y « v . iSTe-^/*^, where Q is the heat of adsorption, N 
is the number of molecules adsorbed on 1 cm.^ of the surface, and v = 10^® sec. The absence of 
appreciable activation energy in the formation and dissociation of Carbonates is in agreement 
with the conclusions of Zawadzki and Bretsznajder (Z. Elektrochem., 1935, 41, 215) and Spencer 
and Topley (/., 1929, 2633). It is, however, clear that when carbon monoxide is adsorbed on 
an oxide, the product differs in some way from the carbonate formed from carbon dioxide. 

Table II. 

Heats of adsorption (in k.-cals. /mol,) of CO and JOg on oxidised surface. 


1. 

2. 

3. 

iO, 

4. 

5. 

6. 

7. 

JOg on reduced 

Substance. 

CO. 

after CO. 

CO + iO,. 

COg. 

Total heat. 

surface. 

ZnO 

18 

— 

— 

13 

— 

— 

CrgOg 

29 

55 

84 1 

18 

66 

40—50 

61 ♦ 

38* 

— 

— 

— 

— 

MnOi., 

67 

24 

82 

23 

68(59) 

31 

ZnO,Cr,Os 

44(18) 

22 

66 

15 

51 

22 

Mn 0 i. 5 ,Crg 03 

47 

39 

85 

20 

65 

52* 

19 


* Oxide containing hydrogen as hydroxide. t Calculated. 


The surface after adsorption of carbon monoxide (col. 2) is, however, unsaturated with 
respect to oxygen, and a quantity of oxygen can be taken up with the liberation of the heats 
shown in col. 3. These heats are quite large and depend on the previous history of the oxide 
as well as on its nature. For CrgOg the heats are lower if hydrogen is present in the oxide. 
The observations made with Mn0i.5,Cr208 are instructive. The adsorbed carbon monoxide 
cannot be removed by evacuation at room temperature, but after the adsorption of oxygen or 
after the adsorption of CO + JO, (col. 4), carbon dioxide is liberated on evacuation with a heat 
of desorption equal to the heat of adsorption of carbon dioxide (col. 5). In order to produce a 
carbonate from carbon monoxide with the same properties as that formed from carbon dioxide. 
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it is necessary to reoxidise the surface with the stoicheiometric quantity of oxygen. It will be 
noted that the total heats given in col. 6 correspond in most cases with the heat of the reaction, 
CO -f iOg ^ COa, which provides a good check on the accuracy of the measurements. 

Formation of Hydroxides . — The position with regard to the formation of hydroxides is not so 
clear, since the results at room temperature were not sufficiently complete. ** Activated 
adsorption of hydrogen does not readily occur on some of the oxides at room temperature. 
It was shown, however, in a number of cases that the surface reduced with hydrogen was not 
unsaturated to the same extent as with carbon monoxide. Also, the hydrogen adsorbed 
irreversibly is so tightly held that it is difficult to remove it completely without sintering the 
oxide. Thus no information could be obtained with regard to the heat of desorption of water. 
For CrgOg, the hydrogen cannot be completely removed, even at 460°. It can, however, be 
removed in the course of the reduction by carbon monoxide, which mobilises the adsorbed 
hydrogen. The residual hydrogen in the case of CrgOg is found to increase materially the heat 
of adsorption of carbon monoxide. 



Energy Levels . — The energy levels formed during the reduction of the oxides are set out 
schematically in the figure. This only gives a very approximate representation of the results 
of Table II, since the position of the levels varies with the oxide. The levels from left to right 
are : I, CO + ; II, van der Waals adsorption of CO ; III, reversible chemisorption of CO ; 

IV, irreversible adsorption of CO, leading to an iinsaturated surface; V, adsorption of 
CO + }02; and VI, carbon dioxide. There is an activation energy between II and III and 
carbon monoxide may be desorbed unchanged on raising the temperature if this activation 
energy is greater than the heat of desorption. This is the case for the adsorption of carbon 
monoxide on Zn 0 ,Cr 203 . The overall change from 1 to VI is the conversion of carbon monoxide 
and oxygen into carbon dioxide. 

Lattice Irregularities . — These oxides belong to the class of semiconductors, the electrical 
conductivity being due to a defect or excess of some ion in the lattice. Zinc oxide dissolves 
zinc, giving negative holes in the lattice. Oxides of manganese give a series of partially miscible 
solid solutions of MnO, Mn 304 , and MnaOg, which can only be produced at the expense of some 
lattice irregularity. In this case, oxygen is in excess, which probably gives rise to positive holes 
in the lattice. It is thus similar to the cuprous oxide, which has been thoroughly investigated 
by Wagner (cf. Mott and Gurney, Electronic Processes in Ionic Crystals ”, 1940), who shows 
that there is considerable mobility of the ions at high temperatures. On removal of oxygen by 
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reduction, negative holes will be produced on the surface, and if the temperature is sufficiently 
high, these negative holes will migrate into the interior of the lattice, their place on the surface 
being taken by oxygen ions. The surface reduction of oxides might therefore at sufficiently 
high temperature lead to a movement of oxygen from the interior of the lattice to the surface. 

A phenomenon of this type possibly occurs at 460®, when the oxides are undergoing reduction. 
The extent to which the reduction occurs at this temperature and the quantities of gas which 
can be absorbed on the reduced surface are shown in Table III. 

Table III. 

RediLCtion of surfaces of oxides. 


Gases adsorbed on reduced 
surface at saturation, in c.c. 

Gas used gas used at room temp. 

in reduc- up at , * * 

Substance. Wt., g. tion. 400—450®. Hj. CO. O^. Remarks. 

ZnO.CrgOs 14-8 200 3*0 1-4 9*0 

ZnO 6 0 Ha 3 c.c. /hr. V. small 0-35 — Zn volatilises on 

reduction 

MnOj.5 11-2 /CO 64 — 2*0 — 

\Ha 243 0 17 — — 

CraOa 161 CO 57 V. small 32-3 30 0 


Mn 0 i. 5 ,Cr 203 ... 19-7 CO 28 V. small 10 010 

If the surfaces are reduced stepwise, only a relatively slow" change in the character of the 
surface occurs as the reduction proceeds. Thus with Zn0,Cr208 the reduction by 50 c.c. of 
hydrogen out of a total possible of 200 c.c. made no significant difference to the volume of 
hydrogen adsorbed or to its heat of adsorption at room temperature. A similar resuli also 
was obtained with MnO^.^ ; the adsorption and heat of adsorption of carbon monoxide was not 
appreciably affected by the partial reduction of the oxide. Also, the amount of oxygen 
adsorbed and the heat of adsorption of oxygen on CraOs only increases slowly as the surface is 
reduced. The amount of oxygen adsorbed by manganous -chromic oxide is only slightly 
affected by the reduction process. As oxygen is removed from the surface during the reduction, 
there is evidently some compensating factor which keeps the properties of the surface unchanged. 
This may well be the diffusion of oxygen ions from the lattice to the surface. 

At room temperature the mobility of the oxygen ions within the lattice is probably very 
low, so that the oxide under these conditions would be expected to be a frozen form of the 
equilibrium set up at higher temperatures. The adsorption of hydrogen and carbon monoxide 
at room temperature may therefore take place on lattice irregularities caused by the 
establishment of equilibrium in a lattice defect structure at higher temperatures. The bearing 
of lattice defects on the reduction of oxides and for catalysis generally has not yet received much 
attention, and no researches appear to have been directed specifically to clear up this point. 

Activation Energy during the Reduction of Oxides . — Carbon monoxide is, adsorbed on oxide 
surfaces in two ways, (1) reversibly and (2) irreversibly. The first type occurs on ZnO, on 
Zn 0 ,Cr 203 , and only to a small extent on the other oxides. On zinc oxide the heat of adsorption 
is 18 k.-cals. and the gas can be completely desorbed at room temperature within 20 minutes. 
The rate of desorption is given by iVve*"^/*^, where N = number of adsorbed molecules per 
cm.*, V = 10^* as a maximum value, and E = the energy required to evaporate the molecule 
from the surface. Calculation shows that E is approximately the same as the heat of adsorption 
within a few calories. The reversible adsorption is thus not appreciably activated. 

On ZnOjCrjOg, both types of adsorption occur, but the passage from reversible to irreversible 
adsorption does not readily occur on the surface. On heating, carbon monoxide first evaporates 
and then condenses to give an adsorption complex from which carbon dioxide can be liberated. 
It is very probable, therefore, that different centres are involved in the two t>"pes of adsorption 
process. 

On oxides of the transition elements and their mixtures, carbon monoxide reacts with two 
oxygen ions or atoms on the surface to give CO,"" ions, liberating two electrons : 

(1) CO -f 20- — CO, f 2e 

The surface has become unsaturated with respect to oxygen, which can be added in 
stoicheiometric quantities, viz., JO^ to each CO : 

(2) JO 2 + ^ ^ 


O’ 
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The process is shown schematically below for a bivalent metal ion. 


Me** 

0“ 

Me** 

0“ 

Me** 

CO 

Me** 

0“ 

Me** 

2e 

Me*‘ 

Me** 

0“ 

Me** 

o“ 

Me** 

5^ 

Me** 

0“ 

Me** 

CO,“ 

Me*‘ 

Me** 


Me** 


Me** 


Me** 


Me** 


]\Ie*^ 


(I.) (II.) 


Me** Me** Me** 

O* O” 

Me** Me** Me** 

0“ cor 

Me** Me** Me** 

(III.) 

The following qualitative picture can be given in explanation of the experimental results. 
The electrons set free in (II) will be held in the neighbourhood of the carbonate ion. They will 
possibly be accommodated in the S or D shells of the transition element,* which, together with 
the CO 3 " ion, can form a resonating system : 

(3) CO -f 20“ + 2Me** CO 3 + 2Me* 

The addition of JOg in (III), 

(4) iOg + 2Me* ^ 0“ H- 2Me** 

will have the effect of moving the resonating system in (3) to the right, i.r., in the direction of 
the formation of COg" ion, which would explain the observation that COg is evolved more 
readily from state (III) than from state (II). 

The carbonate ion can be dissociated to give carbon dioxide. Measurements of the rates of 
desorption show that within a few calories the activation energy is the same as the heat of 
adsorption. The process of dissociation involves the displacement of the carbon atom as in 
{5), and the transference of the two electrons to an oxygen atom and the metal ions associated 


( 5 ) 


\n 


0“ + COs 


with it in the lattice. An activation energy might be expected for this step, but it may be 
small,! especially if there is some choice among the levels of the D and 5 shells of the transition 
element, in the formation of the bond between the oxygen ion and the surrounding metal ions. 
If there is a broad band of electronic levels in the shells of the transition element, which are 
suitably placed with respect to the levels of the oxygen and carbonate ions, then the electron 
transfer reactions (3) — (5) would be facilitated. The effectiveness of the transition metals for 
catalysis generally may depend on a suitable distribution of the electron levels in the catalyst. 

When carbon monoxide is adsorbed reversibly on zinc oxide, the surface does not become 
unsaturated with respect to oxygen, and no additioi^al oxygen can be adsorbed after carbon 
monoxide. This is in accord with the view that reversible and irreversible adsorption of carbon 
monoxide occur on different centres. 

Conclusions on the Reaction of Carbon Monoxide with Oxides . — It has been demonstrated that 
reversible adsorption of carbon monoxide occurs on metal-rich oxides with negative holes in the 
lattice, and irreversible adsorption on oxides defective in metal ion with positive holes. The 
two types of adsorption are not readily inter-convertible and probably occur on different types 
of centre. Reversible chemisorption may take place on sites where electrons can be donated 
to the adsorbed molecule, and irreversible adsorption on sites which can abstract electrons from 
the molecule. The reversible adsorption is not appreciably ** activated 

It is suggested that the resonating system CO -f 20“ -f 2Me’* COg” -f 2Me' may play 
an important part in the irreversible adsorption. The carbon monoxide is held in an 
intermediate state on the way to a CO 3 " ion. This system will move to the right if the number 
of unpaired electrons in the shells of the metal ion is increased, so that the extent to which the 


♦ The transition elements are most effective as catalysts when their magnetic susceptibility is highest, 
indicating that the unpaired electrons in the D shell play an important part in heterogeneous catalysis 
(Hiittig, /. Amer. Chem, Soc., 1935, 57 , 2470 ; Hofer, Peebles, and Dieter, ibid., 1946, 68 , 1953 ; Selwood, 
Hill, and Boardman, ibid., p., 2055). 

f I am indebted to Dr. F. C. Frank for this suggestion. 
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carbonate ion is formed can be increased by the adsorption of oxygen simultaneously with 
carbon monoxide, JOj -f 2Me* — ^ O" -f 2Me**. This is in accord with the fact that the 
carbonate ion is more readily dissociated when the surface is saturated with oxygen. 

The dissociation of the carbonate ion has been shown to possess an activation energy 
approximately equal to the heat of adsorption of carbon dioxide, so that the formation of 
carbonate ions from carbon dioxide requires no appreciable activation energy. In explanation 
of this fact, it is suggested that the activation energy for the dissociation may be small if the 
electronic levels of the shells of the metal ions lie in a broad band which is suitably placed with 
respect to the electronic levels of the oxygen and carbonate ions. 

I am indebted to Imperial Chemical Industries Ltd. for a grant for the purchase of apparatus used in 
these researches. 

The University, Bristol. [Received, December m , 1946.] 


235 . Heat of Adsorption of Gases on Manganous-Chromic Oxide at 

Room Temperature. 

By T. Ward. 

Measurements have been made of the heats of adsorption of carbon monoxide, carbon 
dioxide, and oxygen. Carbon monoxide is irreversibly adsorbed, giving carbon dioxide on 
rise of temperature. The surface, after the addition of carbon monoxide, is unsaturated with 
respect to oxygen. The evolution of carbon dioxide is facilitated after the unsaturation has 
been removed, and carbon dioxide can be desorbed with a heat of desorption equal to the heat 
of adsorption of carbon dioxide. The adsorption of carbon dioxide is not “ activated 

This investigation is a continuation of a series of experiments on the heats of adsorption of 
carbon monoxide, carbon dioxide, oxygen, and hydrogen on the metallic oxides, ZnO, MiiO^.b, 
and Cr-^Oa, and the changes in adsorptive properties that occur on mixing two of the oxides 
(Garner and Veal, J., 1935, 1436, 1487; Garner and Kingman, Trans. Faraday Soc., 1931, 
27 , 322; Dowden and Garner, J., 1939, 894; Garner and Ward, ibid., p. 858). In the present 
work, a study has been made of the heats of adsorption of the above gases on the fully oxidised, 
reduced, and partly reduced surfaces of manganous-chromic oxide. Particular attention has 
been paid to the formation of carbonates from carboji monoxide and oxygen, and from carbon 
dioxide. 

Although the properties of CrgOa and MnOj as promoters are well known, little attention 
appears to have been paid to the study of adsorption on tlio mixed oxides. Taylor and William- 
son (/. Amer. Chem. Soc., 1931, 53 , 2168) have shown that over the range — 78*5° to 144° 
there are two forms of adsorption of hydrogen and carbon monoxide. At — 78*5° hydrogen 
was adsorbed molecularly with a heat of 1*9 k.-cals./mol., as calculated from adsorption 
isotherms. At 300 — 400°, the heat of adsorption of hydrogen was ^^20 k.-cals. Only 
qualitative results were obtained with carbon monoxide. 

Experimental. 

Preparaiion of the Oxide. — Manganous ammonium chromate was prepared by the method of Taylor 
and Williamson {loc. cit.) by the interaction of manganous nitrate and ammonium chromate, the solution 
being titrated until just neutral with ammonia and then filtered. The precipitate was washed 
thoroughly with ammonium nitrate solution, then with distilled water, and finally dried. It was now 
oxidised at 400° in a stream of oxygen for 48 hrs., a black amorphous powder being formed. The 
powder was unsuitable for use in the type of calorimeter employed; hence, it was pressed into small 
tablets by means of a pastel press, these tablets being then cut into squares OT mm. in size. It was 
finally treated in situ with oxygen at 400°. No information concerning the X-ray structure of the 
spinel could be obtained. 

Specific Heat of the Oxide. — This was determined by the method employed by Garner and Randall 
(/., 1924, 126 , 881). The average value for the determination was 0T66 cal. /deg. 

Calorimeter. — This was of the type If (Garner and Veal, loc. cit.), but with the slight alterations men- 
tioned by Garner and Ward (loc. cit.), where the details of the method of measurement are given. The 
weights of the materials used were, platinum 1*6506 g., Pyrex 2*4023 g., oxide 19*680 g., and the specific 
heats 0*0314, 0*20, and 0*166 cal./deg. respectively. These values gave a water equivalent of the 
calorimeter of 3*800 cals./deg. 

The calibration of the calorimeter was carried out by noting the change in temperature by a 
standardised Beckmann thermometer when the temperature of the calorimeter fluid was altered by 
the addition of either ice or hot water, and at the same time recording photographically the e.m.f. of 
the thermocouple on a Z.c. Kipp and Zonen galvanometer. The sensitivity was 15 cm. per degree. 
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A preliminary series of experiments showed that the heat conductance of the catalyst was good ; 
the admission of helium as a diluting gas and the mixing of the oxide with gold wire (Garner and Dowden, 
loc. ciL) were therefore unnecessary. The cooling correction was determined after saturating the oxide 
with oxygen, carbon dioxide, etc., at pressures of 10~^ — IO -2 cm., allowing the system to come to equi- 
librium, and then reducing the temperature of the calorimeter by 1° or 2®. The change in e.m.f. of 
the thermocouple was recorded, and the loss of temperature per minute for a difference of temperature 
of 1® between the calorimetric fluid and the thermocouple was obtained for every minute up to the 
20th. The values obtained were, 1 — 6 mins., 0 020°; 6 — 10 mins., 0-018°; 10 — 15 mins., 0*016°; 
16 — 20 mins., 0-016°. These values were independent of the gas used, and held over a range of pressures 
from hard vacuum to 10~® cm. In the following experiments the pressure was not allowed to rise 
above lO-® cm. 

There was no drift with time in the values of the heats of adsorption, except in a few experiments 
where slow reactions occurred, showing that a uniform distribution of gas was attained throughout the 
calorimeter. 

For most of the work the oxide was reduced by carbon monoxide at 400°. Hydrogen was not 
employed in the reduction until the end of the experiments, in order to avoid contamination of the 
solid with hydrogen in the initial experiments. 

Adsorption of Oxygen. — 28 C.c, of carbon monoxide were required to reduce the surface, and beyond 
this point the reduction was so slow as to be noticeable only after several days. The extent of the 
reduction was determined by freezing out and measuring the volume of the carbon dioxide formed. 
The results for the heats of adsorption on the oxidised, reduced, and partly reduced surface are given 
below. The last value was obtained on a surface reduced with hydrogen. The partly reduced surface 
gave lower values for the heat of adsorption than either the fully oxidised or the fully reduced surface. 


Reduction of 

Oxygen 

Heat of 

Reduction of 

Oxygen 

Heat of 

surface 

adsorbed 

adsorption 

surface 

adsorbed 

adsorption 

(c.c. of CO). 

(c.c.). 

(k.-cals.). 

(c.c. of CO). 

(c.c.). 

(k.-cals.). 

0 

0-2 

22 • 

18 

003 

- 4-6 t 

4 

0-045 

- 6-6 t 

28 

000 

-f 19-1 

8 

0-10 

- 6-0 1 

30 (Hg) 

008 

H-52 


* After oxidation at 400°. 

t The adsorption on the partially reduced surface was abnormal. The galvanometer showed an 
immediate absorption of heat, recorded above, followed by a slow positive evolution. The negative 
values were not due to the presence of temperature gradients in the oxide, since the addition of helium 
before the experiments gave no change in temperature. 


Adsorption of Carbon Dioxide. — The oxidised surface adsorbed 1-8 c.c. of carbon dioxide at a pressure 
of 10-“ cm. For the measurements of heats of adsorption, the gas was admitted 0-6 c.c. at a time and 
a heat of 20 k.-cals. was obtained for the first admission and 14 k.-cals. for the second. All of the 
gas could be desorbed on evacuation at room temperature, and the heat of desorption after the first 
admission gave 19 k.-cals. The rate of desorption was measured, and the Polanyi-Wigner equation, 
rate — Nvo - applied, the symbols are as defined in the x>recoding paper. If Q is calculated from 
the rate, a value of 22 k.-cals. is obtained for the heat of desorption. On the fully reduced surface the 
heat of adsorption of carbon dioxide was lower : 0-5 c.c. gave 14 k.-cals. The heat of desorption of 
this gas was 13 k.-cals. These results show that very little activation energy is needed for th(5 adsorp- 
tion of carbon dioxide, in agreement with the majority of the results in previous papers. 

Adsorption of Hydrogen. — No hydrogen could be adsorbed on the oxidised or reduced surfaces at 
room temperature, although at 400° the catalyst could be readily reduced. Neither was there any 
appreciable adsorption of hydrogen when the gas was mixed with oxygen. This is in agreement with 
the experiments of Taylor and Williamson (loc. cit.), who did not obtain appreciable “ activated ” 
adsorption of hydrogen below 100°. 

Adsorption of Carbon Monoxide, followed by Oxygen. — The carbon monoxide was adsorbed on the 
oxidised surface, and oxygen admitted subsequently to the same surface. The quantity of oxygen 
adsorbed was always less than the stoicheiometric proportion given by the ratio CO : JOg. liiree 
series were carried out : 


C.c. 

Gas. adsorbed. 

CO 0-602 

O 2 0132 

CO 0-546 

Oj 0-113 


Heat of 
adsorption 
(k.-cals.). 
46 \ 

78 i 
45 h 
76/ 


Total 

(k.-cals.). 

85 

83 


Gas. 

CO 

O, 


C.c. 

adsorbed. 

0-682 

0-168 


Heat of 
adsorption 
(k.-cals.) 
48 
64 


Total 

(k.-cals.). 

80 


Carbon monoxide could not be desorbed from the oxide at room temi^erature until the oxygen had 
been adsorbed, whereupon it could be completely desorbed as carbon dioxide with a heat of 22 k.-cals. 
This is the same as the heat of adsorption of carbon dioxide on the oxide surface, so that it is clear 
that the same adsorption state has been reached from carbon monoxide and oxygen as was obtained 
with carbon dioxide. 

If the surface was saturated previously with 1*81 c.c. of carbon monoxide, only about 0*19 c.c. of 
oxygen was adsorbed, with a heat of 76 k.-cals., which was the same as that given in the above table,, 
but in this case the heat was liberated slowly and was not completely evolved until 20 mins, had elapsed. 
This indicates that adsorbed oxygen is undergoing a slow reaction with the surface. On desorption,, 
the carbon dioxide was evolved at room temperature with a heat of 20 k.-cals. 

A mixture of CO -f iOj was admitted to the oxidised surface (0-4 and 0*8 c.c. respectively) and 
completely adsorbed. A heat of 85 k.-cals. was liberated, which is in agreement with the total heat 



1246 Heat of Adsorption of Gases on Manganous-Chromic Oxide, etc. 


in the above table. The heat of desorption of carbon dioxide in this case was 18 k.«ca2s», which is 
within a few calories the .same as the heat of adsorption of carbon dioxide. 

On the surface reduced with 28 c.c. of carbon monoxide, carbon monoxide was adsorbed with a 
heat of 33 k.-cals, (0-7 c.c. adsorbed). 

Discussion. 


The measurements of the heats of adsorption on the mixed oxide, MnO 1.5,01203, and the 
two oxides separately do not bring to light any phenomena which might be said to characterise 
promoter action. The research has only been concerned with measurements at one tem- 
perature. For the study of promoter action, measurements need to be made over a range 
of temperatures, in order to cover adequately the range at which chemisorption occurs. At 
room temperature, the slight adsorption of hydrogen on the separate oxides, and negligible 
adsorption on the mixed oxides, make it impossible to obtain much information about promoter 
action in so far as the adsorption of hydrogen is concerned. 

It has become evident as the work proceeded that measurements were giving information, 
on the reduction of oxides by hydrogen and carbon monoxide. This aspect of the results 
will be dealt with in a separate communication. This discussion will be limited to aspects 
more specifically derived from the results in the present paper. 

It is a strildng fact that, for both manganous oxide and manganous-chromic oxide, the 
reduction of the surface at 400° does not materially increase the quantities of oxygen which 
can be taken up at room temperature. This is in marked contrast with the behaviour of 
ZnOjCrgOa and CrjOj, where there is an increase on reduction of the quantities of oxygen 
adsorbed. These differences in behaviour are very probably due to differences in the mobility 
of the constituents of the lattice at the temperature at which the reduction is carried out. 
Too little is known about these movements in the case of these oxides to warrant an attempt 
at a very precise interpretation. The oxides belong to the scmi-conductor class for which 
there is an appreciable electrical conductivity due to lattice defects. A possible interpretation 
of the results with manganous oxide and manganous-chromic oxide is that the oxygen ions 
are mobile at the temperature of reduction and that the effects of reduction of these oxides are 
made good by the diffusion of oxygen from the lattice to the surface at which reduction occurs. 

When an oxide is reduced with hydrogen, it is difficult to remove the last traces of water. 
These materially affect the heats of adsorption, as was pointed out previously in the paper on 
CrgOs. A hydrogen-reduced surface of manganous-chromic oxide gives a greater heat of 
adsorption of oxygen than a carbon monoxide-reduced surface. The heat obtained approaches 
that given when oxygen is adsorbed on a surface containing carbon monoxide. The high heat 
may thus be due to lattice defects caused by the presence of hydroxyl ions in the lattice. 

The results obtained with carbon monoxide and carbon dioxide are perhaps of the greatest 
interest, since they can be interpreted unequivocally. Carbon dioxide is adsorbed on manganous 
oxide, manganous-chromic oxide, and chromic oxide to give carbonates without the necessity for 
activation energy. The heat of desorption is the same as the heat of adsorption, and the 
rate of desorption can be calculated from the Polanyi-Wigner equation. 

When carbon monoxide is adsorbed on the oxidised surface, the product formed cannot 
be dissociated at room temperature, and carbon dioxide is evolved only after the temperature 
is raised. The surface is, however, unsaturated after the adsorption of carbon monoxide, and 
can take up oxygen. When the unsaturation has been removed, carbon dioxide can be desorbed 
by evacuation at room temperature. The same final state is produced, whether starting from 
carbon dioxide or from carbon monoxide, provided in the latter case that oxygen be added 
at the same time. This is made clear by the following data derived from the heats of 
adsorption : 




(1) 2x0 + CO — > 2X0, CO + 47 k.-cals. 

2X0, CO + JO, ^ XO + XCO, + 38-5 k.-cals 

(2) 2X0 i- CO + JO, ^ XCO, -f- XO -f 85-5 k.-cals. 

(3) CO + JO, ^ CO, -f 68 k.-cals. 

2X0 •+• CO, — >- XO -f XCO, -f 20 k.-cals, 


85'6 k.-cals. 


J 


88 k.-cals. 


The agreement between the heats for the three processes shows that a carbonate is produced 
in the reaction of carbon monoxide and oxygen with the oxide. 


The author wishes to acknowledge the receipt of a grant from Imperial Chemical Industries, Ltd., 
for the purchase of apparatus. 

The University, Bristol. 


[Received^ December 1946 .] 
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236 . The Constitution of a By-product from the PrepiraXion of 

THcMoro'pyrimidine from Barbituric Acid. 

By F. E. King, T. J. King, and P. C. Spensley. 

The constitution of a high-boiling crystalline by-product from the reaction between barb- 
ituric acid, phosphoryl chloride, and dimethylaniline is shown by synthesis to be 4 : ^-dichloro- 
2~l:^-rn$thylanilinopyrimidine and not the expected 2 : 6-dichloro-4-iV-methyl compound. 


When preparing 2:4: 6-trichloropyrimidme from barbituric acid by the improved method of 
Baddiley and Topham (/., 1944, 679), using phosphoryl chloride and dimethylaniline, a crys- 
talline by-product was isolated from the residue, after distillation of the trichloro-compouiid, 
as a fraction of b. p. 240 — 300°. The yield of recrystallised product averaged 6%, and it was 
at first believed to be a partly chlorinated barbituric acid. However, analyses indicated the 
structure to be that of a dichloropyrimidine containining a monomethylaniline residue, thus 
suggesting either 4 : 6-dichloro-2- or 2 : 6-dichloro-4-i\r-methylanilinopyrimidine as the correct 
constitution. The by-product was still obtained even when dimethylaniline carefully freed 
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from traces of the monomethyl compound was employed, and its formation is therefore similar 
to that of 2:4: G-tri-A'-methylanilinopyrimidine (I) from trichloropyrimidine and dimethyl- 
aniline (Kawai and Miyoski, Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1931, 16, 20), in which 
the loss of methyl chloride from an intermediate quaternary salt is involved. 

Since the action of aniline on trichloropyrimidine is presumed to give 2 : 6-dichloro-4- 
anilinopyrimidine (Winkelmann, J. pr. Chem., 1927, 115, 305), the constitution of the new 
pyrimidine was thought to be analogous. This supposition was, however, disproved when 
the condensation of monomethylaniline and trichloropyrimidine in ethanol gave the non- 
identical 2 : ^•dichloYO-4^-‘'^-methylanilinopyrimidine (II). Its 2-metkylanilino-\somQv (III, 
R = Cl) was therefore synthesised from a-phenyl-a-methylguanidine and ethyl malonate in 
alcoholic sodium ethoxide solution, the intermediate '^-mcthylanilinodihydroxypyrimidine 
(III, R == OH) .giving on treatment with phosphoryl chloride a product indistinguishable 
from the substance under investigation. 

By means of the phosphoryl chloride-dimethylaniline method, 4 : (S-dichloro-t)-\y-chloro- 
henzeneazo-2-methylpyrimidine has been prepared from the corresponding dihydroxypyrimidine 
(Lythgoe, Todd, and Topham, /., 1944, 3151), but under similar conditions the 2:4: 0-/n- 
hydroxy-li-^-chlorohenzeneazo-coiTvpound gave only tarry products. 


Experimental. 

2 : %’Dichloro~Ar^-methylanilinopyrimidine . — Methylaniliue (11 g., 2 mol.) was added to a solution 
of trichloropyrimidine (9-2 g., 1 mol.) in ethanol (40 c.c.) at room temperature. After 3 hours the 
colourless product was collected and crystallised from alcohol. The dichloromethylanilinopyrimidine 
QI) separated in tiny prisms, m. p. 106 — 107° (Found ; C, 51-7 ; H, 3*8 ; Cl, 27-8. CnHfNjClg requires 
C, 52*0^ H, 3*5: Cl, 27*9^^). 

%-'^-Methylanilino-^ : ^-dihydroxypyrimidine. — a-Phenyl-a-methylguanidine hydrochloride (8 g.) dis- 
solved in ethanol (20 c.c.) was added to a solution of sodium (2 g.) in ethanol (40 c.c.), and, with the 
addition of ethyl malonate (6*3 g.), the mixture was heated under reflux on a steam-bath for 8 hours. 
After standing overnight, the precipitated sodium salt was collected and treated with dilute acetic 
acid. Crystallisation of the product from boiling water gave the pyrimidine (III, R = OH) (2-6 g.) 
as nearly colourless flat prisms, m. p. 219° (Found : C, 60*8; H, 4*9; N, 19-6. CuHnOoNo requires 
C, 60*8; H, 5*0; N. 19*4%). 

4 : ^Dichloro-2-ii^-methylanilinopyrimidine. — (a) The colourless distillate obtained from the residue 
of the trichloropyrimidine preparation was crystallised from alcohol, and the pyrimidine (III, R = Cl) 
obtained in thick rhombic plates, m. p. 92 — 93° (Found: C, 62*0; H, 3*6; Cl, 27*6. CnH.OaCh requires 
C, 62*0; H, 3*6; Cl, 27*9%). 

ip) The dihydroxypyrimidine (III, R = OH) (2 g.) was heated under reflux with phosphoryl chloride 
(6 C.C.) for 16 minutes. The liqnaid was then poured on ice, and the precipitated solid collected and 
crystallised from ethanol (Found : C, 63*4; H, 3*8%). Admixture of the product with a specimen 
from the trichloropyrimidine preparation did not depress its m. p. of 92°. 

4 ; ^-Dichloro-^-^-chlorohenzeneazo-2‘methylpyrimidine . — A mixture of 4 : 6-dihydroxy-5-p-chloro- 
benzeneazopyrimidine (6 g.), phosphoryl chloride (6 c.c.), and dimethylaniline (3 c.c.) was warmed 
until the solid dissolved. The black liquid was poured on ice, and after 1 hour the resinous product 
was separated by decantation and triturated with alcohol. Crystallisaticm of the orange solid (2*9 g.. 
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ofiotded the aiopynmidme hemi-aJcokolate as clusters of bright red needles, m. p. 
IWMFcmnd ; C. 441 H, 31. C„H,N.a„lEtOH requires C, 44-3 : H, 31%). 

^\^\^Tfihydfoxy-B-'P‘Chlorohenz&neaxopyHmidine (cf. Lythgoe, Todd, and Topham, loc, A 

cold aqueous solution of barbituric acid (16 g.) was treated with a solution of ^-chlorobenzenediazonium 
chloride (from 16 g. of ^-chloroaniline) in excess of concentrated hydrochloric acid. The solid which 
separated on basification with sodium hydrogen carbonate was collected, washed, and dried at 100®; 
the very sparingly soluble azopyrimtdine crystallised from cycldhex'dnone in minute yellow needles, 
m. p. 300® (Found ; C, 45*0; Ii, 2-7. CioH^OsN^Cl requires C, 44-9; H, 2*6%). The action of phos- 
phoryl chloride-dimcthylamline on the azo-derivative gave an uncrystallisable resin. 

Dyson Perrins Laboratory, Oxford. [Received, September 13M, 1947. 


237 . Spectroscojnc Studies of the Amide Linkage. 

By R. E. Richards and H. W. Thompson. 

'J he infra-rcd absorption spectra of a number of simple and substituted amides have been 
measured between 2 and 16/4. The regions of particular interest are 6 — 7 ^ and 3 /t, where 
absorption bands characteristic of the amide grouping occur. There are significant alterations 
m the spectra according to the state of aggregation in which the substance is measured, and these 
have an important bearing upon the interpretation of the results. A satisfactory explanation 
of the positions and shifts of the bands has been given. It is concluded that the amides exist 

])redominantly in the ketonic form, which associates in the solid state through N~H O bridges. 

The results provide a basis for more detailed studies on complex amides, amino-acids, and 
peptides. 


The correlation of the infra-red absorption spectra of simple molecules with the presence of 
particular structural groups has recently made it possible to apply the method successfully in 
studying polymers and macro-molecules. It is natural to enquire whether information can be 
obtained in this way about the structure of proteins, and other compounds in which the amide 
linkage forms an essential part. We have already obtained some promising results with nylon 
66 and its derivatives, and new experimental methods suggest fresh possibilities for the infra-red 
examination of proteins. Other workers have also explored the subject (Wright, J. Bioh Cheni,, 
1939, 127, 137; Buswell and Gore, /. Physical Chem., 1942, 46, 676). It remains certain, 
however, that before any detailed understanding of these more complicated molecules is 
achieved, much must first be explained about the spectra of simple amides and amino-acids. 

The conventional plausible structures for an amide are the keto- (I ; R = H) and the enol 
(II ; R =: H) form. Each of these structures would probably be stabilized by resonance with 
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a dipolar form, .such as (TTI; R =* H) or (IV; R = H). Hantzsch (Ber., 1931, 64 , 601) 
measured the ultra-violet absorption spectra amides in various solvents, and concluded that in 
the cases studied — trichloroacetamide and benzamide — the enolic form predominates. On the 
other hand, more recent AT-ray measurements by Senti and Marker (/. Amer, Chem, Soc., 1940, 
62 , 2008) show that in the solid state these molecules are associated into ring polymers, and that 
the occurrence of the enolic form is very unlikely. Some infra-red measurements by Buswell, 
Rodebush, and Roy {ibid., 1938, 60 , 2444), by Buswell, Downing, and Rodebush (ibid., 1940, 62 , 
2769), and by Buswell and Gore (J, Physical Chem., 1942, 46 . 675) have been described, but the 
results are not conclusive. 

The amide grouping may be expected to have vibrational frequencies corresponding to the 
stretching of CIO, N~"H, CIN, or O ‘H bonds, and also the associated bending oscillations. These 
several frequencies will be expected to give rise to absorption bands in the regions 6 — 7 p and 
near 3 |ji. Absorption bands due to less localized vibrations of the molecular skeleton as a whole 
will for the most part lie at wave-lengths longer than 7 p, and between 7 and 14 p at least are 
not usually very significant for our present purpose. Results are summarised below of 
measurements on the spectra of a number of amides in the solid state and in solution, and 
interpretations are suggested in terms of the possible molecular structure. 


Experimental. 

Between 7 and 16 the spectra were measured with a single»beam recording spectrometer using a 
rock-salt prism (Whifien and Thompson, J., 1946, 268). Most of the measurements considered here. 



1249 


[1947j 


Spectroscopic Studies of the Amide Linkage. 


sir#* for the redons 5-— 7 u and 3 /a, for which a large double-beam recording spectrometer with 
raldum ’fluoride prism was used (Sutherland and Thompson, Trans. Faraday Soc., 1945, 41, 174; 
Thompson, Whiffen, Richards, and Temple, to be published shortly). This instrument not only has the 
markea ad’vantage that there is no disturbance in the region 5 — 7 /a from the atmospheric water vapour 
band, but also use is made of the greater dispersion of fluorite compared with rock-salt. Calibration of 
wave-lengths was obtained with the absorption lines of water, ammonia, carbon dioxide (Oetjen, Kao, 
and Randall, Fev. Sci. Instr., 1942, 18, 615), nitrous oxide, and other substances. At about 1700 cm.~^ 
the position of bands could be measured to within ± 3 cm.“^ and at 3000 cm.~^ to within ± 8 cm.”^. 


Fig. 1. 



1. Butyr amide. 

2. Hexoamide. 

3. Phenylacetamide. 

4. Benzamide. 

5. Furoamide. 

6. Phenylacetomethylamide. 


7. Phenylaceto-teii.-hutylamide. 

8. Phenylaoeto-text.^amylamide. 

9. Phenylacetocyclohexylamide. 

10. Acetodiethylamide. 

11. Acetophenylmethylamide. 


depending upon the breadth of the bands concerned. In many cases where comparisons were being 
made to discover a general trend, the relative positions of bands of different substances were probably 
more accurately determined than their absolute values, since several spectra could be measured on the 
same chart. As indication of the resolving power of the instrument, it was possible when using it as a 
single-beam spectrometer to resolve clearly lines 2 — 3 cm.”^ apart at 1700 cm.”^, and about 16 cm.“^ 
apart at 3000 cm.*"^; with the double-beam arrangement, which necessitated somewhat wider slits, the 
corresponding figures were about 6 cm.~^ and 20 cm.”^. 

Solutions were measured in cells 0*01 and 0*2 cm. in thickness, according to the dilution used. The 
choice of solvent is limited by the solubilities of these compounds, and by the absorption of the solvent. 
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Dioxan, chloroform, methyl cyanide, and methanol were normally used, being purified in the standard 
manner. Amides were measured in the solid state by grinding to a fine paste with medicinal paraffin 
and pressing between a pair of rock-salt plates. By suitable adjustment of the size of the particles, 
specimens prepared in this way produce little scattmng and a satisfactory spectrum can be obtained 
with only a few mg. of the solid. 

The compounds examined were either prepared in this laboratory or obtained commercially. In aU 
cases they were purified by recrystallisation or other appropriate methods. 

Fig. 2. 



mo J600 mo mo cm:^- mo noo 


Solutions in diox an, 

7. p-Nitroaceianilide. 

8. %-Bromoaceto-p-toluidide, 

9. Z-Bromo-b-nitroaceto-p-toluidide, 

10. Benzanilide, 

1 1 . Phenylacetanilide . 

12. Phenylaceto-p-toluidide, 

Results, — Solutions in dioxan. Fig, 1 shows the spectra (1 — 5) of five simple unsubstituted amides in 
dioxan near 6 ft. Any effect of this solvent on 0=0 or C=N groups by association or similar interactions 
must be negligibly small. Two bands occur in this region, a strong one near 1690 cm,”^ and a weaker 
one of somewhat variable intensity at 1616 — 1620 cm.”'^. Fig. 1 also shows (6—9) some JV-alkyl mono- 
substituted amides, which exhibit two bands at 1676—1680 cm.“^ and 1630 — 1640 cm,"^. In these cases 
the latter band is more marked in intensity than the band of the unsubstituted amides at 1616—1620. 
With the two ATiV-disubstituted amides there is only one band, near 1660 cm.“^ unless a phenyl group is 
one of the substituents, in which case the band lies at slightly higher frequencies. All the compounds 
containing a phenyl group show the well-known sharp, even if weak, bands near 1600 and 1600 cm.*^. 
These results are summarised broadly in Table I. The band at the higher frequencies will be called the 
A band, and that at the lower frequency the B band. 


1. Acetanilide. 

2. Aceto-p-toluidide. 

3. Acefo-o-toluidide. 

4. A ceto-p~methoxy anilide, 
6. p-Chloroacetanilide. 

6. p-Bromoacetanilide. 
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Table I. 

Solutions in dioxan. 

Band A. Band B. 

R-CO-NHj 1690 1620 

R*CO*NHAlk 1680 1630 

R’CO-NRiRj 1650 — 


Fig. 3. 



1. Butyramide. 

2. Hexoamide, 

3. Phenylacetamide, 

4. Benzamide, 

6. Furoamide, 

6. Phenylaceto-tetxt.-amylamide, 

7. Phenylacetocyclohexylamide. 


8. Phenylactto-tert.-hutylamide. 

9. Methyl phenylacetamidoacetatc. 

10. Phenylaceiohenzylamide. 

11. Phenylaceto-xirpropylamide, 

12. Phenylacetomethylamide. 

13. Fi-Hexoylglydne, 

14. Ethyl hippurate. 


The results suggest that the band B only appears when there is at least one hydrogen atom in the 
amide group, and that both the bands A and B are lowered in frequency by substitution of alkyl groups 
on the nitrogen atom. 
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Fig. 2 shows the spectra of some derivatives of acetanilide in dioxan. The main feature with these 
compounds is that the band A lies at about 1700 cm.’*^, distinctly higher than with the AT-alkyl- 
substituted amides. It should be noted that when the group attached to the nitrogen atom is strongly 
electrophilic, the frequency of this band is further raised, and although such increases of 10 — 15 cmr^ 


Fig. 4. 


1 


2 


4 


5 


6 


7 



Solids (nujol paste). 


1. Acetanilide. 

2. "p-Nitroacetanilide. 

3. Aceto--p-toluidide. 

4. -p-Chloroaceianilide. 

5. Pkenylacetanilide. 

6. Phenylacefo-o-toluidide. 

7. Phenylacetamidomeikyl cyanide. 


8. Aceto-o-toluidide. 

9. A ceto--p-methoxy anilide. 

10. p-Bromoacetanilide. 

11. S-Bromoaceto-p-toluidide. 

1 2. ^~Broino-5~nitroaceto-p~foluidide , 

13. Phenylaceto-p-toluidide, 

14. Hippuramide. 


may be regarded as small, they are nevertheless real and regular. Conversely, we should expect 
electrophobic substituents to lower the frequency, and this seems to occur. As regards the band B of 
the acetanilides, although there is some interference in the region 1600 — 1650 cmr^ from bands due to 
the aromatic ring and other substituent groupings, there seems to be a less definite influence of the 
N-substituents upon its position. 
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Solutions in other solvents. Many of the amides have also been measured in chloroform and methanol, 
with particular reference to the position of the band A. The general behaviour found with all amides is 
that the frequency of this band falls in passing along the series dioxan, chloroform, methanol, and is 
illustrated by the examples listed in Table II. 

Table II. 

Frequency (cm.~^) of band A in : 
Dioxan. Chloroform. Methanol. 

Hexoamide 1692 1682 1672 

Phenylaceto-ftfr/.-amylamide 1682 1668 1667 

Aceto-JSTJV-diethylamide 1647 1629 1616 (broad) 


Fig. 5. 



(1) Hexoamide : s. Solid. 1. Cone. soln. in CHCI3. 2. Dil. soln. in CHCI3. 
hS Methyl phenylacetamidoacetate : s. Solid. 1. Liquid at 100 ®. 2. Solution in CHQg, 

(3) Phenylacetomethylamide : s. Solid. 1. Liquid at 66°. 2. Solution in dioxan^ 

Solids. The spectra of a number of solid amides measured as a paste in " Nujol ** in the region of 
6 II are shown in Fig. 3. In Fig. 4, further examples are given of JV-monosubstituted amides in which 
the substituent ^oup has either electron-attracting or electron-repelling character. The simple 
unsubstituted amides show two fairly close bands in the region 1620 — 1670 cm.~^. The JV-alkylamides 
show bands at about 1660 and 1640 cm.“^, whereas the amides with electrophilic N^-substituents have the 
second band — ^the band A mentioned above — at higher frequencies than 1640 cm.~^. The position of 
the band B is variable, as found with the solutions in dioxan. One solid iViV-disubstituted amide, 
namely aceto-jV-methylanilide, was examined and the position of the band A was hardly affected in 
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passing from solution in dioxan to the solid state. Th^ above resnits are summarised broadly in 
Table in. 

TABI.E in. 

Solids (R «= alkyl, = electrophilic group). 

Approximate position (cm.~i) of bands: 

A. B. 


R'-CO-NHa 1656 1630 

R'-C0*NHR 1640 1660 

R'-CO-NHR, 1660—1680 1630—1570 


Fig. 6. 

3200 3300 3400 3500 cmrK 3200 3300 3400 3500 



s. Solid, 1 . Cone. soln. in CHCI 3 . 2 , DiL soln. in CHClj. 


It can be seen that in the solid state the unsubstituted amides show the A band at about 1666 
and the AT-alkyl-substituted amides at about 1640 in both cases a noticeable decrease from the 

values found (Table I) for the solutions in dioxan. With the iVAT-disubstituted amides, either liquid 
or solid, there is little change in the frequency of this band on passing from the liquid or solid to the 
solution, although the band may broaden. With the solid A/-alkylamides a fairly strong band appears 
at about 1660 cm.“^, corresponding to that at 1630 emr^ with solutions in dioxan. 

The increase in frequency of the A band of the solids when the N-substituent is electrophilic is parallel 
to the change found with the solutions. It may also be noted that when this band is raised in frequency 
by the electrophilic substituent, the band normally at 1660 cm.~^ is generally lowered. Finally, the 
relative intensity of the bands A and B appears to alter with the .change of state, the latter usually 
becoming stronger with the solid. 

Gradual Transitions from Solid or Liquid to Dilute Solution , — Several examples have been examined 
of the changes associated with the transition from the solid or liquid amide to a very dilute solution, 
through intermediate concentrations of the solute. Some of the results are shown in Fig. 6 for 
«-hexoamide, phenylacetbmethylamide, and methyl phenylacetamidoacetate in chloroform. Some of 
bands shown are connected with groups with which we are not immediately concerned ; for example, 
that at 1750 cm.”^ due to the carbonyl group of the ester. The main point to notice is that in every case 
the passage from the solid (or liquid) to the dilute solution brings about an increase in tiie frequency of 
the band A and a simultaneous decrease in the frequency of the bond B. Thus with hexoamide. Idle 
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Fig. 7. 




1. Phenylacetomethylamide, 

2. Phenylac^to-t&rt.-hufylamide. 

3. Phenylaceto-'H'^opylamide. 

4. Phmylauto-t&ct,*amylamide, 

5. Phenyhcetocyclohexylamide, 


6 . Phenylacetanilide. 

7. Phenylaceto-o-toluidide, 

8 . Phenylaceto-ip-toluidide, 

9. Phenylacetamidomethyl cyanide, 

10 . Methyl phenylacetamidoacetate. 


s. Solid, 1. Cone, soln, in CHCI 3 . 2. DU, soln, in CHCl,. 


solid has the bands at 1666 and 1685 in concentrated solution they lie at 1668 and 1616 and 

in dilute solution at 1680 and 1696 With methyl phenylacetamidoacetate the solid has bands at 

1642 and 1667 cm.~^ the liquid (at 100®) at 1660 and 1636 cm.-^ and the solution in chloroform at 
1672 and 1617 cm.“^. (The band at about 1760 is due to the carbonyl link in the ester group.) 
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The region of 3 /*. The spectra of many unsubstittited and JST-substituted amides have been measured 
between 3000 and 3600 cmr^ as solids and also as solutions in chloroform. The curves are shown in 
Figs. 6 and 7. With substances containing phenyl radicals, there is usually a band near 3070 cm."*^ 
connected with a vibration of the aromatic C~H linkages, but this is not significant for our present 
purpose. Dilute solutions of the unsubstituted amides appear to have two sharp bands at about 3400 
and 3520 cm,~^, which give place in the solids to two others at about 3180 and 3350 cm.*“^. In 
concentrated solutions all four bands may appear simultaneously. 

In dilute solutions, the iV-monosubstituted amides have one sharp band at about 3430 cm.“^ which 
gives place in the solid to a broader band at about 3270 cm.~^. In concentrated solutions the latter 
band seems to appear at frequencies rather higher than 3270 cm."^ and can be found concurrently with 
the sharp band near 3430 cm.“^. 

In connexion with the possible interpretation of these bands and shifts, we have examined the spectra 
of diphenylamine in dilute solution in carbon tetrachloride and as a solid, and also of solutions of 
diphenylamine to which acetodiethylamide had been added. This experiment is a variant on that 


Fig. 8. 



Diphenylamine and acetodiethylamide. 
s. Solid diphenylamine. 

1. 2 G. diphenylamine + 1 c.c. acetodiethylamide : 25 c.c. CCI 4 . 0*1 mm. thick. 

2 . 2 G. diphenylamine + 1 c.c. acetodiethylamide : 600 c.c. CCI 4 , 2-0 mm. thick. 

3. 2 G. diphenylamine -j- 1 c.c. acetodiethylamide : 6000 c.c. CCI 4 , 2 cm. thick. 

previously described by Buswell, Downing, and Rodebush {loc, cit.) . The results are depicted in Fig. 8 . 
It can be seen that the dilute solution of diphenylamine has the N-H stretching vibration band at 
3430 cm.“^, but in the solid state this is replac^ by the broader association band at 3380 cm.“^. Similar 

N~H N association has been recorded with ethyleneimine (Thompson and Harris, 1944, 301). 

When the acetodiethylamide ife added to the solution of diphenylamine, the band at 3430 cm.“i is 
diminished in intensity and a new band appears at 3320 cmr^. This change corresponds to the formation 

of N-H O bridges. As the mixture of diphenylamine and acetodiethylamide is diluted, the 

association band at 3320 cmr^ is much diminished whilst the normal N~H frequency at 3430 cm.'^ is 
strengthened. This phenomenon is markedly parallel to that seen in Fig. 7 for the /V-substituted amides. 

Discussion. 

The results described above show that the ^vibration frequencies exhibited by amides are 
much affected by the change of state from solid to solution. It will be convenient first to 
consider the spectra of solutions before discussing the shifts which occur on passing to the solids. 

As already stated, a simple iST-monosubstituted amide could exist as either the ketonic (I) 
or the enolic (II) form, each of these being capable of hybridisation with its corresponding 
dipolar structure, (III) and (IV), respectively. The band A of W-disubstitutcd amides which 
occurs at about 1650 cm.-^ must be attributed to the stretching vibration of the C=0 bond, since 
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no enolisation of the conventional type can occur. The lower value as compared with that in 
ketones — about 1710 cm.-^^ — ^will result from the resonance with the ionic form. In the case of 
the simple or ^-monosubstituted amides the band A could be interpreted in the same way. In 
this case, however, enolisation would lead to some form of link, and it is well known from 
the Raman spectra of ketoximes that this can give rise to a band in the region 1660 — 1660 cm.“^ 
(Hibben, The Raman Effect,*' p. 280). Now the above measurements with the amides having 
a strongly electrophilic N-substituent provide an argument against this correlation of the band A 
wath the vibration of a bond, as follows. If the amide has the ketonic form, the presence 
of strongly electrophilic groups on the nitrogen atom should cause the dipolar form (III) to be 
less stable relative to the non-polar form (I). Alternatively, the electron-attracting groups can 
be regarded as opposing the conjugation from the nitrogen atom to the carbonyl group, as in 


(V.) 






(VI.) 


(V). In these circumstances the carbonyl group will be expected to have greater double-bond 
character, and a rather higher stretching-vibration frequency, which is in fact found. If the 
molecule existed in the enolic form, however, the converse would apply. An electrophilic 
substituent on the nitrogen atom would then favour the dipolar form, shown by (VI), and the 
double-bond character of the C^N bond would be lowered. 

It therefore seems satisfactory to attribute the band A in the amides as a whole to the 
stretching vibration of the essentially ketonic carbonyl group. In connexion with these 
arguments it is interesting to consider the effect of JV-alkyl substituents upon the frequency of 
the band A. The results of Table I and Fig. 1 suggest, that these groups have an opposite effect 
to those groups which are known to be electron-attracting. Now, alkyl groups are known to 
be readily polarisable (Ingold, Chem. Reviews, 1934, 15, 238), that is, they can provide or accept 
electrons according to the particular group to which they are attached. This is well illustrated 
by the values for the dipole moments of some simple compounds quoted by Watson (“ Modem 
Theories of Organic Chemistry," 2nd edition, p. 93), and listed in Table IV. It is possible. 


Table IV. 


Dipole moments of compounds RX. 



R/X = 

Cl. 

Br. 

I. 

CN. 

NOa. 

OH. 

H 


103 

0-78 

0-38 

2-93 



1-84 

CH, .. 


1-87 

1-80 

1-64 

3-94 

3-64 

1-69 

C..H, 


205 

201 

1-87 

404 

3-68 

1-69 


therefore, that in the alkyl-substituted amides the fractional positive charge on the nitrogen 
atom is shared by the alkyl group. In other words, the energy of the charge separation in (VII) 


0 

/O 


^ Wn— A ik. 






OH /O-H NH. 

R— C< ^C— R 

NH ^NH H— CK 


(VII.) 


(VIII.) 


(IX.) 


(X.) 


is lower than in (VIII). In that case, the relative contribution of (VII) to the hybrid will be 
greater than that of (VIII), so that the carbonyl group will have less doulDle-bond character and 
a lower vibration frequency in the alkyl derivatives. 

The interpretation of the band B found between 1520 and 1630 cm.“^ with the unsubstituted 
and N-monosubstituted amides is more difficult. It might be explained in four ways, namely, 
(i) as the stretching vibration of the C-N link in a ketonic form, if this bond has acquired 
considerable double-bond character due to resonance with the dipolar form ; (ii) as the stretching 
vibration of the C^N link in an enolic form, reduced in frequency by resonance with its dipolar 
structure; (iii) as a bending frequency of the N~H link; or (iv) as an overtone or combination 
band. As already explained, the band is not observed with disubstituted amides where there 
will certainly be contributions from the dipolar form. Also, the degree of double-bond 
character required to produce such a high frequency seems much greater than is plausible 
from the molecular bond lengths found in some solid amides such as acetamide (Sent! and 
Harker, loc. ciU). These arguments make the first interpretation improbable. 
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The asstg^iment of Ihe band B to the link of an enolic form would imply the simultaneous 

existence of both ketonic and enolic forms both in solution and in the solid state. The iT^iay 
measttmnents have shown, however, that in; ihe solid state only the ketcmic form is present. 
Further, in no ewe is the shift produced by the substitution of an electron-attracting group by 
an alkyl group consistent with this interpretation. Also, the band B increases in frequency on 
passing from the solution to the solid. This is contrary to what would be expected if this 
change were accompanied by the formation of bridged links in passing from (IX) to (X), 

Finally, if an amide were to exist as a mixture of the ketonic and the enolic form, samples 
from different sources and recrystallised from different solvents would be expected to show 
different proportions of the two forms. In no case have such variations been detected. 

The possibility that the band B is due to an overtone cannot be ruled out, but it is improbable. 
The band varies in intensity in different compounds, but with the iV-monosubstituted derivatives 
it is usually stronger than might be expected for an3rthmg but a fundamental. Experiments 
with deuterated compounds might help to settle this question. 

The third possibility seems to us the most reasonable. It explains the absence of the band 
in the disubstituted amides, and the shift of the band B in passing from the solid to solution — 
namely, a decrease in frequency — agrees with that expected of a bending mode of the N~H 
link if the latter takes part in hydrogen bridges in the solid state. The difference between the 
band B in unsubstituted amides on the one hand, and iST-monosubstituted amides on the other, 
con be explained by interaction between the two N-H bonds in the former case. Hence, it 
seems that in dilute solution in dioxan, file amides exist predominantly in the ketonic form. 

The results of Table II illustrate the effect of solvent on the stretching frequency of the 
carbonyl group. This may be due to tyro causes, namely, the difference in dielectric constant 
of the medium, or the effect of hydrogen bonding from the solvent to the carbonyl group of the 
amide. The energy of the charge separation in (VII) or (VIII) might be lowered by an increase 
in the dielectric constant of the medium, and Ihe stretching frequency of the carbonyl group 
would then be expected to lie at lower values than in a medium of low dielectric constant. In 
methyl cyanide, however (s « 37*5), the frequency of the carbonyl group is substantially the 
same as in dioxan (e ^ 2*2), so this influence of dielectric constant cannot be very signiffcant. 
On the other hand, solvation by hydrogen bonding to a carbonyl group lowers the frequency of 
the latter. With acetone in carbon tetrachloride solution, it lies at 1710 cm."*^, but in methyl 
alcohol at 1701 cm.“^. It is therefore possible that the changes shown in Table II are caused by 
a change in hydrogen bonding from the solvent to the carbonyl group. 

In the solid state, the stretching frequency of the carbonyl group in an unsubstituted or 
iV-monosubstituted amide lies at a much lower value than in dilute solution in dioxan, whilst 
the band B lies at higher values. Our own measurements, and those of Gordy (/. Chem, Physics, 
1939, 7, 163) show, as just outlined, that the frequency of the carbonyl group is reduced by 
hydrogen bonding. Since the .X’-ray measurements indicate that acetamide exists in a 


R— c/ 

\N— H- 




-H— Ov 


H (XI.) 


(XII.) 


polymeric form (XI), it is, evident that the bonding will lower the frequency of the carbonyl 
group. Moreover, in such polymers, the strength of the hydrogen bridges will be increased by 
the presence of a greater positive charge on the nitrogen atom, or a greater negative charge on 
the oxygen atom, and therefore by an increase in the contribution of the dipolar structure to 
the hybrid. It follows that in the associated form of the amides the carbonyl link will have a 
smaller double-bond character than in the unassociated form, and hence a lower frequency of 
vibration. The iSTAT-disubstituted amides, which cannot undergo such association, show no 
such shifts of the frequency with change of state. 

That this association has a powerful effect on the stretching vibration frequency of the 
carbonyl group is further borne out by our measurements on acetic acid and phenylacetic acid 
in the liquid and in the solid state, where the substances are known to exist as dimers of the type 
(XII). With liquid acetic acid the band lies at 1712 cm."', and with solid phenylacetic acid 
there is a double band at 1704 — 1692 cm.**'. A dilute solution of acetic acid in dioxan, however, 
shows bands at 1730 and 1763 cm."', which may correspond to the dimeric and the monomeric 
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form* Herman and Hofstadter (/. Chem^ Physics, 1939, 7, 460) have similarly shown that in the 
vapour state the frequencies of ^e carbonyl group in dimeric and monomeric aliphatic acids lie 
at about 1740 and 1770 cm.*"‘, so the shift is about 30 cm.-^. In dioxan, phenylacetic acid shows 
one sharp band at 1736 cmr^, and the shift in passing from the dimer to the monomer is therefore 
closely parallel to that found with amides in passing from solutions in dioxan to the solid 
state. 

If this interpretation of the shift is correct, we might expect that in concentrated solutions 
of the amides, the co-existence of both unassociated and associated forms might give rise to two 
frequencies of the carbonyl group, and there is some evidence to support this. The curves of 
Fig. 6 show that the band due to the carbonyl group is broad with concentrated solutions of 
hexoamide and phenylaceto-Z^y/.-butylamide, and there are signs of a double band. Dilute 
solutions of hexoamide in chloroform show three bands at 1595 (strong), 1616 (weak), and 
1678 (strong and sharp), whereas with concentrated solutions the bands are at 1595 (weak), 
1616 (strong), and 1668 (strong and broad). This suggests that in concentrated solutions the 
dimers giving rise to 1616, 1668 predominate, whilst in dilute solutions the monomer (1695, 1678) 
is in excess. Two amides were examined as liquids at temperatures above their melting point, 
and the bands A and B were displaced to positions intermediate between those found for the 
solids and for the solutions, and were also broad suggesting the presence of more than one 
species. 

To sum up, therefore, the bands in the region 6 — 7 (x suggest that amides have the ketonic 
structure, resonating with its corresponding dipolar form. In dilute solution in dioxan and 
chloroform the amides appear to be monomeric, but in more concentrated solutions in chloroform, 
and in the liquid state, association occurs. In the solid state this association is complete. 

In the region of 3 (x we should expect to find absorption bands due to the stretching vibration 
of N-H links, and of 0“H links if present. In dilute solutions, the unsubstituted amides show 
sharp bands at about 3400 cm.*"^ and 3520 cm.”^, which might at once be correlated with the 
symmetrical and antisymmetrical vibrations of the NHg group in an unassociated form. On the 
other hand, the band at 3620 cm.“^ might be assigned to the 0-H link of an enolic form. 
However, the frequency due to the unassociated hydroxyl link in a large number of alcohols and 
phenols lies between 3610 and 3680 cm.“^, and with fatty acids at about 3550 cm.“^. We might 
therefore expect the unassociated hydroxyl band in an enolized amide to lie at about 3600 cm.“^. 
Only in the case of trichloroacetic acid (Buswell, Rodebush, and Roy, /. Amer, Chem. Soc,, 
1938, 60 , 2239) does this band lie at a frequency as low as 3620 cm.“^, and in this case the 0~H 
link must certainly be weaker than in the amide. Hence it is unlikely that the amide band at 
3520 cm."^ could be due to the hydroxyl group, and the explanation given at the start is to be 
preferred. 

In very dilute solution, the JV-monosubstituted amides show one band at 3420 — 3440 cm.*”^. 
This low value cannot possibly be due to an enolic O-H group, and lies as expected between the 
two frequencies of the unsubstituted amides. iViV-Disubstituted amides show no absorption in 
this region. 

In the solid state, the unsubstituted amides have strong bands at about 3180 and 3350 cm.~^, 
which are plausibly interpreted as being due to two bonded N-H groups of a polymeric complex 
such as was indicated above. In the concentrated solutions, illustrated for hexoamide in Fig. 6, 
both the association bands at 3180, 3360 cm.'^, and the unassociated N-H bands at 3400, 3620 
cm.”^ appear simultaneously. 

iV-Monosubstituted amides have one band only in the solid state, at 3270 cm.“^, which again 
corresponds to a bonded N-H group. Here too, in concentrated solutions, both the association 
band and the normal ” band at 3430 cm.“^ are simultaneously present. In these cases the 
association band appears to shift gradually towards higher frequencies and has a diminishing 
intensity as the dilution is increased, which would imply some gradual weakening of the bonding 
strength. 

This interpretation of the bands of A^-monosubstituted amides near 3 {x is supported by the 
measurements already described with diphenylamine and acetodiethylamide. These showed 
that the unbonded N~H link in diphenylamine has a frequency of 3430 cm.~^, and the strongly 

bonded N~*H O group hats a frequency of 3320 cm.~^. These values fall exactly into line 

with those for the unsubstituted amides. 

It seems, therefore, that the spectroscopic data in both the regions, 3 (x and 6 p, indicate the 

existence of the amides in the ketonic form, which associates through N-H O bonds in 

concentrated solutions, in the liquids and in the solids. This preliminary survey will be useful 
in our later consideration of the more complex amides, amino-acids, and peptides. 
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238 . Vibrational Spectra of Phenolic Derivatives and Phenolic Resins. 

By R. E. ^CHARDS and H. W. Thompson. 

The vibrational spectra of some substituted phenols and related compounds, and of some 
resins formed from phenols and aldehydes, have been examined. The possibility of formulat- 
ing correlation rules for use in determining structural features of the resins has been explored. 
B'rom the bands observed in the region 700 — 900 cm,“^ it may be possible to infer the type of sub- 
stitution around the aromatic nuclei in these complex molecules. The absorption of hydroxyl 
groups in the region 3200 — 3660 cm.~^ reveals difierences in the types of hydrogen bonds in the 
different compounds and suggests that differences between resins made from the same 
materials may be related to this particular structural feature. Some of the compounds have 
been measured both as solids and as liquids and spectral differences in the two states of 
aggregation have been found* 

Infra-red spectroscopy has recently been used in examining compounds of high molecular 
weight, and some results have emerged which might not have been derivable by other methods 
(Thompson and Torkington, Traws. Faraday Soc., 1945, 41, 246; Proc. Roy, Soc,, 1946, 184, A, 
3, 21). Among other classes of compound we have studied the resins formed by condensation 
of phenols with aldehydes, the aim being to discover more about the mechanism of condensation 
and the nature of cross linkage in these structures. Whilst some empirical spectral differences 
between different resins were of immediate practical interest, it became clear that the only 
satisfactory way of understanding the spectra would be to collect results for a large number of 
structurally related simpler molecules from which closer correlations with molecular structure 
could be made. In the course of this investigation some interesting facts have emerged about 
the association which occurs with these hydroxylic compounds, and the nature of the hydrogen 
bridges which arise. Some of the results are given in the present paper. 

Experimental. 

The spectra between 6 and 16 ft were measured on a single-beam recording spectrometer with rock- 
salt prism (Whiffen and Thompson, 1946, 268). The measured frequencies were accurate to 
±6 cm.”^ at 7 ft, and to ii:2 cm.”^ at 15 ft. Between 2*6 and 6 ft a double-beam recording spectrometer 
was used (see preceding paper). With this spectrometer, the frequencies of bands near 7 ft could be 
determined to ±3 cm.-^, and at 3 ft to ±8 cm.-^ depending upon their breadth. At 3 it was possible 
to resolve bands 20 cm.-^ apart, although when the instrument was used as a single-beam spectrometer 
rather better resolution was possible. 

Solutions in carbon disulphide were measured in rock-salt cells about 0*1 mm. thick. Solutions in 
carbon tetrachloride were studied at 3 ft in rock-salt cells of thickness 2 mm., 3*5 cm., and 7*8 cm., 
according to the dilution being used. Solids were examined either by melting them and allowing them 
to crystallise between a pair of rock-salt plates, or by the method of a paste in paraffin used in the pre- 
ceding paper. Measurements at higher temperatures were made with an electrically heated cell 
(Richards and Thompson, Trans. Faraday Soc., 1946, 41 , 183). 

Many of the phenolic deriyatives were kindly supplied by Messrs. Bakelite Ltd. or by the Chemical 
Laboratory, Teddington. Others were commercial samples purified in this laboratory in the appropriate 
manner. The resins were supplied by Messrs. Bakelite Ltd. and by other firms. 


Results and Discussion. 

Figs, 1 and 2 show the spectra between 700 and 1600 cm.“^ (14 — 6*6 {x) of some phenols, 
aromatic alcohols, and other compounds likely to have a bearing on the stnicture of the resins 
themselves. Each of the spectra is complex, and few correlations are immediately obvious. 
All the compounds show one or more intense bands in the region 700 — 870 cmr\ and these are 
of particular interest since it has previously been found that substituted benzenes have more 
or less characteristic frequencies in this range, according to the number and position of the 
substituents and in great measure independent of their exact nature (Thompson and Torkington, 
loc. cit . ; Whiffen and Thompson, loc. cit.). The normal vibration of benzene in which the group 
of six carbon atoms moves in a rigid plane perpendicularly to the plane containing the six 
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hydrogen atoms has a frequency of 671 Previous results have shown that when the 

substituent is attached to the ring, this type of vibration, which is essentially a deformation of 
the remaining C~H bonds, is displaced to 740 — 760 cm.“^. With disubstituted benzenes, the 
corresponding vibration has a frequency which depends on the relative position of the sub- 
stituents; with o-derivatives it usually lies at 740 — 760 cm.**^, with w-compounds at 770 — 
790 cm.~^ and with ^-compounds at 810 — 830 cmr^. With tri- and tetra-substituted benzenes 
the corresponding deformations of the residual C“H bonds also appear to have fairly definite 
frequencies. The earlier work suggested for the 1:2: 3-derivatives a band at 760 — 770 cm."^ 
for 1:2: 4-compounds a band at 800 — 820 cm.~^, and for 1:3: 6-compounds at 826 — 860 
cm.“^. With the 1 : 2 : 3 : 6- or 1:2:4: 6-compounds the band lies in the region 860 — 880 
cm."*^. 

The present results appear in most cases to conform with these correlations. Thus, mono- 
substituted benzenes include : 


Benzyl alcohol 745 Diphenyl ether 762 cm.-^ 

j^-Phenylethyl alcohol 748 ,, Diphenylmethane 735 „ 

Dibenzyl ether 746 ,, 

Typical disubstituted benzenes include the following : 


ortho-. 

Fluorene 

Diphenylene oxide 

2 : 4'-Dihydroxydiphenylmethane 
2 : 2'-Dihydroxydiphenylmethane 


para-. 

741 cm.-^ 4 : 4'-Dihydroxydiphenylmethane 

750 ,, 2 : 4'-Dihydroxydiphenylme thane 

752 ,, 4 : 4'-Dihydroxy diphenylmethane 

754 „ 


816 cm.-i 
810 „ 
827 „ 


Some compounds show simultaneously the mono- and di-substituted type, such as 


Mono. o-Di. ^-Di. 

^-Hydroxydiphenyl 755 — 830 

0- „ 730 754 

Polysubstituted benzenes include the following : 

3-Hydroxymethyl-/>-cresol (1:2:4) 815 cm.~^ 

3 ; 5-Bishydroxyinethyl-p-cresol (1 : 2 : 3 : 5) 864 ,, 

5-Hydroxymethyl-o-4-xylenol (1 : 2 : 4 : 5) ... 856 ,, 


It is clear, therefore, that these correlation rules are fairly widely applicable, although it is 
obvious that since there are small variations within a given class there may in some cases be 
ambiguity and the rules must be used with caution. Also, whilst the correlations do not seem 
to be seriously affected by a change of state of the substance being measured, this possibility 
must not be excluded. 

It is impossible to assign the bands between 1000 and 1500 cm.-^ to particular normal modes, 
although this region will include vibrations of the groups C”0--C,C“0'-H,CH2, and CHg, as well 
as of the skeleton of the aromatic rings. It is, however, apparent that in these cases the exact 
position of a particular band depends upon the environment of the group within the molecule. 
It is hoped shortly to explore this region in greater detail under higher resolving power. 

Some of the substances given in Figs. 1 and 2 were measured in the solid and in the liquid 
state, or in solution. In some cases there are striking changes of spectrum with change of 
state, which have been noted already in other connexions (Thompson and Torkington, Trans. 
Faraday Soc., 1946, 41, 260; Thompson, Nature, 1946, 158, 234). In order to eliminate the 
possibility of decomposition on melting, the procedure was to measure the spectrum of the 
liquid first, then to allow it to crystallise between the rock-salt plates, and then to measure the 
solid film again. The spectrum of this solid film was also compared with that obtained by 
measuring the paste formed by grinding with paraffin. The spectrum of the monoalcohol of 
m-4-xylenol was measured at 100° and 260°, but showed no appreciable change, and other liquids 
showed no change of spectrum with temperature. It seems certain, therefore, that the marked 
changes of spectrum at the melting point must be connected with fresh influences which come 
into play in the arrangement of the molecules in the solid. The spectra of the solids usually 
show sharper bands than those of the liquids, and new bands appear which are absent with the 
latter. This whole problem is being examined more systematically, and a detailed consideration 
of the physical principles involved will therefore be deferred. 

In Fig. 3 (Nos. 1, 2, 3, 4, 6) the spectra around 3 (ji are shown of some simple ^-substituted 
phenols in the solid state, and of dilute solutions in carbon tetrachloride. In the dilute solutions 
the normal sharp band of the hydroxyl group occurs at 3615 cm.~^. With the solids, this band 
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Fio. 1. 



1 . Benzyl alcohol (liquid). 6 . Diphenyl ether (in carbon disulphide), 

2. fi-Phenylethyl alcohol (liquid), 1, Dwenzyl ether (liquid), 

3 . Diphenylmethane (liquid) . 8 . 4 ; 4/-Dihydroxy^fhenylmethane (solid), 

4 . Ftuorene (in carbon disulphide), 9 . 2 : 2*-Dihydroxyd%phenylmethane (solid), 

5. Diphenylene oxide (in carbon disulphide), 10 . 2 : 2*~pihydroxydiphenylmethme {liquid), 

is replaced by a broader band with centre at 3200 — 3260 cm.*^, corresponding to the bonded '' 
hydroxyl group. With concentrated solutions, both the normal and the association ” band 
may appear simultaneously. These relationships correspond to those already examined by 
Fox and Martin, and others. 
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Wben there is a substitaent in the o-position to the hydroxyl group (Fig. 4, Nos.' 1, 2. 3, 4) 
the position of the '' normal hydroxyl group band in dilute solution is again at about 3615 
but the association band with the solids lies at rather higher frequencies than in the 
above cases of the simple ^-substituted phenols. This implies that the screening of the hydroxyl 


Fig. 2. 



1. 2 : if^Dihydroxydiphenylmethane (solid), 6. 3 : 5-Bishydroxymethyl-p-cresol (solid), 

2. 2 : 4*^XHhydroxydiphonylmethane {liquid). 7. ^-Hydvoxymeihyl-oArxyUnol (solid). 

3. 4 : it'-^Dikydroxy-aa-^iphonylethane (solid). 8. ^HydroxymethyUo-A-xylenol (liquid). 

4 . ^Hydroxymeihyl-p-cresol (solid). 9. 2-Hydroxydiphenyl (solid). 

6 . Z-Iiydroxymethyl-p-crtsol (liquid). 10 , 4rHydroxydipkenyl (solid). 
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group by the neighbouring groups decreases the strength of the hydrogen bridges which may 
be formed, With diphenylcarbinol and triphenylcarbinol (Fig. 4, Nos. 7, 8) this steric influence 
is well marked. In these connexions o*hydroxydiphenyl appears to be an exception, and will 
be discussed below. 

When there are two hydroxyl groups in the molecule (Fig. 3, Nos. 6 — 10; Fig. 4, Nos! 6, 
0—16) the dilute solutions again show the ** normal ** hydroxyl band at about 3616 cm.-^^, but 
in the solid state a given compound may simultaneously show several ** association ** bands. 
When there are two neighbouring hydroxyl groups (Fig. 4, Nos. 9—16) the dilute solutions 


Fig. 3. 


3200 

3400 

i 

3600 

1 1 1 

cm: 


. 3200 

I 

3400 3600 

1 LJ L i 



1 


1 

)H 

) 

oh-Q^^zO-oh 

■ 

1 


/'"'V 

/ 

H 

1 

1 

( 

( 

( 

DH 

) 

:mc3 

oh-OchOoh 

CH3 

■ 

■ 

A 

/■\ 

! \ 

1 

0 

/ 

/ 


1 

1 

C 

( 

( 

)H 

) 

:H2*CMe3 

CHj 

OH-O-CH^-OH 

tea 

i 

■ 

A 


■ 

1 

1 

' c 

( 

CHr< 

< 

)H 

) 

?-CHj 

lH2'CMe3 

OH-QCHat) 

■ 

■ 

W 

s 

■ 

J 

1 

( 

ch/ 

( 

DH 

OH 

CHj-OH 

■ 

1 

'j[ 

— r— ^ 

3200 

1 1 

3400 

1 1 1 

3600 

cm: 

C/77.-f 

3^00 

3400 

sioo 


1. Phenol. 

2. p-teTt.^Butyiphenol. 

3. p-tert.^Amylphenol. 

4. p-tert.-Octyiphenol. 

5. s.-Hemimelltienol. 


6. 4 : 4t'-Dihydroxydiphenylmethane. 

7. 4 : 4'-Dihydroxy-aa-diphenylethane. 

8. 4 : i'-Dikydfoxy-Bfi-dtphenyipropane. 

9. 2 : ii'-Dihydfoxydiphenylmetnane, 

10. 5’-HydroxymethyU^-Z-xylenol, 


■ solid, 

solution in CCl*. 


show, in addition to the normal hydroxyl band, another fairly sharp band at about 3450 cm.“^ 
which generally persists in the solid state. This band is sharper than the customary “ associa- 
tion ** bands, but behaves as if it were due to internal hydrogen bonding not markedly affected 
by dilution. Just as with o-hydroxydiphenyl already mentioned, so, too, 2 : 2'-dihydroxy- 
diphenyl appears to be anomalous. 

In the case of o-hydroxydiphenyl, a dilute solution shows the main hydroxyl band at 3690 
cm.-^, although there is a weak shoulder in the usual position at about 3610 cm.”^. In the solid 
a close doublet appears at 3660 cm.”^. Reference to a scale model of the molecule suggests 
that the size of the OH group is such that the planes of the two aromatic rings may be slightly^ 
oblique to each other. In any case, however, the distance between the oxygen atom and the 
2'-carbon atom is within the value which would allow of a hydrogen bond being formed of the 
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Fig. 4. 
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2. o-Ethylphenol, 

3. MesitoL 

4. m-2-Xylenol, 

5. 2~Hydroxydiphenyl, 

6. 2 : 2*-Dihydroxy diphenyl. 

7. Benzhydrol. 

8. Triphenylcarhinol. 


9. o-Hydroxyhenzyl alcohol. 

10. 2-HydYoxymethyl--p-cresol, 

1 1 . ^-Hydroxymethyl-o^^^xylenol. 

12. 3 : b'BishydroxymethyUp-cresol. 

13. 2 : Q-Bishydroxymethyl-p-tovt.-buiylphenol. 

14. 2 : 2'-Dihydroxydiphenylmethane. 

15. 2 : 2'-Dihydroxy^B : ^^-aimethyldiphenylmethane. 

16. 2 ; 2'-Dihydroxy-5 : B'-di-tert.-buiyldtphenylmelhane. 


solid, 

solution in CCI4. 
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type -0-H C-. In this paxticulau: case the formation of such a bond might be assisted by 

the fractional charge which the 2'-carbon atoms may acquire owing to electronic displacements 
depicted in (I). The formation of ~C-H O’- bridges has been established by infra-red and 



other methods (e.g., Gordy, /. Chem, Physics, 1940, 8, 170; 1941, 9, 204, 216; Amer, Chem, 
Soc», 1938, 60, 605; 1941, 68, 1094; Busweli, Rodebush and Roy, ibid,, 1938, 60, 262), and it 

is not unreasonable to expect “0~H 0-“ bonds in favourable circumstances. If there is 

internal bonding of this kind, it is not surprising to find only a small shift of the absorption 
band on passing from the solution to the solid. In this connexion, too, it is worth noting that 
o-hydroxydiphenyl melts at a much lower temperature than its ^-isomer. 

2 ; 2'-Dihydroxydiphenyl in dilute solutions shows some similarities to o-hydroxydiphenyl. 
It may be noted that the strong band at 3660 cm.-^ is due to internal bonding of the type ' 
-0“H— — C-, as in (II), the broad band at 3610 cm.-^ to some unassociated hydroxyl groups, 
and the weak band at 3470 cm.~^ to bonded hydroxyl group of the type shown in (III). 

With dilute solutions of compounds containing two close hydroxyl groups, two sharp bands 
were found at about 3610 and 3460 cm.“^. The former must be due to free hydroxyl groups 
as in (IV). Internal bonding as in (V) or, (VI) may give rise to the sharp band at 3460 cm.”^ 
which is sometimes hardly affected, or only slightly displaced, on passing to the solid. In 
the solid state there is indication of intermolecular bonding giving broader bands at lower 
frequencies (3200 — 3360 cmr^), as well as the intra-molecular bonding. 



Some exploratory attempts have been made to measure the relative intensities of the bands 
due to the free and the bonded hydroxyl groups at different temperatures, since this should 
lead to a quantitative estimate of the strengths of the hydrogen bonds. The low boiling point 
of carbon tetrachloride makes it an unsuitable solvent, but carbon tetrabromide has been used 
in thickness up to 6 cm, at 3 (x. The spectra of o-hydroxybenzyl alcohol in carbon tetrachloride 
at 20®, and in carbon tetrabromide at 100®, show a profound change in the relative intensities 
of the free and the bonded hydroxyl group bands. It is hoped shortly to extend these measure- 
ments by an improved method. 

Fig. 6 shows the spectra between 700 and 1600 cm.”^ of some resins formed by the condens- 
ation of phenols with formaldehyde or acetaldehyde at various stages of the condensation, and 
there are examples of pairs of resins made from the same starting materials but having different 
physical properties, e.g. (2) and (3) from, />-^cri.-amylphenol and formaldehyde. The samples 
were measured either as solid films made by melting and allowing to solidify between rock salt 
plates, or by grinding to a paste with Nujol.** Undoubtedly a little free phenol must have 
been present in some of the starting materials, and there are signs that small amounts were 
present in the final resins. This must be taken into account in drawing conclusions from the 
measurements. 

Clear differences exist between the spectra of the phenol-formaldehyde resins at different 
stages of condensation. In particular, the two-stage fusible resin differs from the one-stage 
resin in having a stronger band at about 1106 cm.*"^, and weaker absorption between 960 
and 1060 cm.“^. The two-stage infusible resin shows the band at 880 cm.“*^ relatively more 
strongly, and has intense absorption between 900 and 1000 cm.*-^. All the other resins show 
significant differences in the region 900 — 1500 cm."^. For example, (2) and (3), novolacs of 
different melting point made from ^-feri.-amylphenol and* formaldehyde, differ in the region 
1100 — 1300 cm.~^, and the resol (4) has a strong band near 1070 cm.~^ which is probably con- 
nected with the -CHj’OH group. The differences between the spectra of (8) and (9) refiectthe 
different nature of the xylenols us^ in their preparation. 
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The spectral difierenccs in the range 700—900 cmr^ are especially important, since as already 
explained the intense bands in this region may be associated with C~H deformations of different 
kinds of substituted benzene nucleus. In the one-stage phenol-formaldehyde resin the band 

Fig. 5. 
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A. PhenoU-formaldehyde resin, one-stage, 4. ^-tort.’-Amylphenol-formaldehyde, resol. 

B. Phenol-formaldehyde resin, two-stage, fusible. 5. ip-t&it.-Octylphenol-formaldehyde, novolac. 

C. Phenol-formaldehyde resin, two-stage, infusible. 6. "p-t&rt.-Butylphenol-aceialdehyde[ novolac! 

1. p-tert.-Butylphenol-formaldehyde, novolac. 7. •p-a.-Phenylethylphenol-formaldehyde, novolac 

2. p-tGTt.-Amylphenol-formaldehyde, novolac. 8. XyUnoV-formaldehyde, high m.p. novolac. 

3. ^-text.-Amylphenol-forfnaldehyde, high m.p. 9. Xylenol-formaldehyde, novolac. 

novolac. 

at 750 — 760 cm."^ will be due to o-substituted nuclei, and to any residual free phenol. Such 
o-substituted groups will presumably be as in (VII). the end groups of a chain, and the intensity 
of the band suggests that such groups are relatively so numerous that the chain length must be 
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fairly short, siiy 4—8 aromatic nuclei. The weaker band at about 780 cm in the two-stage 
resins is probably due to 1 : 2 : S-substituted rings of the type (VIII). The bands at 816 — 


wxi Kjn 


V/XJL 

ohQm:h.-<2>- 


(VIII.) 


830 cm.-’ probably arise from ^-substituted rings such as (IX), or 1 : 2 : 4-substituted rings such 
as (X). The band at about 880 cm.*^ may be due to tetra-substituted rings such as (XI), and 
it may be noted that in the two-stage infusible resin this band is strengthened, as would arise 
from further cross linking. 


-CHgf ^CH, 


— CH/ 


CH, CH* Ik li 

(X.) (XL) . (XII.) (XIII.) 

Resins (1), (2), (3), (6), and (6) all show strong bands at about 820 and 870 cm.“^. The latter 
can be correlated with tetra-substituted nuclei as in (XII), and the former with 1:2: 4-sub- 
stituted nuclei such as (XIII). With the resol from ^-^^r/.-amylphenol (4), the weak band at 
820 cm.~^ may arise because the end groups are of the type (XIV), rather than (XIII). The 




(XV.) 


resol from />-a-phenylethylphenol is peculiar in having no appreciable band near 820 cm."^ and 
has intense absorption near 750 cm.-^ and 790 cm."’. The latter can be interpreted as arising 
from the monosubstituted phenyl group in (XV), and the strong shoulder at about 790 cm."’ 
from the 1:2: 4-substituted rings. The xylenol resins also differ from the others in this region, 
as might be expected since the nuclei must in this case be either tetra- or penta-substituted] 

These examples serve to illustrate how useful structural correlations can be made, but it 
would be premature to discuss them in greater detail until resins can be examined which have 
been made from purer starting materials and by controlled methods of condensation. 

The resins differ, however, in one other important feature, namely, the position of the band 
near 3 (x due to the stretching vibration of the hydroxyl group. All the solid resins show a more 
or less broad band due to the hydrogen-bonded hydroxyl group, but its exact position varies 
in the different resins between 3200 and 3660 cm."’. Dilute solutions in carbon tetrachloride 
show a weak sharp band at about 3616 cm."’ due to unassociated hydroxyl groups, together 
with the association band found with the solids and lying in about the same position as in the 
latter case. The results are shown in Fig. 6. It is noteworthy that (10) and (11), both novolac 
resins made from ^-ter/.-octylphenol and formaldehyde, have their bonded hydroxyl group 
bands at noticeably different frequencies. 

The results show that in the resins there are hydrogen bridges of varying strengths. In 
some cases, more than one association band appears [e.g., Fig. 6, Nos. (7), (1), and (2)]. This 
might arise from impurities in the starting materials, but is more probably due to different 
t3q>es of hydrogen bond within the same resin. With the exception of the weak band at 3616 
cm."’ in dilute solutions there is a close similarity between the spectra of a solid resin and of its 
solution. This suggests that the majority of the hydrogen bonds may be intramolecular, which 
would agree with the comparatively low melting points of these particular resins, and also with 
the inactivity of their hydroxyl groups towards diazomethane. If this is so, one factor in the 
*' curing ** of the resins might be a change from intra- to inter-molecular association. In the 
final heating intramolecular bonds may be opened, and larger complexes formed by inter- 
molecular association. Whilst such changes may only be one factor in the curing process, 
it might cause a considerable rise of melting point and hardness quite apart from that caused 
by further chemical condensations. The differences in the strengths of the hydrogen bonds 
in the solid novolacs are to some extent paralleled by differences in their physical properties. 
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This was well marked in the resins (10) and (11) shown in Fig. 6. A more exhaustive and 


controlled survey of this (Jliestion is desirable. 


Fig. 6. 

7 . p~a-Phenyleihylphenol~formaldehyde, novolac. 

4 . p‘tert.-Amylphcnol~formaldehyde, resol . 

10 . -p-tcrt.-Octylpkenol-formaldehyde, novolac. 

5 . p-tert.-Octylphenol-formaldekyde, novolac. 

1 1 . ’^-toxt.-Octylphenol-formaldehyde, novolac. 

3 , ]^-tQvt.’-Amylphenol-formaldehydet highm.p. 
novolac. 

2. i^-tert.-Amylphenol~-formaldehyde, novolac. 

1. ^-tevt.-Butylphenol-formaldehyde, novolac. 

solid. 

solution in CCI4. 
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2-CYc\oHexenone$ front 2'-Methyipyridines» By Arthur J. Birch. 

Derivatives of several methyl-2-fyc/ohexenones were required for comparison with those obtained from 
the reduction products of methylanisoles and methyldimethylanilines (J. , 1 944, 430 ; 1 946, 593) . Ketones 
of type (I ; R' = alkyl) have been obtained by the cyclisation of 1 : 6-diketones, but for the formation 
of type (I, R' = H) the more difficulty accessible 1 : 6-keto-aldehydes are necessary (cf. Koetz and 
Steinhorst, Annalen, 1911, 879 . 20). Derivatives of both kinds of dicarbonyl compound have been 
obtained from 1 : 4-dihydropyridines (Shaw, 1937, 300), and it has now been found that reduction 

of 2-methylpyridines with sodium and alcohol in liquid ammonia 
followed by refluxing with acid leads to hydrolysis of the dihydro- 
pyridine and cyclisation with direct formation of the cycloho^onane. 

The 2-methylpyridine (10 g.) was reduced with sodium (5 g.) and 
alcohol (20 c.c.) in ammonia (160 c.c.) (see Birch, J., 1946, 696), water 
(160 c.c.) added, the product isolated by ether extraction, and refluxed 
for 6 hours with sulphuric acid {d 1*84, 16 c.c.) and water (60 c.c.), 
and the solution saturated with ammonium sulphate and extracted with ether. The ether solution 
was dried (K2CO3) and the product distilled. 


O 


R 


R 


(I.) 


R'AnAmc 

(II.) 


Pyridine. 

1>-Methyl- {II; R R' 

2 : 4-Diinethyl- (II ; 

R' = H). 


2 : 6-Dimethyl- 
R' -= Me). 


(TI; 


cycloHexenone. 

= H). 2- (I ; R = R' ==. H), b. p. 164— 

168°, 12%. 

R =- Me, 5-Methyl-2- (II ; R = Me, R' = 

H),» b. p. 179—183°, 15%. 

R - H, 3-Methyl-2- (I ; R = H, R' = 
Me),^ b.p. 194—197°, 17%. 

R = R' 3 : 5-Dimethyl-2. (I ; R == R' = 
Me),® b. p. 205—210°, 30%. 

H. 9*3. Calc, for C^H^oO : C, 76-4; H, 9-1%. 
H, 4*8. CX8H14O4N4 requires C. 53-7; H, 4-8%. 
H, 7-7. Calc, for CgHwONa : C, 67-5 ; H, 7-8%. 
H, 9-1. Calc, for C^HioO: C, 76-4; H, 91%. 
H, 9-5. Calc, for CgHigO: C, 77-5; H, 9-7%. 


Derivatives. 

2 : 4-Dinitrophenylhydrazone, 
m. p. 164—166°. 

2 : ^-Dinitrophenylhydrasone,^ 
m. p. 145 — 146°; semicarb- 
azone,® m.p. 176 — 176°. 

2 : 4-Dinitrophenylhydrazone, 
m. p. 174°; semicarbazone, 
m. p. 200—202°. 

2 ; 4-r)initrophenylhydrazone, 
m. p. 163 — 164°; semicarb- 
azone, m. p. 176 — 177°. 


2:4: 6-Trimethyl- (II ; 

Me). 

1 Found : C. 76-4; 

® Found : C, 63-7 ; 

® Found : C, 67*5; 

* Found: C, 76-1; 

® Found: C, 77-8; 

The yields of cyc/ohexenones are poor, and the method has no advantage over the standard ones for 
their preparation in quantity, except where the alkypyridine is readily available and other methods are 
difficult, e.g., 6-methyl-2-<:yc/(?hexenone from 2 : 4-dimethylpyridine (cf. Koetz and Steinhorst, loc. cit.). 
For the preparation of small amounts of derivatives the method is rapid and convenient. 

This work was carried out during the tenure of an I.C.I. Research Fellowship. — The Dyson Perrins 
Laboratory, Oxford University. [Received. November Idih, 1946.] 
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Address on the Occasion of the Centenary Celebration of the. 
Chemical Society. 

By The President, Professor C. N. Hinshelwood, M.A., Sc.D., D.Sc., F.R.S. 

The observance of anniversaries and centenaries is dictated by a deep-seated instinct. How far 
this in its turn is inspired by a feeling for the magic of numbers and awe at the vast cyclical 
processes of Nature, I do not know, but, however that may be, these recurrent occasions for 
retrospect and prospect are assuredly felt to be significant and moving. 

The character of the thoughts and emotions which they arouse will in some measure depend 
upon the attitude towards history adopted by the participants. To some, history is as a play 
that is ended : to others, as a chart on which they hope to read the future from the past. But 
to everyone, I suppose, the centenary of a scientific society must bring a message of some kind. 

There are few dramas as enthralling as the struggle for the secrets of reluctant Nature, and 
few fields in which the future beckons so insistently as in that of scientific thought. 

We are celebrating the centenary, not of a discovery, not of a person, but of a Society, and 
this circumstance reminds us that thoughts and inventions are in a considerable measure the 
products of particular historical settings. For our purpose, therefore, we cannot reflect upon 
the history of chemistry in the past century in England, or speculate upon its probable future, 
except in relation to the people who made it and are making it, and to the general conditions of 
their lives. 

Not only does the pious memory of our Founders, benefactors, and predecessors (both the 
recognised and the unrecognised great men) bid us consider the human as well as the purely 
intellectual story, but it is doubtful whether any other approach would be more than 
an abstraction witli the limited validity which abstractions have. 

You see what deep philosophical questions are raised by the major theme : the relation of 
the scientific and the humane ; the nature of history and the possibility of extrapolation and 
prediction; piety towards the past, expectations from and duties toward the future. I feel 
called upon to remind you of these themes, even though I cannot possibly do justice to them. 

The Chemical Society was founded in the year 1841. The England in which it came into 
being stood on the threshold of one of its greatest eras of expansion, but no one at the time could 
know of this, and to many the prospect must have appeared sombre and even fuller of 
uncertainties than that which confronts us today. The dislocations caused by the Industrial 
Revolution were all too obvious, but the fruits of progress were still to be gathered. The lot of 
the impoverished manual workers was wretched in the extreme, the scandals of child labour in 
coal mines, potteries, and other industries were coming to light, but the Factory Acts were not 
yet passed, the agitation and distress connected with the Corn Laws coloured the political scene, 
and the demand of workers for a better mode of life expressed itself in the Chartist movement 
and broke forth into riots which to many people suggested that society was on the verge of 
revolution and disruption. 

Queen Victoria was on the throne, but the splendours of her era were yet to be, and the 
great movements of her time would only have been discernible to those of unusual penetration. 
The worst social conditions depicted in the writings of Dickens still prevailed. 

There was nothing in the obvious character of the time to announce a period of intellectual 
flowering, and yet it was just then that many learned societies, including our own, came into 
being. Scientific studies in England were hardly in any clear way the product of their age, and 
sprang more from the learned curiosity of amateurs than from the conscious needs of society. 
There were practically no laboratories for chemical research, and little or no University 
instruction in chemistry. 

The chemical stage was set as follows. In 1841, the time which had elapsed since the 
chemical revolution ” of Lavoisier was almost exactly equal to that from the discovery of 
radioactivity to the present day. Chemistry as a science was then as old as is now the new 
nuclear alchemy upon which we believe the future so largely to depend. It is diflicult today for 
a scientifically educated person to realise how profound was the change of thought which followed 
the publication of the Lavoisier treatise. It represented a complete philosophical re-orientation 
of ideas on the nature of substance. Two Englishmen in very different ways had played parts 
of the first magnitude. Priestley, whose house was wrecked by a mob, had made the discovery 
which opened the way for Lavoisier, and Dalton, living in an obscurity which astonished his 
foreign visitors, had formulated the theory upon which all future development was to depend. 
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Between the time of Dalton and the foundation of the Chemical Society the great forward 
sweep of organic chemistry had begun, but in this the English school had played little part, as 
was explicable in a country which tended to produce a few of the finest flowers of science, art, 
and literature without any very vigorous general growth of leaf and root. At the moment of 
our foundation Dalton was still alive, but Liebig, who visited England at about this time, found 
little in the world of chemistry to inspire him. Yet Faraday was at the height of his powers and 
his great work on the laws of electrolytic action was already accomplished. Its full implications 
were far from obvious to his contemporaries, and indeed the confusions which Avogadro’s paper 
of 1811 might have cleared away still clouded chemistry. On the Continent the great battle 
between the rival interpretations of the structure of organic compounds was at its height. 

At about this time much was being done in England to lay the foundations of physical 
chemistry, not only by Faraday with his work on the liquefaction of gases and on electro- 
chemistry, but also by the original and versatile Thomas Graham, first President of the Chemical 
Society. 

Such was the chemical scene at the time of our foundation. 

Let us now, after the manner of the dramatist, raise the curtain at successive intervals of a 
generation and see what transformations have been brought about. 

1801, twenty years after the foundation, was, as it happens, the year of Prince Albert’s death 
and of the outbreak of the American Civil War. The early dislocations caused by the 
industrial Revolution were now largely righted, the conditions of labour had improved, steam- 
ships and railways were in rapid development, the era of prosperity symbolised by the Great 
Exhibition of 1861 was well launched, and the great intellectual movements of the Victorian age 
were under way. Herbert Spencer’s advocacy of scientific education sought to justify in 
theory what the foundation of the College of Chemistry in 1847, Owens College, Manchester, in 
1861, and the Oxford laboratories in 1861 were gradually implementing in practice. “ The 
Origin of Species ” had appeared in 1859, and the materialist trend of thought was evident, 
(liemistry had seen two decades of steady progress but had been on the whole unshaken by 
revolutionary changes, Cannizzaro’s paper of 1868 had removed one of the major obscurities, 
and Frankland and Kekul6 had placed structural chemistry on a firm foundation. In this 
country Hofmann, Mansfield, Williamson, and Frankland are seen among the outstanding 
figures of the period. Chemistry in England was still mainly the affair of the amateur. Indeed, 
in 1867 the only technical education in Leeds with its quarter of a million inhabitants was 
provided by one teacher who worked in a cellar and held a class in chemistry, receiving a grant 
ot£n a year for the purpose. Nevertheless the Journal of the Chemical Society from its early 
years had attracted contributions from the eminent chemists of the Continent, and the names of 
Liebig and Bunsen are in evidence. 

Another twenty years pass and many momentous changes have occurred. The historical 
background shows political democracy in England in full stride with widened franchise and a 
sweeping increase in general literacy : it shows the decline of agriculture in its most disastrous 
phase, and the British primacy in the manufacturing export trade just about to decline from its 
height. The early signs of major world troubles are already discernible : the rank weeds of 
bureaucracy are breaking through the soil, and since 1870 the world has learnt from Prussia 
that war on the national scale has possibilities hitherto unexploited. The curse of conscription 
already lies on Europe. Disraeli has died, and Karl Marx lives in London. In some respects 
the Victorian age has passed its zenith, and some of the brightest stars have set : Dickens, Mill, 
and Clark Maxwell are gone, and Darwin’s work is over. Although there have been important 
events such as the founding of the Cavendish laboratory in 1871, the position of scientific 
studies in the Universities is still feeble, and even now the great discoveries and inventions 
continue to come from men who are self-taught and have received little formal training. 

Some of the great trends of chemistry are reflected in our Journal. One of the most splendid 
phenomena had been the flowering of the great tree of organic chemistry. ^ To this science the 
contribution of England was honourable but limited. At the time in question the great name 
of Perkin appears currently, first the father, then the son. The science of physical chemistry 
is well launched, and perhaps the papers of Harcourt and Esson on the ” Course of Chemical 
Change ” are among the most characteristic of the contributions from this country. We must 
note the immense clarification which chemistry had by now received from the Periodic Law, 
observing with satisfaction that Newlands had done so much to initiate this by a paper read to 
the Chemical Society in 1866, but with regret that this paper was never published. 

The Journal of the year 1881 is interesting. Boron hydride is described, while experiments 
on the synthesis of ammonia and discussions of absorption spectra show the approach of modern 
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times. But one publication above all shines like a beacon. This is the great Faraday lecture 
of Helmholtz, where for the first time the full implications of Faraday’s laws are revealed and 
the way is opened for the whole modem electronic theory. 

As an example of the delay which may attend the exploitation of valuable discoveries a 
passage in the Presidential Address of Roscoe in this year speaks for itself. " The researches 
of Captain Abney have been continued with conspicuous succcess, and have given birth to a 
discovery of the highest interest and of the greatest possible promise. This is no less than a 
distinct physical test of the existence in organic compounds of the organic radicals, and a means 
of recognising the chemical structure of an organic compound by means of the spectroscope. 
This result, which naturally opens out an entirely new field for investigation, and effects for the 
organic metals that which ordinary high temperature spectrum analysis does for the inorganic 
metals, is accomplished by photographing the absorption spectra of organic compounds in the 
infra-red part of the spectrum. In these invisible portions, characteristic and distinct 
absorption lines and bands occur for each organic radical. . . . This investigation is still in its 
infancy, but one of greater importance to chemists has seldom, if ever, been communicated to 
the Society.” 

The next scene presents a mottled picture of sun and shade. In 1901 the death of Queen 
Victoria symbolised the end of an epoch. It was a time of intellectual and social unrest and 
uncertainty : agriculture had collapsed, industrial struggles had acquired a new bitterness, the 
tide of the new popular journalism was rising in a strong flood, and the administrative machinery 
of the country was elaborated beyond what had ever been known. Some trade prosperity and 
the residues of a romantic imperialism imparted their diverse glamours, and a brilliant Court 
was about to lend an appearance of solidity to an age which the first German War was destined 
to bring to a catastrophic end. 

By this time the health of chemistry in Britain was much more robust, and schools of 
research were gradually coming into being in many of the Universities. Tilden in 1904 told the 
Chemical Society that he considered the science to be flourishing. A glance at the Journal of 
1901 certainly shows a great variety of activities, which range over investigations on alkaloids, 
bacterial actions, optically active nitrogen compounds, absorption spectra, and the synthesis of 
methane. A paper by Lapworth marks the beginning of that detailed interpretation of the 
inner mechanism of reactions which has been one of the great British contributions to organic 
chemistry in the jn'esent century. It is indeed appropriate that the Imraday lecture to be 
given during the present celebrations is devoted to the exposition of this powerful theme. 

Radioactivity had been discovered in 1896 by Becquerel, and in 1902 the first of Rutherford's 
great contributions makes its appearance in the Journal. A measure of the excitement of the 
times is conveyed by the words at the end of the second contribution of Rutherford and Soddy : 

” Nothing can yet be stated of the mechartism of the changes involved, but whatever 
view is ultimately adopted it seems not unreasonable to hope that radioactivity affords the 
means of obtaining information of processes occuning within the chemical atom.” 

The transformation by 1921 was colossal indeed in every aspect of life : profound political 
changes, an unprecedented degree of mechanism, and all the febrile aftermath of what then 
counted as the greatest war in history. People were more conscious than ever before of inter- 
national and economic problems. The scene shifts from a national stage to a world stage. 

The war of 1914 — 1918 had brought profound changes to British chemistry. It has often 
been called the chemist’s war. Unprecedented needs of explosives, chemical warfare agents, 
and other products of industry had forced an improvised expansion, which, by a fortunate 
dispensation of providence, gradually merged into an orderly and continued evolution. In the 
following decade there is a history, which may be followed with a degree of sober satisfaction, 
of the creation of a new chemical industry, of the expansion of University research, of 
the founding of research institutes, and, not least, of the establishment of the most excellent 
relations between industrial and academic chemistry. These are one of the happiest auguries 
for our uncertain future. 

Taking a glance at some of the subjects represented in the Journal of 1921, we find, in the 
first place, papers belonging to the aftermath of the chemist’s war : on explosives and mustard 
gas, and on the sorption of gases : we are reminded of a major revolution in science by Aston’s 
lecture on mass spectra. On the physical side, colloidal electrolytes, heterogeneous catalysis, 
and photochemistry are coming into prominence, and Bronsted’s paper on salt effects typifies 
not only the transition from the older to the newer theories of solution, but also the abiding 
international character of our chemical literature. On the organic side, Perkin’s papers on the 
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alkaloids, harmine and harmaline, belong to the culmination of one great tradition in organic 
chemistry, while a newer tradition, that of stud3dng function as well as structnre and of bringing 
physical ideas into intimate relation with the study of organic substances, is illustrated by 
papers on the influence of substituents on the character of benzene compounds and by a series of 
Ingold’s early papers on questions of reactivity, Vernon’s work on tellurium derivatives reminds 
us of the contributions which this country has made to stereochemical problems, especially 
through the researches of Mills, past President of the Chemical Society. 

If we pursue our theatrical fancy to the end and raise the curtain for a last time on the actual 
centenary date of 1941, it discloses a scene of chaos and destruction. Two decades of fruitful 
progress seem to have been brought to a tragic end. In some ways the two decades had been 
among the most i>roductive that chemistry had known. The constitution of natural products 
had been brilliantly revealed, and in this connexion the names of two Presidents of the Society — 
Haworth and Robinson — are outstanding. Modem theories of valency had brought an immense 
clarification into the whole system of inorganic chemistry : the subtleties of organic behaviour 
had been ptuietrated, and the intimate mechanism of chemical changes in general stood largely 
revealed. There had been a powerful cross-fertilisation of chemistry with physics and 
mathematics. And on the human side the developments were no less vigorous : vastly 
increased support of research in the Universities, a flood tide of advance in the chemical industry, 
and, not least, the growth of co-operation between the centres of pure science on the one hand 
and the great industries on the other, which was of incalculable significance. 

As I have remarked, the way in which all this is assessed depends upon a philosophical 
attitude. One view of history sees the course of human affairs as a chaotic sequence of accidents, 
the results of unpredictable and indeed often unknowable contingencies : the other sees an 
orderly and inevitable flow of events in well-marked channels. In that great work War and 
Peace ” Tolstoy defends and illustrates the second thesis, discounting the influence of great 
men, and maintaining passionately that the fate of nations evolves naturally out of their 
essential nature. 

All men of science are familiar with those controversies in which the arguments on both 
sides seem unanswerable : and they know that in tlie end the contending parties are realised to 
have seen not truth and falsehood but two aspects of a larger whole. A scientific analogy helps 
to resolve the conflict about the nature of history. 

The evolution of material systems is governed both by those thermodynamic factors which 
determine equilibria and define the extent and direction of possible changes, and, differently but 
equally powerfully, by the kinetic factors which determine when and where the changes are 
initiated and with what speed they progress. The former depend upon average conditions such 
as temperature and pressure, the latter upon chance fluctuations of energy, highly localised and 
intense departures from the average. Without these exceptional events the system remains 
inert. But on the other hand, no fluctuation, hov/ever violent, causes its evolution in a direction 
different from that required by the thermodynamic state. So it may well be in affairs : the 
exceptional event, the rise of the great man of thought or action, determines time and location, 
but, for the exceptional to take effect, the average must be in a condition to respond. 

In the survey of the century, therefore, one may try to discern the essential trends, to which 
great events and personalities are related more as occasions than as causes. 

As far as chemistry is concerned the history of at any rate the first half of the century has 
been very much the affair of the individual. The great names — Davy, Faraday, Dalton, 
Graham, Newlands, Frankland, Perkin — do not seem to bear any special relation to their 
environment, and might seem to support the purely sporadic view of history. And yet certain 
general currents are discernible in the contribution from this country. Perhaps one of the 
deepest and strongest has been the evolution based upon an intuitive sense of the electrical 
nature of matter. By much more than a play of fancy a genealogy can be traced, through Davy 
who found the key to the phenomena of polar combination, Faraday, Crookes whose instinct 
guided him to the study of “ radiant matter”, Townsend and J. J. Thofnson who infuse new 
blood from physics, to the modern schools of Lapworth, Robinson, and Ingold, who have carried 
the electrical conception into the subtlest regions of organic chemistry. Nor should I omit in 
this connexion to mention the scholarly studies of Sidgwick, another past President of the 
Society, which have done so much to clarify the vast field of inorganic chemistry. This line will 
almost certainly continue, but how, or where, is as indeterminate as the position of a single 
electron in an atom. 

A collateral line is formed by those who, speculating on the nature of matter, were vouchsafed 
a glimpse of a promised land into which they did not enter fully — Prout, Newlands, Crookes. 
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The final conquest of that land came only when the armies of physics and of chemistry joined 
forces in the victorious advance of Rutherford and Soddy, Rayleigh and Ramsay, J. J. Thomson, 
Aston and Moseley. 

In contrast with the imaginative quality of these men, another of our strongest traditions 
has been that of empirical observation, unguided by much in the way of theory. This has 
expressed and illustrated both a national strength and a national weakness. From the days of 
Priestley onwards, it has led to factual discoveries of the first importance, and produced 
experimenters second to none in such men as Dewar, Dixon, and Bone, but it has not created 
schools, and its positive achievements have occasionally been lessened by a mistrust of theory 
so healthy as almost to discourage understanding. But the impact of the two opposing schools 
has been unquestionably fruitful, and has sometimes added to the gaiety of nations. 

Other recurrent themes can be traced throughout the century : on the one hand a sense of 
the mystery and wonder of chemical change, and on the other a joy in precise measurement for 
its own sake — two contrasted but equally important motives in the development of physical 
chemistry, which reflect the blend of the romantic and the practical in the make-up of so many 
Englishmen. Afflnities could be traced throughout the period, as between the work of Graham 
and that of Berkeley and Hartley, or between the spirit of Harcourt and Esson and that of 
various modem schools. And yet, the purely personal character of much of the great work 
could equally well be illustrated by innumerable examples, such as Perkin’s famous discovery 
of mauve, Dewar’s observations on specific heats at low temperatures, or Crookes’s studies of 
the rare earths. 

The truth is, I think, that the more easily distinguishable threads have been woven more by 
what is common in the intellectual make-up of the people, than by a direct and conscious 
tradition. There are men who, placed in almost any circumstances, will mould them to 
something great, and it is such men predominantly whom we have to commemorate, at any 
rate in all but the last two decades of the century. The breeding of such men is not likely to 
change in any rapid way, but the nature of the society into which they are born is changing 
before our eyes. 

One of the unmistakable trends of the j)ast century has been the successive decline of 
different aspects of individualism : the independent craftsman, the aristocratic politician, the 
empire-building explorer all departed from the scene. In science a similar trend has been 
visible though at a lag of several decades. At the time of our foundation the stage is dominated 
by the amateur, whether a Cavendish or a Faraday : later the individual is more and more 
frequently dependent upon the University or technical college, small and independent but none 
the less a community. Then the great research associations appear and the State subsidy 
becomes indispensable. Two great wars intensified and accelerated the collective process in the 
world of science until today we are faced with the problems presented by vast industrial 
research laboratories and by state enterprises undertaking work which is inconceivable without 
the co-ordinated efforts of hundreds of men of science The great question is ; what is to be the 
fate of the individual in the world which has emerged ? 

In this matter something of an ideological battle has been engaged, and since the question is 
one of moment for the future of an independent scientific society, 1 propose to say a little about 
it, in as objective a manner as possible. 

May I, for this purpose, introduce an analogy between human affairs and certain scientific 
laws ? The particles composing matter are endowed with individual motions which would lead 
to complete chaos but for attractive forces constraining them at times into orderly configurations. 
The two conflicting tendencies are, of course, what men of science know as the entropy factor 
and the energy factor. It is the balance between the two which governs all the rich complexity 
of chemistry and physics, and determines that measure of effective action called free energy. 
Were there maximum entropy and complete chaos the world of phenomena would be much 
the poorer, but were there the rigid constraint which the. energy factor alone would impose 
things would be as bad or worse. Nobody who has thought about science can fail to admire the 
art with which Nature interweaves her two great themes. When molecular chaos is set in order 
it is only at a price, but price and value are astutely bargained. So it must be in human 
affairs. 

Complete individualism means chaos, which is only given form by something analogous to an 
energy factor — by State compulsion, or by powerful emotional forces. If any of these controls 
are applied too vigorously the result is order indeed but the order of utter stagnation. Just as 
Nature strikes her subtle balance, so it must be here. Nothing is less fruitful than doctrinaire 
argument about freedom and planning. The vast achievements of military regimentation in 
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wartime have been cited as examples for peace, but in this it is forgotten that results in limited 
spheres have had to be bought with an utter disregard of cost, whether of money, happiness, 
or life. 

The problem is not to propound facile doctrines, but by hard and detailed thinking in every 
possible sphere to find those mechanisms and those techniques which in combination lead to the 
greatest measure of effective action. 

A hundred years ago we saw an individualist society faced with the task of controlling the 
industrial revolution : at the beginning of a new century we face a task which seems even 
greater, that of preventing an organised society from turning individuals into slaves. The 
problem involves the relation of the State to science, of the industries to the Universities, the 
organisation of research laboratories, and indeed the relation of every man of science to the 
laboratory in which he works and to the science as a whole. 

Those who call themselves planners are often, I think, not conscious enough of the art and 
effort involved in large-scale action. Even with the most admirable motives and goals, 
operative complexity often brings frustration. There is need for a complete new science, a 
kind of biological and psychological statistical mechanics to clarify these matters. The 
beginnings of it exist. Indeed we have seen one gigantic manifestation of directed human 
activity in the evil arts of the late rulers of Germany, whose ingenious mechanisms were applied 
in opposition to truth and justice but might have been used to better ends. 

This thesis will be accepted readily enough by the exponents of what are now called social 
studies, but we may be told that the organisation of affairs must be placed in the hands of 
specially trained humanists, and that the scientific man should be confined to the r61e of an 
advisory expert. Such a tradition has of‘ course tended to grow up in some of the public 
services. But one can say With conviction that its persistence will be unfortunate and 
its extension disastrous. It is like a separation of the heart from the brain and of the mind 
from the body. The man of science must himself handle the human problems, and, in scientific 
affairs, nobody but the man of science can do it. On the w'hole the Universities and the great 
chemical industries are aware of this, and the excellent relations which have been growing up 
between them will exert a powerful influence for good, and are of happy augury. But eternal 
vigilance is the price of these things. At ever}’’ level in every organisation where men arc 
engaged in scientific pursuits those in charge must continue to wrestle with the problems of 
combining liberty with order to the end of finding that course which is humanly as well as 
technically the most effective. 

One very welcome sign of the past few years has been the increasing number of scientific 
papers published from the chemical industry. These arc clear and welcome evidence that the 
leaders of that industry are showing understanding of the intellectual needs of the men who 
serve it. One can only hope that the whips of commercial secrecy will not be succeeded by the 
scorpions of military security. 

Looking to the future of chemical research, one can confidently foresee an era of great 
technical progress. The powerful organisations which will ensure this are already in operation. 
The relevant problems of pure science will also be explored on a scale which has hitherto been 
undreamt of. Such matters as thermodynamic and kinetic studies on polymers, biological 
studies on chemotherapeutic agents, and scores of others could be cited to show how the 
approach is changing from the sporadic and the amateur to the thorough and the professional. 
All this leads to new knowledge of inestimable value, and in this field also progress seems assured. 

But of that most important kind of new knowledge, that which does not seem to relate to any 
existing field, it is harder to speak on the basis of anything but faith. And yet in this knowledge 
lies the true seed of the future. It will come only from the least conforming of minds, and the 
discoveries of the greatest ultimate moment are the least likely to have been favoured by official 
encouragement or support. They must be like the flowers of the poet 

** daffodils. 

That come before the swallow dares, and take 
The winds of March with beauty.’* 

We may well ask whether the wands of future Marches may not be more intolerant than those 
of the past. 

There is no royal road to be followed into the future. In the scientific and social history of 
the past century the picture has been one of light and shade, ebb and flow, and enormous 
uncertainties crowned by miraculous progress. On this scene men of all kinds have laboured 
for the science of chemistry. Today we honour them. There is no reason to suppose that 
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their qualities have not been inherited. The stage is changed and the parts are different, but the 
actors are very much the same. 

It is still the individual who really counts, but his problems are different. Faraday^s genius 
overcame lack of education and lack of facilities. These are handicaps from which he would 
be very unlikely to suffer today. The Faraday of tomorrow will have by his own methods to 
break through the trammels of an over-organised society : and for this it may well be that he 
will need something more of the quality of a Nelson. 

Nothing has ever yet contained the great river of knowledge. Though Archimedes was 
slain, Galileo persecuted, and Lavoisier condemned, it has flowed over or around every obstacle 
which stupidity, indifference, or malevolence have created. 

In the old eastern story a debate arises as to what is the strongest thing in the world, and in 
the end this is recognised to be the truth. “ As for the truth it endureth and is always strong : 
it liveth and conqucreth for evermore. . . . Great is truth and mighty above all things.” 
Whatever clouds may seem to lower over the new century, this is the great light which shines on it. 

But this faith does not obviate the necessity for continuous detailed effort. If it is based 
upon an extrapolation from the past, that past is one in which people were ready to struggle 
and endure. It is incumbent on us to consider what stands before our Society and what policies 
that Society should pursue. 

There is one which stands in the centre of and indeed includes all other policies, and that is to 
maintain the prestige of chemistry as a pure science. It is right that the Chemical Society 
should occupy a central position in the world of chemistry. I have referred to the increasing 
complexity of this world, with its multiplicity of organisations. But by common consent new 
knowledge is the life blood of it all, and the heart should be the Chemical Society itself. Of the 
relations between the great chemical industry and the Universities I have already spoken, and 
gratitude must be expressed for the humane policy of so many leaders of that industry. But 
it remains for the younger chemists in it to take an ever more active part in the publication and 
discussion of new knowledge. Provision for this is one of those problems where the scientific 
and the humane are inseparable. 

Relations between chemistry and its neighbour sciences — physics, mathematics, and 
biology — arc now so close that the frontiers are practically abolished and the joint discussion of 
common problems will be of increasing importance. 

All this raises a practical question of the first magnitude, that of adequate facilities for meeting. 
I feel a little ashamed that on this great occasion we should receive our guests in alien halls, 
however hospitable they may be. I should like to hope that before long a statesmanlike soluti* ni 
to this problem will have been found. 

Important as buildings may be, our publications arc still more so, and in the eyes of posterity 
the Society of today will be judged more by the quality of the work which it publishes than by 
any other criterion. As Shakespeare tells us, the immortality conferred by black ink is greater 
than that of gates of steel or rocks impregnable. It has been a sad economy which has lavished 
money upon so many objects while neglecting the means of scientific publication. We must 
continue to struggle against this unhappy policy and hope that it will pass, never to return. 

Among the traditions upon which we look back with pride is that of the international 
character of the Society. I am happy to say that as the result of a special Centenary Appeal for 
the purpose this valuable element in our activity will be strengthened, and that we now have the 
means of bringing foreign men of science to take part more often and more fully in our doings. 
There can be no question of the great benefit which chemists in this country will derive from the 
arrangement. 

And now to the conclusion of the whole matter. What the Society is and must continue 
above all else to be is a fellowship of those who share the love of chemistry, that most splendid 
child of intellect and art. Chemistry provides not only a mental discipline, but an adventure 
and an aesthetic experience. Its followers seek to know the hidden causes which underlie the 
transformations of our changing world, to learn the essence of the rose's colour, the lilac’s 
fragrance, and the oak's tenacity, and to understand the secret paths by which the sunlight and 
the air create these wonders. 

And to this knowledge they attach an absolute value, that of truth and beauty. The vision 
of Nature yields the secret of power and wealth, and for this it may be sought by many. But 
it is revealed only to those who seek it for itself. Its pursuit has united the predecessors whom 
we commemorate : it will unite our successors for as long as the spirit of man endures. 
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A Century of Chemistry.* 

A Lecture delivered on February 19th, 1947, at a Joint Meeting of the Royal 

Society of Arts and the Chemical Society to commemorate the Centenary of 

THE Foundation of the Chemical Society. 

By Sir Harold Hartley, K.C.V.O., M.C., F.R.S. 

This evening Fellows of the Chemical Society have made a pilgrimage, not, it is true, a very 
long or hazardous one, although in this year of grace 1947 we shall return by torchlight, to John 
Street, Adelphi, to the Royal Society of Arts, the birthplace of our Society. We have come like 
the pilgrims of old, who made much longer Journeys, in a spirit of piety to the place that holds 
such a high place in our memories, to pay our homage to the Society that gave us hospitality for 
our first meetings. It was on February 23rd, 1841, thanks to the initiative of Robert Warington 
and the kijidness of his friend Arthur Aikin, formerly the Secretary of the Society of Arts, that 
twenty-five chemists, including Aikin, met in this building to consider founding a Chemical 
Society, and here its first regular meeting took place on March 30th, 1841. 

The Society of Arts had been established for nearly a century, and its Secretary Aikin was a 
very remarkable man. He had been one of the founders of the Geological Society, but his 
abiding enthusiasm was for chemistry, thanks to his early friendship with Priestley, and he 
I >ecame the first Treasurer of the Chemical Society and its second President. So we started life 
with a close personal link between us. 

However, the fledgling Society soon wanted to try its wings, and in six months it left the 
nest to go to the Westminster Literary and Scientific Institution in Leicester Square. There 
was some fear too that chemical experiments might not be welcomed in these august precincts. 
But migration was found to have its drawbacks; oddly enough there were difficulties about 
heating ; they missed this warm nest, and in 1842 the Society was back in John Street, where it 
enjoyed the hospitality of the Society of Arts at the modest rent of £25 a year until 1849. The 
Annual Reports reveal the general satisfaction of the members with this arrangement, and indeed 
in 1844 the Council reported “ that the arrangement . . . continues to be satisfactory to both 
V>arties, and especially to ourselves, as we have not only acquired a convenient habitation, but 
have avoided the expenses included in the word establishment so often ruinous to young 
Societies Happy indeed is the institution that has no overheads ! 

But by 1849, when the Society got its Charter, it had outgrown the limits of your kind 
hospitality, and needed rooms for its library and collections, which it found in the Strand. 
And so ended this happy connection between us. for which the Chemical Society will always be 
most grateful. 

This year in July the Chemical Society is celebrating, somewhat belatedly, its centenary, 
and tonight we come here to commemorate its first meeting in the building where it took place. 
It is my privilege, in this joint meeting, to try and sketch the achievements not of the Chemical 
Society, for that is the task of the President, but the achievements of our science since 1841 — 
what it has done, with the help of its sister sciences, to give man control over the materials on 
which his well-being depends, and to throw light on the complexities of living matter. 

Chemistry in 1790 — 1840. 

1841 — just over half a century since Lavoisier had given chemistry its modern form in his 
great Treatise of 1789, his autobiography of one of the simplest and most decisive revolutions 
science has known. Lavoisier applied to chemistry not only the balance but, being skilled in 
affairs, the method of the balance sheet. The idea of the chemical equation dominated his mind, 
and his first chemical equation dealt, as the Bible tells us, with one of the earliest and one of the 
most significant chemical reactions known to man. It runs : 

Le mofit de raisin = acide carbonique -f alkool. 

We owe to Lavoisier the first clear distinction between physical and chemical change. With 
Laplace he laid the foundations of thermochemistry. We owe to him the idea of organic 
combustions by which he was the first to determine the quantitative composition of the products 
of living processes. When he was guillotined in 1794 he was setting his course towards the 
Atlantis of biochemistry. 

♦ Reprinted by permission from the Journal of the Royal Society of Arts, 1947. 95, 454. 



1279 


[ 1947 ] Hartley : A Century of Chemistry. 

After Lavoisier in 1808 came Dalton with his Atomic Theory. It was one of those flashes of 
genius that crystallises an idea that had been floating in men’s minds for centuries, and gives it 
the simple concrete form that makes it a powerful instrument in the hands of mankind. 
Lavoisier’s analyses and his nomenclature could then be translated into atomic formulae, the 
chemist’s shorthand. 

The next landmark was Davy’s verification of Lavoisier’s prediction of the existence of the 
alkali metals ; their isolation by electrolysis laid the foundation of electrochemistry and of the 
association of chemical aflinity with electrical charges. Davy also redressed the balance of 
Lavoisier's over-estimate of the central position of oxygen by showing that the essential element 
in an acid is hydrogen and not oxygen. 

And then, just as chemistry was attracting more and more attention and new chemical 
facts were being discovered so rapidly, came the Swede, Berzelius — the most massive figure in 
the whole of its history. In a few years he determined single-handed with amazing skill and 
sagacity the atomic weight of every known element and the composition of many compounds, 
thus giving added reality to Dalton’s theory. He too substituted for Dalton’s geometrical 
symbols the initial letters of the names of the elements, which we use to-day. Berzelius had an 
encyclopaedic mind, and he embodied in ten volumes the whole compass of chemical knowledge 
enriched by many of his own discoveries. Conservative as to the ideas which had served him 
well, he had the intuition to see where there was a common pattern in diverse chemical 
phenomena, and we owe to him the generalisations of isomerism and catalysis and their names. 

For twenty years Berzelius was the accepted authority and the influence he exerted through 
his Annual Reports on current literature and through his friendships with the younger generation 
of chemists was immense. Meanwhile the younger men like Liebig, Wohler, and Dumas were, 
laying the foundations of organic chemistry by making series of derivatives from natural products 
with inorganic reagents. The new facts tliey discovered were difficult to reconcile both with 
the dualism and the theory of radicals which Berzelius had inherited from Lavoisier, and with 
his own view of the dependence of chemical affinity on electrically charged atoms. By 1841 his 
authority was seriously challenged. His formuli were discredited, even his atomic weights 
were largely replaced by equivalents, and there was a drift from theory towards empiricism. 

Founding of the Chemical Society, 

So the Chemical Society was founded at a most opportune moment, when the number of 
young men doing research was rapidly increasing and the opportunity for discussion and 
publishing their results was badly needed. For the next twenty years chemistry was to be in a 
state of flux, without any generally accepted theory. It was a time of bitter controversy, when 
the older chemists resented criticism and the younger men like Gerhardt and Laurent suffered 
persecution for their views. In their heroic battle against authority, which they ultimately won. 
Pope’s lines, often spoken in jest of our profession, came literally true : 

** The starving chemist in his golden views 
Supremely blest, the poet in his Muse 

Laurent died as a result of privation. 

From 1840 to 1860 the work of most outstanding chemists lay in organic chemistry. It was 
a period of rapid growth, when experiments were almost hound to lead to discoveries. Each 
chemist had his own theory of which he was tenacious, as it meant much to him ; it was in a 
sense the scaffolding which enabled him to make his own contribution to the structure 
of chemistry. And so it is not surprising that by 1859 a whole page of Kekul^’s text book was 
filled by the different formulae proposed for such a simple substance as acetic acid. 

As the technique of organic reactions was gradually developed, each year brought an 
increasing harvest of new compounds and there was a growing need for some new system of 
classification to include them all. Laurent and Gerhardt, with their logical French minds, 
had each been seeking a new basis of classification along rather different lines, and their 
partnership led eventually to Gerhardt’s type theory in which all organic compounds were 
derived hy substitution from four simple inorganic substances, hydrogen, water, hydrochloric 
acid, and ammonia. Gerhardt’s theory was an unconscious recognition of the different combining 
powers of the atoms and groups, and led inevitably to Kekul^’s theory of atom linkage. It 
had been a long struggle, and Laurent died in 1853, but Gerhardt lived until 1856 to taste 
success and see his views adopted by the younger chemists. 

The early meetings of the Chemical Society during that stormy period must have been 
lively and stimulating, with men like Lyon Playfair, Graham, Brodie, William Odling 
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(Gerhardt*s Vami Odling), and Williamson, to whose classic paper on ether and alcohol Gerhardt 
owed so much. And there were in London during those years young German chemists of great 
ability — Kolbe came in 1845, to infect the young Frankland with his interest in the synthesis of 
organic compounds from simple molecules. Hofmann came in the same year to teach at the 
new College of Chemistry in Oxford Street, and Kekul6 in 1863 as assistant to Stenhouse, the 
Chemist to the Mint. Kekul6 often said that liis theory of the structure of organic compounds 
started in his dream about atoms on the top of an omnibus one night between Islington and 
Clapham Road where he lodged. So in those days London and the meetings of the Chemical 
Society which took place in this building from 1841 to 1849 were a focus of chemical thought. 

Cannizzaro and Kektdd. 

These two decades of uncertainty and divided opinion ended almost abruptly after 1860, 
thanks to the constructive thinking of two men. In 1860 the first international conference of 
chemists was held at Karlsruhe at Kekul^^s suggestion, with the object of arriving at some 
agreement about atomic weights and molecular formulae. Nearly all the active workers in each 
country were present, but as at other international meetings progress was slow. Committees 
were appointed which grew larger and larger, there was jockeying for position and eventually 
the Congress broke up in a chilly mood, having accomplished practically nothing. But copies of 
a thin paper-covered pamphlet on atomic and molecular weights by Cannizzaro, the Professor of 
Chemistry at Palermo, were given to some of the delegates. His exposition of the existing 
difficulties and their solution by the consistent use of the laws of Avogadro and Dulong and Petit 
was so clear and convincing that as Lothar Meyer said when he read it " the scales fell from my 
eyes, doubts disappeared an^ were replaced by a feeling of certainty It was not long before 
there was a general agreement among chemists about the weights of the atoms and the number of 
atoms in a molecule, which, as Kekul^ had foreseen, was a necessary preliminary to a general 
theory of the constitution of molecules. 

The other decisive factor was Kekul6's theory of atomic linkages, each atom haAung a definite 
combining power — hydrogen one, oxygen two, nitrogen three, and carbon four. On this basis, 
recognising that atoms of carbon, unlike other elements, could unite to form stable chains, or 
rings like the six-membered benzene molecule, Kekul6 was able to assign definite structures to 
organic compounds, and this gave an immense impulse to the advance of organic chemistry. 

When these major controversies were over, chemistry advanced rapidly on a wide front in 
the years from 1860 to 1900 which form the next epoch. 

Organic Chemistry, 1860 — 1900. 

Kekul6’s theory of atomic linkage had presented chemists with an almost unlimited number 
of possible arrangements of carbon atoms in straight or branched chains, or in rings with 
intermediate links of other atoms which could also form part of closed-ring structures. These 
possibilities chemists were quick to explore, both by building up new molecules by synthesis 
in the laboratory, and by trying first to ascertain the molecular structure of natural products 
and then to synthesise them in the laboratory. Outstanding examples of this were the syntheses 
•of alizarin in 1869 and of indigo in 1880. In this way many new compounds were made and 
described, and the technique of organic reactions was continuously extended. Between 1866 
and 1910 the number of known organic compounds increased from 3,000 to 200,000. 

In this period of rapid development there was one episode of outstanding importance, the 
simultaneous recognition by van't Hoff and Le Bel of the need to take into account the 
arrangement of the atoms in three dimensions. Kekul4 had realised this, but he was sceptical 
about the power of chemistry to reveal the actual structure of the molecule, although he thought 
physics might do so. Pasteur in 1845 had already proved from the rotation of light passing 
through them that in certain cases the same atoms could form either a right- or a left-handed 
molecule. Van’t Hoff and Le Bel showed that this was due to the presence of one or more 
carbon atoms combined with four different groups which could be arranged spatially in right- 
and left-handed forms. In addition, the arrangement of the atoms in space could account for a 
number of other unexplained phenomena. All their predictions were quickly verified, and since 
1 874 stereochemistry, the arrangement of the atoms in space, has been a potent factor in the 
progress of organic chemistry. 

During these years it was in Baeyer’s laboratory that most of the foremost organic chemists 
served their apprenticeship. It was there that Emil Fischer, the younger Perkin, Willstatter, 
and many others learnt the simple technique of the test tube and glass rod with which so many 
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discoveries were made before the elaborate technique of modern organic chemistry became 
necessary. The sugars, the terpenes, and the alkaloids yielded the secrets of their structures. 
Some of the many new compounds that were synthesised were only of scientific interest, while 
others yielded new dyes or pew perfumes or new drugs like eucaine and veronal, so called because 
Emil Fischer happened to wake up and look out of his carriage window at Verona after a visit 
to Baeyer to discuss its properties. 

Inorganic Chemistry, 18()0 — 1900. 

The advance of inorganic chemistry naturally took a different course. In 1860 sixty-four 
elements were known and many attempts had been made to classify them in families with very 
limited success. When agreement had been reached as to the relative weight of the atoms a 
new line of attack was opened, and in 1864 both Newlands and Lothar Meyer pointed out that 
if the elements are arranged in the order of their atomic weights, elements recur at regular 
intervals with similar properties, apj)arently belonging to the same family. Four years later 
Mendel6eff, using more accurate atomic weights, developed the I^eriodic System in much greater 
detail and predicted by means of it the properties of three undiscovered elements which were 
missing from the system. The accuracy of his predictions was shown by the discovery of 
gallium in 1875, scandium in 1879, and germanium in 1886. The invention of the spectroscope 
by Bunsen and Kirchhoff in 1859 had given chemists a powerful new instrument, and the 
discovery of further new elements, rubidium, caesium, and thallium, soon followed with its aid, 
to fill other gaps in the Periodic Table of the elements. But even though it provided a basis for 
the classification of the elements in families, many puzzling problems in the Table remained 
unsolved. 

Physical Chemistry, 1860 — 1900. 

Meanwhile the influence of physics on chemistry was being felt more and more, both in the 
use of new techniques like the spectroscope and in various applications of physical theory. 
Here again van’t IlofE was the pioneer in a dual attack by applying both molecular theory and 
the laws of energy to the analysis of chemical phenomena. The laws of energy or thermo- 
dynamics are laws of experience like Newton’s law of motion, independent of any hypotheses as 
to the nature of matter, and affording therefore a useful test of the truth of such h>q)otheses and 
of classifying and forecasting certain chemical phenomena. Willard Gibbs had been the 
fore-runner in this field in 1876 — 1878, but van’t Hoff was the first to show the wide applications 
of thermodynamics to chemistry. At the same time he was analysing the kinetics of chemical 
reactions and the nature of chemical equilibrium in the light of molecular theory, and showed 
their dependence on the behaviour and properties of the individual molecule. Thus in the 
’eighties a new subject. Physical Chemistry, was taking shape, especially in the field of solutions, 
where Arrhenius gave it a fresh impulse with his theory of electrolytic dissociation which related 
the electrical conductivity of solutions to the dissociation of molecules into electrically charged 
ions. That again had applications in many fields, and with the help of Ostwald and Nernst 
physical chemistry quickly became a powerful new instrument. 

And so in the ’nineties, when I and my contemporaries were learning chemistry, organic 
chemistry gave us a tidy logical picture in which the agreement between properties and structure 
showed clearly that the model represented a close approximation to the truth. In physical 
chemistry we got a picture of the dependence of chemical reactions and equilibria on the kinetics 
of the individual molecule or ion, and of the value of thermodynamics in giving generalised laws 
independent of any theory. Inorganic chemistry was more difficult; by then there were so 
many isolated facts to be remembered, and while the Periodic Table was a great help, there were 
many anomalies still to be explained. 

Nineteenth-century chemistry had been based on the Newtonian atoms, those small, hard, 
indivisible, elementary particles of which all matter was thought to be composed, and 
its development was mainly that of an experimental science. The whole picture of molecular 
constitution had been built up by inference from macroscopic experiments, and there were no 
means of investigating the fine structure of matter to give some clue as to the nature of the 
atoms, of their chemical affinity that caused their reactions, or of their valency that determined 
their combining powers. The evidence of their spectra certainly suggested that their structures 
were far from simple. 

Then suddenly there came a rapid succession of discoveries that threw an entirely fresh light 
oa the whole subject and by 1914 had given chemists a new conception of the unity and 
sub-mechanics of their science. 
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The Period of Great Discoveries, 1896 — 1913. 

In 1897 J. J. Thomson discovered the negative electron, showing that electricity is atomic 
and that the electron is common to all atoms. Becquerel had already discovered radioactivity 
in 1896, and Madame Curie isolated radium in 1898. These discoveries, together with 
Rutherford and Soddy’s systematic investigation of radioactive charges, gave the first clue to 
the nature of the atom. 

Roentgen’s discovery of -Y-rays in 1895, with wave-lengths approximating to atomic 
dimensions, in the hands of von Laue and the Braggs proved a most powerful means of 
investigating the arrangement of atoms and ions in crystals and later the arrangement of the 
atoms in the molecule. 

In 1911 Rutherford’s discovery of the dimensions and nature of the nucleus led to his theory 
of the nuclear atom consisting of a small central positively charged nucleus with electrons 
rotating in orbits around it. Moseley in 1913, by examining the frequencies of the -Y-rays 
emitted by different atoms, proved that there are ninety-two elements with ordinal numbers 
(corresponding to the number of charges on the nucleus, thus throwing an entirely new light on 
the Periodic Table. As a proof of the thorough way in which nineteenth century chemists had 
done their work, it is worth noting that of that complex and hitherto mysterious group of 
elements, the rare earths, fourteen had been separated and recognised as elements before 
Moseley’s law was known, leaving only one of extreme rarity to be found. 

The full significance of Rayleigh and Ramsay’s discovery in 1896 of argon, the first of the 
rare gases, followed by Ramsay’s discovery of the rest of the family, was now apparent. The 
arrangement of the electrons in their atoms was so stable that they showed no tendency to 
combination, and this was the basis of G. N. Lewis’s and Kossel’s theories of valency as 
dependent on the stability of an octet of electrons in the outer shell of the atom. 

In 1901 Planck had shown that radiant energy had a certain atomic character, as it could 
only be emitted and absorbed in discrete quanta, the size of which was proportional to the 
frequency of the vibrations. The fundamental significance of this discovery to chemistry was 
not at first obvious, until Bohr in 1912 showed that the application of the quantum theory to 
the electron orbits in Rutherford’s atoms could explain the structure of their spectra, the actual 
wave-lengths of which could be calculated in simple cases. 

Then, just as all the tools for future development were in the chemist’s hands, came the war 
of 1914, the first chemists’ war, in which chemistry played a vital part in making explosives, in 
making synthetic products to counter the effects of a blockade and in the military use of gas 
and smoke. The effect of this was to intensify the effort directed to chemical research after 1918 . 

Chemistry in the Inter-war Years, 

Demobilised from their war activities, chemists returned to their laboratories with fresh zest 
to take up again the work that had held so many exciting prospects in 1914. I remember 
Rutherford saying to me in 1919 : ** What’s the nse of going back to chemistry when Bohr will 
soon to able to calculate anything you can find out ? ” But Rutherford was the last person to 
dissuade anyone from experimenting, and it was in his own laboratory that the science of nuclear 
physics was bom. 

During the inter-war years chemistry has progressed with amazing speed, and its influence 
has been felt increasingly in the sister sciences of physiology, botany, agriculture, and geology. 
The main factors in its progress have come from physics, both from new physical techniques 
and from new physical theories. Progress has been on such a wide front that it is impossible to 
summarise, but there seem to me four outstanding achievements in the fields of atomic and 
molecular structure, of nuclear physics and isotopes, of the kinetics of chemical action, and of the 
organic chemistry of living processes. 

Atomic and Molecular Structure, 

Chemistry ovres to physics the detailed knowledge that we now possess of the structure of 
molecules, derived from measurements of their AT-ray diffraction, electron diffraction, Raman 
spectra, dipole moments, and their spectra from the infra-red to the ultra-violet. There has 
been a continuous development both of the technique and of its application in each field since 
1919. Thanks to this we now know the distances between the centres of the atoms in any 
linkage, the position of the atoms relative to one another, the nature of the linkage, the heat of 
formation of the linkage and its resistance to deformation. 

Simultaneously with this advance on the experimental side there has been a remarkable 
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development on the theoretical side which has stimulated experiment and has explained the 
causes underlying the behaviour of the atoms and molecules. 

Till 1926 the Bohr-Rutherford atom held the field, the positively charged nucleus with 
electrons rotating round it in various orbits. From the purely chemical side it gave a qualitative 
explanation of the valencies of the elements, it distinguished between electrovalent, covalent, 
and co-ordinate links, and it explained most of the regularities of the Periodic System. It 
gave a quantitative basis for calculating the spectra of atoms and simple molecules, and with the 
hypotheses of electron spin and molecular vibration it accounted for the fine structure of spectra 
and their behaviour in a magnetic field. 

But difficulties arose with the model atom as the electron sometimes appeared to behave as a 
particle and at others as a wave motion, a dilemma that was the basis of Heisenberg's 
Uncertainty Principle. The difficulty was solved by the new calculus of quantum mechanics, 
in which the properties of the atom are described by equations which admit of no simple 
physical interpretation such as a model. The test of their validity is the wonderful accuracy 
with which they can predict the behaviour of single atoms. Unfortunately in more complex 
systems great mathematical difficulties are involved in a rigid solution, and various methods of 
approximation have to be adopted. However, in spite of this, quantum mechanics has provided 
a new stimulus and a new interpretation in many fields, particularly in regard to valency. It 
enables the direction of the valencies of any atom in space to be calculated, and provides a 
much more subtle differentiation of the various t 5 rpes of linkage. The periodicity of the 
properties of the elements with increasing atomic number can be shown to be a necessary 
consequence of the geometrical symmetry of the electron fields. It explains too the quantum 
restrictions as a necessary consequence of the wave characteristics of the electron. 

Isotopes. 

The nucleus itself is mainly the concern of pure phj^sics, but there is one important exception, 
the existence of isotopes, atoms with the same atomic number but with nuclei of different mass. 
By means of his mass spectroscope Aston showed that the chemical elements are nearly all 
mixtures of istopes, and by measuring the amount of each present and its atomic weight he 
explained why chemical atomic weights are so far removed from whole numbers. The actual 
separation "‘of the isotopes with identical chemical properties by physical means was one of the 
most laborious experimental problems with which chemists have been faced. 

But a new significance was given to isotopes when the physicists found it possible by 
bombarding atomic nuclei with various particles to transmute them and often to produce 
isotopes with radioactive properties differing from those of the parent atom. Quite apart from 
their therapeutic importance, such isotopes could be used as tracer elements in chemical 
reactions and in living processes to track down the course followed by the atom in question. 

Physicists also discovered the particles of which the nucleus is composed, the positron, the 
positive equivalent of the electron, and the neutron, whose unique properties as a projectile 
in nuclear bombardments makes possible the utilisation of atomic energy. 

The Kinetics of Chemical Change. 

This brings me to the next main field of progress, the kinetics of chemical reactions. It is 
generally true to say that no phenomenon is as simple as it seemed to the original discoverer, 
and of nothing is this so true as of the equations used to represent chemical reactions. Only 
last year our President's Bakerian Lecture was devoted wholly to the complexities of that first 
schoolboy equation : 2 H 2 + 02 = 2 H 20 . 

The investigation of reaction rates has given scope for much ingenious experimental and 
mathematical treatment. It has involved the study of the lives of the individual molecules, 
the circumstances under which they can acquire a critical amount of energy, the effect 
of radiation, the effect of catalysts, and the significance of chain reactions. Great progress has 
been made, which has given us a much more intimate picture of the actual mechanism by which 
chemical reactions take place. The results are of profound interest for both theory and practice, 
as so often it is the rate of change that determines what is possible. 

Organic Chemistry. 

And lastly there is organic chemistry, when we must go back to where we left it about 1900. 
Its outstanding achievement has been the light it has thrown on the great systems of the materials 
and processes of living organisms. Organic chemistry has thus returned to the task for which 
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it was originally equipped by Lavoisier and for which he meant to use it, the discovery of the 
chemical reactions of the living body. Its success has been to reveal their complexity. With 
the techniques that have been developed by organic chemists for over a century they can now 
break down or build up the most complex structure of carbon atoms and the groups attached 
to them with a certainty that leaves no doubt as to what that structure is. 

Here again physical methods have played an important part. J^-Ray analysis of crystalline 
or regularly orientated material has revealed the details of its atomic and molecular structure. 
Infra-red spectra have made possible the identification of minute quantities of material differing 
only in small details of their structure. The modern methods of chromatography, the selective 
adsorption of substances in various media, allow of the separation of the constituents of complex 
mixtures available only in small quantities which otherwise could not be resolved. The ultra- 
I entrifuge too has helped in the separation of complex molecules and the determination of their 
molecular weights. The technique of microchemistry, the handling and analysis of small 
quantities of organic material, has made possible the investigation of substances available only 
in small quantities and quickened the pace at which investigations can proceed. 

The problem for the chemist, in conjunction with the physicist and the biologist, is to unravel 
the processes by which Nature builds up the structure of living organisms, and provides the 
materials that discharge the functions of their various parts. 

The plant is the first stage in Nature’s economy, as plants alone can assimilate the carbon 
dioxide of the air and nitrogen from inorganic sources and synthesise from them the 
carbohydrates, fats, and proteins that form the food of other organisms. Ihe first success of 
cliemists in this field was the determination of the structures of the simple plant products, such 
as the sugars, vegetable ails and fats, essential oils like the terpenes, rubber, alkaloids, and 
\'arious dyestuffs and colouring matters like the anthocyanins. Many of these were synthesised 
ill the laboratory, and A'-ray analysis has confirmed the correctness of the structures assigned 
to them on the ground of chemical behaviour. A comparison of these structures shows that 
Nature makes use of the economy of prefabricated construction, as many of them are built 
up by different arrangements of the same groups of carbon atoms. Thus the carbohydrates 
are all built up of chains of six carbon atoms, but C 3 may be an intermediate stage in this 
grouping, as the groups — Q and Cg — Ca ~ Cg frequently occur in plant products. The 
vegetable fats and oils are mostly built up of Cg units forming chains containing twelve, 
eighteen, or thirty atoms, joined together by the C 3 of glycerin. The structural units Cg and 
Cg recur again in a number of substances where the chain of six carbon atoms has been converted 
into a ring as in the oil of cloves and similar substances. Two Cg — Cg groups provide the 
skeleton of many others, and with the addition of Cg the skeletons of the catechins and 
anthocyanins. The aromatic oils, resins and rubber have been formed by a different route ; they 
are built up from a C 5 unit with a branched carbon chain which may either condense to rings 
like the terpenes or polymerise to a long chain as in rubber. 

But in spite of these regularities we have little knowledge of the methods by which Nature 
marshals these units in the living cell. Her catalytic methods are so specific in their actions 
and work so cleanly compared with ours that she is able to marshal these structural units to 
form complex molecules under the influence of surface forces exerted as it were by a template 
of existing molecules. The ease and certainty of Nature's methods is so intriguing and 
tantalising to the chemist working in a non-living environment. 

It was quickly realised that many of the main constituents of living organisms, the 
polysaccharides and the proteins, had vastly greater molecules than these simple plant products, 
and here again A-rays have rendered decisive help. Cellulose, for instance, was found to 
consist of hundreds or thousands of glucose residues united in a straight chain, and forming the 
chain bundles which are the predominant structural element of the plant kingdom. In rubber 
the long carbon chains are folded higgledy-piggledy around one another, straightening when 
the rubber is stretched and giving it its elasticity. The discovery of formaldehyde phenol 
plastics by Baekeland in 1909 soon resulted in the synthesis of similar giant molecules in the 
laboratory and the study of their behaviour. Carother’s classical investigation of the linkages 
which would produce these giant molecules led directly to the discovery of nylon, a nitrogenous 
synthetic fibre that is competitive with Nature's products. 

Of all these giant molecules the proteins, which in one form or another enter into almost 
every living process, are the most significant. Emil Fischer’s pioneer investigations showed 
that they all consist of various amino-acids linked together to form long chains. A-Ray analysis 
revealed the regular order in which the amino-acids alternate in the chains of different proteins 
and the position in space of the side groups, the projections from the chains that determine so 
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largely the specific properties of each. The proteins are divided into two great families, the 
fibrous and the globular, those in which the chains are extended like fibroin, the spider’s web, 
and those in which they are coiled in a regular manner like albumin and haemoglobin. The 
former class has again two main families, the keratin-myosin-fibrinogen group, including wool, 
hair, skin, nails, whalebone, muscle tissues, and the coagulating constituent of blood, and the 
collagen group including tendons, connective tissue, and cartilage. The knowledge of their 
chemical structure reveals something of the principles of Nature’s engineering, of the way in 
which she provides for the necessary mechanical properties of the parts of an organism. And 
further it is beginning to throw light on the processes of growth, the synthesis of giant molecules 
by contact catalysis in living matter. 

Great advances have been made in our knowledge of enzymes, those complex colloidal 
catalysts formed by living cells which enable the chemical changes that accompany and 
condition living processes to take place rapidly at ordinary temperatures. The isolation of 
some of them like urease, trypsin, and pepsin in a crystalline form was a great achievement. 
Some have proved to be pure proteins, while others, such as those responsible for the oxidation 
of food in the body, are proteins associated with various complex groups which can act as 
oxygen acceptors. 

Then there are substances such as the vitamins, hormones, and auxins, small quantities of 
which exert such an immense effect on living functions. Vitamins are essential to normal life 
and healthy growth, and are all derived from foodstuffs. Their identification has played an 
important part in the modern treatment of nutrition, and the constitution of most of them is 
now known. Hormones are the chemical messengers, produced in one part of the body and 
exerting a most potent influence on others. Some of them, such as the sterols, and the active 
principles of others, such as adrenalin and thyroxin, have been isolated ; their structures have 
been determined, and some of them have been synthesised. The knowledge gained in this wa\' 
has been of the greatest value in curative medicine. 

Lastly, there are the viruses, those minute carriers of disease that have been so hard to track 
down and isolate. Some of them have now been obtained in a crystalline form and have been 
shown to be nucleoproteins. 

In addition to throwing light, in these and many other ways, on the complex molecules and 
the complex secrets of the chemical reactions on which the existence of life is dependent, 
chemists have synthesised many new substances which have important biological applications. 
Ehrlich’s discovery of salvarsan in 1910 was an outstanding triumph. Its name “ 606 ” 
emphasises the number of attempts before a molecule was found that would destroy 
the spirochaete of .syphilis without killing the patient. Later came the sulphonamides with 
their specific reactions against certain types of bacteria. Their power of stopping growth 
suggests that they are absorbed on the catalytic surfaces in place of some of Nature’s 
prefabricated units of similar shape, and thus prevent the completion of the pattern and the 
formation of a new molecule. Their action has been likened to the jamming of a lock by a key 
that does not (luite fit. 

D.D.T. and gammexane come in another category. They are synthetic products of 
outstanding effectiveness in killing insect pests without hurting men or animals. Similarly a 
range of substances has been found which will kill weeds (dicotyledons) without damaging the 
growing crops which are monocotyledons. 

One of the greatest triumphs of chemistry in the chemotherapeutic field has been the isolation 
of penicillin, and the elucidation of its structure, the last details of which were revealed by 
A'-ray analysis, and finally its synthesis. 

All these examples, and they are but a few of many, go to show what an effective instrument 
chemistry has become, working with her sister sciences in revealing both the possible combinations 
and permutations of the elements of which the world is made, and the nature of the processes 
associated with living organisms. But in addition, chemists have a great record of achievement 
in the application of all this accumulated knowledge to the service of mankind. And this bring.s 
me to the progress of chemical industry during the last hundred years. 

Chemical Industry. 

Our industry is, I know, of special interest to the Royal Society of Arts with its wonderful 
record of almost 200 years of activity devoted to the encouragement of the practical applications 
of scientific discovery. The progressive stages of civilisation have in fact been largely 
conditioned by the materials available to mankind. From the Bronze Age to the present age of 
4o 
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light alloys and plastics there has been a steady advance in the exploitation of natural materials 
to serve the needs of man, and in this the chemist has played the decisive r61e. 

Chemical industry in 1841 was still in an embryo stage ; it had not yet felt the effects of the 
great industrial expansion of the nineteenth century, or of the impact of science on industry. 
It was mainly concerned with the manufacture of acids, alkalis, and mineral salts, with the 
extraction of natural products like sugar and dyestuffs, and with various fermentation processes. 

The first major development came from the progress of organic chemistry. Perkin's discovery 
in 1860 of mauve, the first synthetic dyestuff, started a new industry. One result was the first 
displacement of a natural product, when alizarin was synthesised in 1868, and the synthetic 
material quickly s\ipplanted the cultivation of madder. Baeyer’s synthesis of indigo in 1880 
again led to the gradual displacement of the indigo crop. 

With the rapid advance in the discovery of improved and faster colouring matters and the 
discovery of synthetic drugs like phenacetin and sulphonal, the organic industry grew rapidly. 
Although it had started in this country with Perkin, and Germans like Caro and Otto Witt 
came here to serve their apprenticeship, it was not long before Germany had secured the lead, 
mainly owing to her lavish investment in research. The scientific basis on which the organic, 
industry had developed undoubtedly had a considerable influence on the development of the 
chemical industry as a whole. 

In the heavy chemical industry the decisive episode in this country was I think the 
courageous and far-sighted decision of Ludwig Mond and John Brunner in 1872 to use the Solvay 
process for making soda. Their means were slender and several firms had already had to 
abandon the process. But Mond saw its possibilities, and for the first two years at Winnington 
he watched the process by day and night. The scientific control of the plant by which he 
achieved success and his skill in plant design marked the birth of chemical engineering in this 
country. 

Other major factors were now at work to expand the scope of the industry. First came the 
demand for artificial fertilisers to meet the food demands of the rapidly growing industrial 
population. Then the availability of electrical energy from the dynamo gave a new impetus to 
the use of electrolytic methods to produce metals like aluminium, magnesium, and sodium, and 
alkali and chlorine, and of the electric furnace to make calcium carbide and other products. 

The demand for explosives and the invention of gun cotton, dynamite, and high explosives 
built up another section of the industry. The peaceful uses of cellulose products — nitrocellulose, 
cellulose acetate, and viscose — provided another field of development, and in each new field the 
links between science and industry were drawm closer. 

The successes of chemical engineering were achieved by plant design and process control. 
The design of plant was based on accurate quantitative knowledge of the reactions concerned, 
on securing maximum heat economy, on the use of an ever-increasing range of anti-corrosive 
materials, and on the use of the most efficient catalysts. Continuous control of processes was 
obtained by recording instruments at each stage and by analysis. The study of catalysis led to 
revolutionary changes first in the manufacture of sulphuric and nitric acids and ammonia and 
later in the whole range of the industry. The catalytic hydrogenation of vegetable oils was an 
outstanding contribution towards the supply of the world’s demand for fats. 

Then came the war of 1914, in which the chemical industry became almost a decisive factor 
by the production of explosives and fertilisers. In fact, without the Haber process for making 
ammonia, the blockade would quickly have compelled Germany’s surrender. The war thus 
demonstrated the strategic importance of the chemical industry. To quote a sentence from the 
report of the Mission which I had the privilege of leading in 1919 to investigate the war uses 
of the German chemical factories : “In the future it is clear that every chemical factory must 
be regarded as a potential arsenal, and other nations cannot, therefore, submit to the domination 
of certain sections of chemical industry which Germany exercised before the war. For military 
security it is essential that each country should have its chemical industry firmly established 
The lesson we learnt then was not forgotten. 

As in pure chemistry, the inter-war period was a time of rapid development. The earlier 
development of synthetic chemistry had largely been in competition with Nature. Steinmetz, 
the genius of Schenectady, once said to the head of the I.G., “ Bosch, I know you can make 
indigo cheaper than God, you may some day make rubber cheaper than God, but you will never 
make cellulose cheaper than God ”. 

With the discovery of plastics and the vast possibilities of the synthesis of large molecules 
there has been some competition with natural products, such as nylon with silk, and synthetic 
rubber with the plantation product, but much progress has also been made in processing and 
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upgrading vegetable products, such as cellulose, starch, and vegetable oils, and in the use of 
farm by-products. The processing of foodstuffs, including crop diying, is another field in which 
chemical industry and agriculture are establishing a new community of interest. These 
developments are of great significance, as it means that industry is drawing increasingly on the 
revenue account instead of the capital account of the world's resources for its raw materials. 

I must not omit, however, some reference to the remarkable technical progress of the 
petroleum industry in the inter-war years. The refining of crude oil was revolutionised by the 
use of catalysts, and most recently by the use of the so-called fluid catalyst, small particles 
suspended in a current of the reacting gases. In addition to making petrol of high octane value 
and other fuels, a new industry has been built up on the hydrocarbon gases from the cracking 
process and the natural gas from the oilfields. From them an immense variety of chemicals are 
now made, such as isooctane, synthetic rubber, and solvents of all kinds. Under the pressure 
of autarchy oil was made from coal, by hydrogenation and by the Fischer-Tropsch process, 
which is now expected to produce petrol and hydrocarbon gases at a price competitive with crude 
oil, starting from natural gas and using a fluid catalyst. 

Once again we have seen how war has tested the resources of the chemical industry, when 
it proved its ability to produce, at a cost, whatever was needed from the available raw materials, 
whether it was aviation fuel, rocket fuel, S 3 mthetic rubber, or synthetic fibres. Chemical 
engineers too played a great part in the vast organisation, with all its attendant difficulties, 
necessary to separate the quantities of uranium 235 and plutonium in the state of purity needed 
for the atomic bomb. And their work opens up a vista of possibilities of the use of atomic 
energy for peaceful purposes. 

Conclusion. 

Thus in its industry, as in pure science, chemistry has a great record of achievement. 
Looking back at the state of knowledge when our Society was founded here in 1841, we see a 
wonderful century of progress. And in this the Fellows of the Society have always played a 
leading part. But it is well to remember that that swift advance has depended on the efforts of 
men in many countries working together with a common aim, with no tariffs or visas to hinder 
the flow of new ideas. 

And I cannot help reflecting on the contrast between this record of achievement and the 
sorry state of the world to-day. Is it not paradoxical that with the understanding we have won 
of Nature's secrets, with our power to control nature in action, that the majority of mankind 
should still be suffering from malnutrition and many from endemic disease ? This seems to me 
a challenge to science and not least to chemists. Is sufficient effort being devoted to the 
application of the knowledge we already possess ? What should be the priorities ? How can 
we ensure that the same concerted effort is made to use that knowledge for the peace 
and contentment of the world as made it such a potent factor in the war ? That is the thought 
I would leave with you at the beginning of our second century. 
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The Development of Electrochemical Theories of the Course of Reactions 

of Carbon Compounds. 

The Eighteenth Faraday Lecture, delivered before the Chemical Society on 

July 16th, 1947. 

By Sir Robert Robinson, M.A., D.Sc., LL.D., P.R.S. 

There are many tributaries to the river of scientific progress, and their contribution to the 
broad stream persists in spite of inevitable loss of individual form. 

So, the modern theories of molecular structure and chemical reactions which flourish in 
the domain of physical chemistry, thermodynamics, and wave mechanics, are derived from 
many sources. It is my intention to speak of only one of these, namely that provided by 
the generalisations of their experience which organic chemists have been able to make in terms 
of the electronic conception of valency. 

That these generalisations were a real forward step cannot be doubted, but the form in 
which they were expressed has naturally been altered in accordance with the successive 
advances in our knowledge of the fundamentals of chemical kinetics and atomic and molecular 
theory. 

The identity of the ideas has not yet been lost, however, and the qualitative approach 
still affords a valuable framework for the elaboration of detail by means of the more searching 
methods of analysis which are now available. But the section of the subject that I have 
indicated is small only in relation to the whole; it is very complex in itself and is the outcome 
of developments in varied fields of work. It will be convenient to follow the thread suggested 
by the lecturer's contacts with the topic and by precedent and parallel investigations, but 
it is certain that, by a change of emphasis, many different lectures could be delivered under 
the same title. 

After the discovery of the electron by Sir Joseph Thomson and the successive stages 
in the formulation of the electrical theory of the constitution of matter, the conceptions of 
the nature of chemical afiinity and valency bonds were gradually adjusted, and attempts 
were made to explain the chemical properties of molecules as assemblages of electrons and 
positively charged nuclei. Some kind of electronic theory of valency became almost axiomatic, 
but, as the development showed, there was ample scope for divergent views of details of struc- 
ture, of the nature of the forces involved, and of the interpretation of physical and chemical 
properties. The idea of covalency, the sharing of electrons by two nuclei, was adumbrated 
by Ramsay in 1908. Thomson and Stark developed more detailed theories, and were among 
the first to attack problems of organic chemistry on an electronic basis. 

The speculative elaborations of Stark (“Die Elektrizitat im chemischen Atom", Leipzig, 
1915), who also advanced electronic explanations of optical properties, have not survived in 
their original form. Many of his suggestions may, however, be traced in later theories, A 
second epoch may be roughly defined as that of Kossel (Z. Physik, 1920, 1, 395) and of Lewis (/. 
Amer. Chem. Soc., 1916, 38, 762; “ Valence and the Structure of Atoms and Molecules ”, Amer. 
Chem. Monograph, 1923), characterised, at least in its earlier phases, by somewhat rigid 
conventions in regard to the chemical bond, and by great advances in our knowledge of the 
relation of structure to physical properties. In the third and present period the applications 
of wave mechanics are yielding more precise information in regard to the distribution of elec- 
trons in the molecules. In certain cases that distribution can even be determined from experi- 
mental observations of the reflexion of A-rays by crystals. These matters lie outside the 
purview of the present lecture. Indeed, the symbols which we still employ are largely inde- 
pendent of stereo-electronic considerations. The exceptions are those used for the polar 
molecules, to the study of which Debye has made such outstanding contributions, and for the 
ions, that is to say the bound and free ions. At every stage of the electrochemical theory 
these are our trusted guides. * 

Langmuir pointed out that trimethylamine oxide, formed from electrically neutral NMe, 

+ — 

and an uncharged oxygen atom, must be McjN — O by the arithmetic of the electrons, and Sidg- 

(+) <-) 

wick extended the idea to include many compounds containing the co-ordinate link A >• B 

(“ The Electronic Theory of Valency,’’ Oxford, 1927). The existence of these dipolar groups 
has been fully established by experiment and has been correlated with a range of physical 
and chemical properties. The knowledge has been used to confirm the a.ssumed orientation 
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of electrostatic doublets produced by simple substitutions. For example, on theoretical 
jrrounds Thomson showed that such a doublet should be present in the group C-Q, and this 
is confirmed by the fact that methyl chloride has an electric moment, 1*97 x 10“^® e.s.u., in 
the gaseous state. The direction of the moment is shown by a comparison of the dipole moments 
(e.s.u.) of chlorobenzene, nitrobenzene, and />»chloronitrobenzene, because NOg, a dipole like 

an amine oxide, must be NOg. 



0-4 X 10“18 1-5 X 1(>“^« 3-9 X 10-18 2-6 X lO-i® 4-5 X 10-^« 

(All in benzene solution.) 


It is clear that the separate dipole moments due to C“C1 and C"N02 arc in opposite direc- 
tions in the molecule, or in other words they are in the same direction with respect to the 
nucleus. Substitution of methyl for hydrogen in the aromatic nucleus produces a small dipole 
moment in the opposite sense. We denote these displacements by the symbols : 


Cl ^1- C, 


• C or 




Both Thomson and Lewis assumed that such doublets would exert an elective field, either 
directly or by induction through a chain of atoms, and gave in illustration the greater strength 
of the chloroacetic acids as compared with acetic acid. The operation of the electrical field 
on the carboxyl group will obviously enhance the stability of the anion produced by electro- 
lytic dissociation. As expressed by Lowry the sheath of electrons moves towards the chlorine 
atom and thus bares the nuclei of the oxygen atoms, enhancing their repulsion on the attached 
proton. 

Cl —<r CHj CO, --4- H 


Lewis pointed out that the effect diminishes as the chlorine atom is removed from the carboxyl, 
rhus a-chloropropionic acid is about as strong as chloroacetic acid, but fi-chloropropionic acid 
is much weaker. y-Chlorobutyric acid is still weaker, and the effect is hardly discernible in 
8-chlorovaleric acid. 


Ionisation constants of aliphatic acids. 


K, 


CHs-COgH 21 X 10-® 

(Br) CHgCl-COjH 1-55 x lO ® (Br, 1-38 x 10- 

CHCVCOjH 5 X 10-*^ 

CCVCOgH 2 X 10-" (?) 

CHj-CHg-COgH 1-4 X 10-8 

(Br) CH,-CHCl-COaH L47 x lO-® (Br, 1-08 x 10-3) 

(Br CHgCl-CHj-COaH 8-59 x 10-® (Br, 9-8 X lO-M 

CHa-CHg-CHg-COaH 1*6 X lO-® 

(Br) CHg-CHg-CHCl-COgH 1-39 x lO-* (Br, 106 x lO-®) 

CHg-CHCl-CHg-COgH 8-94 x lO-s 

(Br) CHgCl-CHg-CHg-COgH 3 x lO-® (Br, 2-6 x 10 - 8 ) 

CHg-CHg-CHg-CHg-COgH 1-5 - 1*6 X lO-^ 

(Br) CHgCl-CHg-CHg-CHg-COgH 2 04 x lO-® (Br, 1*9 x 10-8) 

CH(CHa)g*C02H 1-5 X lO-* 

C(CH8)a-CO,H 9*8 x 10-« 

CHa‘[CHg]*-COaH 1*46 x 10-® 

CHa-fCHgJa-COgH 1*46 X lO-® 

CH8-[CHg]e-CO,H 1*44 x lO-® 

CHa-fCHgL-COgH 1*44 x 10-» 


Dippy and R. H. Lewis (/., 1937, 1008) noted an almost linear relation between the dipole 
moments and the electrolytic dissociation constants of a number of acids. 

In the series of the dibasic acids we can study the effect of one carboxyl on the strength of 
another at varying distances. 
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lonisatim constants of dibasic acids. 


K,. K,, 


COjHCOgH 

COjHCHa-COaH 

CO,H'CH,-CH,CO,H 

COjH-rCHJ.-CO.H 

CO,H-iCHj],-CO,H 

CO,H-[CH,].-CO,H 

CO,H-[CHil,'CO,H 

CO,H-[CH,],-COs.H 

7 X 10-* 

l-46~-l*63 X 10-® 

8*1 X 10-® 

4*7(6*9) X 10 ® 

3*7 X 10-® 

3*23 X 10-® 

2-6 X 10-® 

2*7 X 10*® 

8-7 X 10-® 
2*1(1*4) X 10-« 
3*7 X 10-« 

2*9 X 10-* 

2*4 X 10-« 

4-4 X 10-« 

2*4 X 10"« 

2*5 X 10-« 

/NcOaH 



1-3 X 10-® 

3-4— 5-8 X 10 

COjH 

2-9 X 10-* 

2-4 X 10-5 

"v ^JcOjjH 


COgH 

A 

1-5 X 10 * 


COgH 



Ph-COgH 

6-5 X 10-5 



It is apparent that 'COgH behaves like C'Xl. As Thomson’s electrostatic argument sug- 

6+ d — 

gests,* it must be represented as ““C and it is electron-attracting. But after dissociation 

the group becomes *” 002 ; there is now no question of a dipole, f but only of a negative charge 
which should repel electrons and conversely hold protons even at a distant point. The second 
dissociation constants clearly show that this anticipated reversal of the effect occurs. 

The values quoted for are not always strictly comparable with one another, or with 
those for K^. The second dissociation constants were in some cases determined at 100° by 
the method of inversion of sucrose (cf. Smith, Z. physikal. Chem., 1898, 26, 220). It may be 
noted that E. Q. Adams (/. Amer. Chem. Soc,, 1916, 38, 1603) has shown that if the first dis- 
sociation had no effect on the second, K 2 should be one- fourth of Ki. When the carboxyl 
groups are far removed from one another, this relation w'as found to hold approximately (cf. 
Chandler, J. Amer. Chem. Soc., 1908, 30, 694). 

The case of isomeric acids differing in stereochemical configuration is particularly convincing. 

Ionisation constants of stereo isomeric dibasic acids. 



A',. 

K,. 

CH-COgH 

COgH-CH 

9-8 X 10-^ 

2*7 X 10-® 

jlJH-COgH 

CH-COgH 

1*3 X 10-" 

2(2*6) X 10-’ 

pie-CO^H 

COgH-dn 

8*5 X. 10-" 

9 X 10“« 

(IjMe-COoH 

CH-COgH 

3-8 X 10-5 

2*4 X 10-’ (100°) 


The cis-acids are much the stronger as monobasic acids but they are far weaker in the 
second ionisation stej). The ratio of to for fumaric acid is about 36 and for maleic 

* However, in opening a discussion on these topics in 1923 (Faraday Society) Sir Joseph Thomson 

classed Cl, OH, NHj, and CHj together (C — Q) and distinguished their effect from that of CN and 

NO 2 (C — CN). This view appears to have been based on some kind of alternation and disregards the 

+ — 

inductive transmission of the field of a doublet. Thus CN distributes a positive field over the atoms 

to which it is attached and, of the groups mentioned, CHs is the only one that produces a negative 
field. 

t This is not true of the sulphonic ion, SO*"*. Thus for />-sulphobenzoic acid is 1*4 X 10-* 
(>K for Ph'COjH, 6*6 X 10-®). There is other evidence that SOj" distributes a positim dectric field 

over an attached group, and this is clearly due to its constitution — , the nearer double positive 

charge being more effective than the more remote triple negative charge. 
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acid about 60,000. Attention should be paid to the order of the phenomena only, as, apart 
from the experimental difficulties, the interpretation is complicated by the possibility of 
differences of solvation of the acids and their ions. 

Many of these facts were established by the work of Walker, Ostwald, and Bone, Sprank- 
ling, and Sudborough fifty to sixty years ago, and Ostwald gave the acceptable explanation 
of them in general terms (Z. physikal. Chem., 1889, 3, 177). 

The whole problem of the strengths of acids and bases (where the effects are naturally 
reversed) can be satisfactorily treated along similar lines, but, as Fliirscheim was the first to 
show (/., 1909, 95 , 718; 1910, 97 , 84), steric hindrance must be taken into account in many 
cases, for example in o-substituted benzene derivatives. We may regard the dissociation 
constant of a carboxylic acid as a measure of the electrical field over the dissociating group, 
provided that approach of solvent molecules is not hindered by steric conditions. 

I have dwelt at some length on this clear case because of its historical importance and in 
order to place in juxtaposition with it, experimental results from which it can be seen that 
exactly analogous phenomena control the nitration of certain benzene derivatives in the e-, 

or w-positions with respect to a substituent. With the acids we have an ionic equilibrium and 
the effect of an electric field is not surprising. But in the nitration case we liave an effectively 
irreversible process and no obviously ionic reaction. 

The work of Vorlander showed that the direct attachment of an ’oniura group to the benzene 
nucleus gives substances that nitrate exclusively in the m-position (Ber., 1919, 52 , 262, 274; 
Vorlander and Siebert, ibid., p. 283). This may be compared witii the ;n-nitration of nitro- 
benzene (benzoic acid, benzenesulphonic acid, etc.) : „ 

+ NMeJNOa 
0 ^ 100% 

The “ 'oniurn ” atom need not be nitrogen but may be sulphur, selenium, phosphorus, arsenic, 
antimony, bismuth, lead, or even iodine [Vorlander and Buchner, Ber., 1925, 58 , 1898 (I); 
Vorlander and Schroedter, ibid,, p. 1900 (Bi, Pb) ; Michaclis and Soden, Annalen, 1885, 229 , 
324 (a P compound not quite analogous) ; Ingold, Shaw, and Wilson, /., 1928, 1280 (P, As, 
Sb) ; Baker and Moffitt, 1930, 1722 (S, Se)]. 

The interpretation given by Vorlander laid emphasis on the direct union of the “ *onium ” 
atom to the nucleus and is no longer considered valid. 

In 1902 Schultz and Bosch (Ber,, 1902, 35, 1292) stated that phenylbenzylethylamine 
nitrated in the m- position in the benzyl group, and Noelting and Kregeezy {Bull. Soc. chim., 
1910), 19 , 355) recorded the w-nitratioii of benzyldiethylamine, both in strongly acid solution. 
The significance of these isolated observations was not quickly recognised, mainly because 
there was no orientation theory that was generally considered satisfactory. A few years later 
interest was wakened and an active discussion arose in this country on the question of the 
actual substance that nitrates in the w-position. Was it the base or the salt? This was 
settled in favour of the latter view by Ing and the lecturer (/., 1926, 1655) who found that 
benzyltrimethylammonium nitrate furnished nearly 90% of the m-nitro-derivative. In this 
quaternary salt the existence of free base is naturally impossible. The paper was entitled 
“ The orienting influence of free and bound ionic charges ", and the m-nitration in this and 
other cases was attributed to an electrical field produced by the cation over the molecule. 
The result was of great importance because it demonstrated that the charged centre need not 
be directly connected to the nucleus. 

In a footnote it was stated that the work would be extended to p-phenylethyltrimethyl- 
ammonium nitrate and y-phenylpropyltrimethylammonium nitrate in order to determine 
the influence of the length of chain separating the charged centre and the nucleus. Even in 
the former case the nitration was chiefly in the /^-position. Quantitative details of these and 
other examples were later provided by the extensive work of Ingold and his school. 

It was found that, when a cationic charge is separated by a methylene group from the 
benzene ring, the nature of the 'onium atom is significant. Other things being equal the heavier 
atoms are the less effective, possibly because the distance from the aromatic nucleus is increased 
by their larger radius and the nuclear positive charge is more diffuse. Examination of the 
results demonstrates conclusively that the proportion of w-nitration is dependent on the 
intensity of the positive electric field over the nucleus. 
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m-NUration of *Onium Salts, Ph*R. 

R « CHj’NMe/, 88 ; ^ R - CH 2 -CH 2 -NMe 8 +, 19% ; * R = CH 2 -CH 2 -CH 8 *NMe 8 +, about 6% ; » 
R = PMe8+, 100% ; * R = CH2-PMe8+, 10% ; ^ R = AsMe8+, 98% ; * R = CH8-AsMe,+, 3*4% ; * 
R « SbMcj, 86% ; * R = SMco'’', ® R — CHj-SMeg’^, 62% ; ® 2-phenylbenzopyryliuin 

salts • and 2-phenvlquinoline metho-salts,’ only w-nitro-derivatives were isolated, and in high 
yield. 

1 lug and Robinson, loc. cit. ; Goss, Ingold, and Wilson, 1926, 2240. ^ Goss, Hanhart, and 

Ingold, 1927, 250. « Ingold and Wilson, 1927, 810. * Goss, Ingold, and Wilson, loc. cit. 

^ Baker and Mofiit, loc. cit, ; Pollard and Robinson, 1930, 1766, found Ph'CH 2 ‘SEt 8 +, w-nitration, 
28%. This fall, as compared with the benzyldimethylsulphonium salt, is probably due to reduction 
of the positive 'onium field of sulphur by a negative field due to the methyl groups. ® Le F^vre, 
1929, 2771. ^ Le F^vre, /., 1930, 2236. 

Fliirscheim and Holmes (/., 1926, 1562) and Pollard and Robinson (/., 1927, 2770) found 
cases ill "which the electrostriction of the cations by added salts diminished the percentage 
of w-nitration. Thus benzyldiethylamine in an excess of sulphuric acid gives 53*5% of the 
m-derivativ^c. When ammonium sulphate was added the proportion fell to the region of 33%. 
I'he nitration of benzylpiperidine in nitric acid (d 1*6) gives about 70% of the m-nitro-base, 
and addition of trimethylammonium nitrate or rubidium nitrate, salts which are soluble in 
nitric acid, caused jirogressive reduction as more of the salts was added, until only about 
20% of the w-derivative was produced. It was suggested that the accessibility of, for example, 
a sulphonium cation to electrostriction may be a part of the cause of the less intense field (as 
compared with a corresponding ammonium cation) that it exerts over the aromatic nucleus. 

It was pointed out long, ago by Holleman (“ Die direkte Einfuhrung von Substituenten 
in den Benzolkern ”, 1910, p. 469) that predominant ej!?-substitution occurs at a higher rate and 
under milder conditions than predominant m-substitution. 

This is easy to understand in the series which has been discussed because the recent work 
of Bennett and Ingold and their collaborators has indicated that the effective nitrating agent, 
at least in sulphuric acid solution, is the nitroxyl ion, NOg’^. Obviously this will be repelled 
by a positive field and will enter the molecule the more easily the less intense the field. The 
relation indicated by this example is general and is often diagnostic of an ionic type of reaction. 
In regard to the actual rates in different cases Wibaut (Rec. Trav. chim., 1916, 84 , 241) found 
the order CgHg'CHj > CgHg > CgHgCl > CgHgBr in acetic anhydride solution. Using the 
method of competitive nitration. Ingold and Shaw (/., 1927, 2918) calculated from their results 
that each o- and ^-position in toluene is roughly thirty times as reactive as in benzene, and each 
w-position about twice as active as one of the positions in benzene. The ratio RoeHjB/I^OeHe 
found to be R I, > 1 ; R = Br, 0*2 ; R = Cl, 0 01 ; R =- F, 0*002. Ingold, Lapworth, Roth- 
stein, and Ward (/., 1931, 1959) working under somewhat different conditions increased the 
figures for toluene and found that one of the w-positions is about three times as active as one 
position in benzene. Although the assumptions made in the calculations hold only approx- 
imately and may be arguable, the general trend of the phenomena was established. It is in 
agreement with the theory outlined that the y/z-position of toluene should be activated (see 
below) . 

Excluding the cases (conjugated systems) considered later, all the data on benzene sub- 
stitution can be shown to be in harmony with these principles. If we withdraw electrons 
from the nucleus as by substitution of halogens, nifcro-groups, carlx:)xyl groups, etc., for hydrogen 
in the side-chain we augment w-nitration. Introduction of methyl groups into the side-chain 
augments 0 ;/)-nitrations. Nitration has been studied very extensively but enough is known 
of sulphonation and halogenation to demonstrate that the orientation in these processes follows 
the same general lines. In order to be able to discuss why m-nitration occurs under the 
influence of a positiv^e electric field, it is necessary to study other aspects — the reagents, and the 
behaviour of unsaturated systems. 

The Classification of Reagents as Anionoid and Cationoid. — These terms introduced by Lap- 
worth (Manchester Phil. Soc., 1925; cf. Nature, 1926, 115, 625) implied that certain electrically 
neutral molecules exhibit reactions of ionic type. Thus the hydroxyl ion combines with a 
proton to form water, and when water combines with a proton to form the solvated hydrogen 
ion, the process is evidently analogous. Hence the water molecule is said to be anionoid or 
to be an anionoid complex. The terms are equivalent to electron-donor and electron -acceptor 
and also to Ingold’s expressions nucleophilic and electrophilic, respectively. 

When a neutral molecule is attacked by an ion, the site of a cationoid or anionoid position 
is easily located, and it was just such a case that led Lapworth to develop his system of incipient 
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alternate polarities. The reference is to the formation of cyanohydrins which were conclusively 
demonstrated, qualitatively and by kinetic studies, to result from the attack of cyanidion on 
a carbonyl group. The resulting complex ion then takes a proton from a suitable source, 
such as water or an alcohol, or even from a molecule of hydrocyanic acid : 



CN- 




X- 


Thus pure hydrocyanic acid does not combine with aldehydes or ketones, but the alkali from 
a glass vessel is sufficient to start the succession of processes. 

Hence the carbon of the carbonyl group is said to be cationoid ". All the characteristic 
reactions of carbonyl compounds conform to this view. By analogy we also class many 
similar groups as cationoid, for they evidently undergo the same type of reactions. These 
include carboxyl and especially the carboxylic ester group, the cyano- of nitriles, nitrosyl and 
nitroxyl groups. 

The cationoid character of the carbon of ■"CO"' could be deduced theoretically from tlie 
fact that oxygen has a greater affinity for the negative charge than carbon, but there is no 
such guide in the case of the carbon-carbon double bond, and a conclusion had to be based 
on what was already known of the characteristic behaviour of olefins. This knowledge was 
sufficient for the purpose but it was eked out by specifically designed tests, among which may 
be mentioned Gilman’s demonstration that olefins are inert towards organometallic compounds. 

Consideration of the reactions of the olefins showed that in general and under ordinary 
conditions, they are easily attacked by cations and cationoid reagents but are relatively inert 
to anions and anionoid reagents. They were therefore regarded as anionoid. But this only 
means that their additive reactions arc usually initiated by electron-donation to reagents; 
there must always be a subsequent process in the course of which the second carbon of the 
system evdnees cationoid character. 


o- 


— O becomes 

any part of this full displacement of an electron pair is conveniently represented by the symbols 


In the formation of cyanohydrins it is clear that the group — G becomes 


\a ^ \ <5+ <5- 

yc — O or ^C — O. Similarlv any part of the full displacement of a pair of electrons in an 
olefin can be represented as ^C — C^ . The difference is that whereas the carbonyl is cationoid 

/ a b\ 


at (a) the olefin is anionoid at (6). There is complete analogy between the reactions of the 
olefins and those of the aromatic compounds which tend to retain their type, and therefore 
benzene, and all similar substances, are also classed as anionoid. 

Saturated carbon, midway between lithium and fluorine, has little or no intrinsic tendency 
to be either anionoid or cationoid. Therefore alkyl groups exhibit either behaviour in accord- 
ance with the electrochemical character of the group or atom to which they are united. Thus 
a chlorine atom holds the co valency electrons tenaciously and tends to separate as an ion. 
An attached alkyl group is consequently cationoid. But metals easily relinquish electrons 
and hence the alkyls of organometallic compounds are anionoid. 


R(— Cl R— )MgX 


The annexed table requires little further explanation and can, of course, be greatly extended. 


Anionoid. 

Nucleophilic. 

Electron-donating. 

Active anions (OH“, CN~, etc.). 

Anionoid complexes with unshared electrons 
(R,N, ROH, etc.). 

Reducing agents (Fe ^^ — >-Fe+'*'+). 

Metals as electron sources. 

R in R,Zn, RMgX, etc. 

. r\ rv 

:c=c:, CeHe. etc. 

Free radicals. 


Cationoid. 

Electrophilic. 

Electron-accepting. 

Active cations (H3+O, ^Nj^). 

Atoms with incomplete electron configurations 
(neutral O; Co, Pt, etc.; BF3, AlCy. 

Oxidizing agents [Fe(CN) 3 — y Fe(CN) « ] . 

Halogens, nitric acid (in nitration), sulphuric acid 
(in sulphonations). 

R in RCl, RaS04. :NR+, etc. 

rv 

IC=0 (at carbon), etc. 

Free radicals. 


In all the classes the various representatives can be arranged in order of reactivity, and 
one general principle is that unshared electrons are better donors, the smaller their number. 
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This is connected with a closer approximation to the rare gas configuration. A negative 
charge on the reagent molecule naturally enhances the ease of electron donation, but even a 
positive charge need not entirely suppress the process. Conversely a positive charge enhances 
the activity of an electron acceptor, an example being the catalysis of carbonyl reactions by 

rv4- 

acids, due to the complex IC=^0H. And again a negative charge does not always inhibit 
carbonyl activity completely. It was only gradually realised that the potentiality for covalency 
transformations is given by unshared electrons, or electrons in defect of a normal configuration, 
and that the charges either help or hinder the reactions. 

The symbols suggested for electron displacements, together with Sidgwick’s for the co- 
ordinate link, can conveniently be used to illustrate the course of reactions and one example 
will suffice. This is the formation of glycol chlorohydrin (or an ether, R-O-CHgCHgCl) from 
ethylene, chlorine, and water (or an alcohol, R*OH). 

The lecturer (Institut International de Chimie Solvay, Quatri^me Conseil, Brussels, 1931; 
Gauthier-Villars, Paris, 1931, p. 460. The use of R*OH as well as HgO was mentioned in 
subsequent lectures and was known to Professor Noyes) suggested the following cycle : 


(R)H^O 
« I 

HO — > H 


H(R) 


a 



(K)HO-CHj*CHaCl 

(R)HOH,+ 


Cl“ 


(a) The anionoid ethylene donates electrons from to cationoid chlorine, from which a 
chloridion is gradually produced. 

(Z?) When the process of electron depletion of has reached a certain stage, Qp acquires 
cationoid reactivity and is attacked by anionoid water (or an alcohol molecule) the mass of 
which greatly exceeds that of the chloridions. A small proportion of ethylene dichloride is 
always formed. 

{c) Finally the complex loses a proton to a solvent molecule. 

This mechanism serves to explain the formation of CH^CbCHa'O’CHg’CHgCl when the con- 
centration of the chlorohydrin rises. 

The idea was criticised by W. A. Noyes, who preferred to postulate the formation of hypo- 
chlorous acid or an alkyl hypochlorite and its addition to ethylene. Subsequently, however, 
evidence accumulated from many directions whicli rendered untenable the hypothesis that 
hypochlorous acid or its esters are intermediates. 

The rate-determining reaction is that between chlorine and ethylene; moreover hypo- 
chlorous acid is found to be far less reactive than chlorine. Again in certain similar reactions 
the hypochlorous acid type of viow cannot be suitably adapted because the intermediate 
required is unknown and would probably be extremely unstable. To take one instance, bromine 
reacts with ethylene in the presence of aqueous sodium nitrate so as to form p-bromoethyl 
nitrate, CH.^Br*CH2*0N02. The result conforms to the mechanism suggested but can hardly 
be due to formation of BrNOj (Terry and Eichelberger, J. Amer. Chem. Soc., 1926, 47 , 1067; 
A. W. Francis, ibid., p. 2340). Bartlett and Tarbell {ibid., 1936, 58 , 466) made an elegant 
kinetic study of the addition of methyl hypobromite to stilbene, and reached the following 
conclusions. 

“ (1) The rate of bromination of stilbene in methyl alcohol solution is sharply diminished 
by bromide ions but not by hydrogen ions. 

(2) Therefore, although stilbene methoxy bromide is the principal product, methyl 
hypobromite is not responsible for its formation. 

** (3) The kinetics of the reaction is consistent with a mechanism of reaction in two steps, 
in which molecular bromine is the active agent/' 

And here the lecturer wishes to take the opportunity to insist on the original form of his 

hypothesis and to deprecate the later versions which postulate a fully polarised ethylene 
+ ~ +• 

CHa — CH .2 and halogen cations, e.g., Br. Similarly the second phase involves the neutral 
solvent molecule, e.g., water, and not the hydroxyl ion as has sometimes been assumed. It 
is probable that the polarisation swings of ethylene in the resting or even the activated state 

indicated by CHg — CHg, represent only a small fraction of the full displacement of an electron 
pair. If it were otherwise the substance would be far more prone to polymerise than is found 
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to be the case, and it would also react with anionoid reagents. But once the electron donation 
from an ethylene molecule has commenced, strain is relieved, and the process can be continued. 
Hence the full displacement is assumed to occur only in the course of the reaction. Again 
the process is not one of interaction with halogen cations but with halogen molecules, because 
the concentration of the former, if they are present at all, must be extremely low and the 
kinetics would be inexplicable. Finally the concentration of hydroxyl ions in the strongly 
acid solution is certainly exiguous. 

2'he Conjugated Systems. — (1) Polyenoid. In 1911 Hugo Kauffmann (" Die Valenz Lehre ", 
£nke, Stuttgart) developed a theory of partial and distributed valency which he applied with 
success to the problem of auxochromes and to the constitutions of benzene and the triphenyl- 
methane dyes. He appears, however, to have regarded chemical affinity as a special kind of 
force and speaks of the valence fields becoming electric fields, if electrons are interposed. In 
other respects too, and particularly in the development, Kauffmann’s views differed from 
those that the lecturer developed from 1916 (/., 1916, 109, 1032, 1041; 1917, 111, 959; 1918. 
118, 643; Mem. Manchester Phil. Soc., 1920, 64, No. 4) and which were translated in 1922 
into definite electronic symbols (Kermack and Robinson, 1922, 121, 427). 

It was postulated that a valency bond could be subdivided, to an unknown but large extent, 
and it was further assumed that molecules are polarised by such partial division of the bonds. 
The polarised complexes enter into reactions. Thus taking four subdivisions of a bond, for 
convenience only, the activation of ethylene was represented as 





With this polarised form the reaction, sa^’' addition ol bromine, could be initiated and it was 
supposed to be completed in the course of the process by further division and rearrangement 
of the valencies. This view differed from that of Thiele in that the partial valencies were 
derived from the normal valencies and were not additional to them. The schemes for butadiene 
illustrate this contrast of which the most significant aspect is the assumption of polarisation : 


CH.,=CH-“CH=CH, 


CHa^cfPcH^CHa 

Thiele. 


a p y B 

Clla— CH~CH:^CH2 
Robinson. 


Here the signs on and represented the polarity of the partial valencies from which the 
central partial bond was derived. It w^as an error to retain these signs after the part bond 
was formed, but the convention gave the right results in more complex systems. 

Although these ideas were based from the commencement on the electronic theory of 
valency, use was made for some years of the partial polarised valency expressions. It was 
realised that the partial valencies labelled (— ) represent available electrons, or part of an 
electron, and that those labelled (-f) represent corresponding electron defect. Therefore the 
equivalent electronic symbol for polarised butadiene is : 

/Ov r\ 

(4-) CHa=CH~CH=CHj (-) 
a /3 y 8 


This implies that a certain electron value, possibly quite a small fraction of one electron, 
becomes free on C® and that the resulting electron defect on O' is made up by the transfer 
of a corresponding electron fraction from the bond to and that this produces a corre- 
sponding electron defect on C®. A very important feature of this representation is that, apart 
from the inevitable electron defect on one carbon atom, the number of quantised electrons in 
the configurations of the carbon atoms is unchanged. The mechanism of addition to tliis 
system will then be precisely analogous to that already discussed for ethylene. It will be 
noticed that the process transfers electron defect from to C® but this event does not always 
occur. The left-hand arrow need not come into operation and, as experience shows, we may 
observe yS (or ot^) additions. It is obvious, and was clearly stated, that a double bond can 
transmit any effect of electron accession or recession and one or more double bonds can there- 
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fore be interpolated in any system AB such that the quality of reactivity exhibited is due to 
a displacement of electrons from A to B, directly, or through an external circuit. 

Much later Fuson {Cheni. Reviews, 1935, 16, 1) called this the “ Principle of Vinylogy 
It is a theoretical potentiality which is not always realised in practice. The effects may be 
greatly damped, and there are special exceptions such as R*C1, R*CH— CH*C1, the cause of 
which is apparent. 

The polarised complexes of which butadiene is the type are called polyenoid. They include 
benzene and other aromatic hydrocarbons. 

We are now in a position to consider why an electric field over the benzene nucleus should 
produce o/?-substitution or m-substitution according to its direction and intensity (Allan, 
Oxford, Robinson, and Smith, 1926, 409). 

The reagent in nitration is cationoid; ♦ it is looking for electrons. Therefore the first 
stage of the nitration of benzene could be represented as : 

» 2 (+) 



The second stage is the removal of the proton at the point attacked. That is also important 
but need not enter into the present discussion. 

Now suppose we have a group (A) which promotes electron accession to the nucleus and a 


A 

r 

€) 


general drift or repulsion of electrons as shown in the figure. Its effect will be a maximum 
at the carbon atom to which it is attached and less work will be needed to effect the polaris- 
ation (a) than (fe) or (^) : ^ 

t 



P 


Thus o-substitutioii can be expected. If the reagent approaches the w-position substitution 
may occur through the independent operation of (6) but it will be far less facile. But if the 
reagent approaches the ^-position and enters into tentative union with it, the defect on the 
n?-carbon can at once be made up by a conjugative process which will be favoured by the 
same circumstances that helped (a) : 


A 



Thus the push from (A) promotes o-substitution directly and /^-substitution by conjugation. 
It is important to note that the process (i>) cannot be assisted in a similar fashion, because in 
the expression 


the number of electrons in the configuration of the w-carbon is increased. 

We have seen that methyl is an (A) group; the percentage of jw-nitration of toluene is 4 
and the ratio of o- to /?-nitration is about 3 : 2 (o-, 59% ; />-, 37%). 

♦ It is not certain that NOj+ is the sole nitrating agent; electrically neutral cationoid complexes 
are probably operative under appropriate conditions. 


A 
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A group (B) which attracts electrons is equiv'alent so far as the field effect is concerned 
to an imaginary (A) grroup at the j^-position : 

B B / 

1 / 


(i) 

Hence by the argument already given we anticipate o/?-substitution with respect to (A). 
That is, m-substitution with respect to (B), or displacement of that group by the substituent. 
The latter phenomenon is often encountered. 

Naturally this use of the imaginary (A) group must not be pressed too far. The group (B) 
is real and by its positive electric field it renders all the nuclear electrons less available and 
reduces the ease and velocity of the substitution reaction. 

(2) Catio-enoid. The cationoid reactivity of the carbon of a carbonyl group has been 

\ sy 

attributed to the electronic displacement yC — O. This can be conjugated with a double bond 
and thereby the quality of reactivity of a carbonyl is transferred to a carbon of the ethenoid 

jy jy 

system C — C — C — O. It is another example of the ay rule. Thus a cyanidion attacks the 

y a 

y-carbon (usually denoted as (3) in an unsaturated ketone. Consideration of these and similar 

+ ~ + - 

cases led Lapworth (1920) to formulate his theory of alternate polarities expressed : C — C — C — O. 
In this way he merely indicated the polarities which the various atoms seemed to display at 
the moment of reaction. The device led to some useful and interesting results but it was 
certainly taken too literally, and Lapworth’s clearly stated reservations were often overlooked 
by other workers. Later (1922) he adopted a view similar to that suggested by the lecturer, 
but this was presented in a very general form which was somewhat difficult to assimilate. 

In the aromatic series, catio-enoid systems may lie outside the nucleus, partly in the nucleus, 
or wholly in the nucleus. They give rise to typical reactions with anionoid reagents: 

N-O, 

^ 0- 




o 


Examples are the hydrolysis of nitrosodimethylaniline and l-chloro-2 : 4-dinitrobeiizene, the 
amination and hydroxylation of nitrobenzene, quinones, and pyridine, etc. etc. 

(3) Hetero-enoid. H. Decker (Decker and Klauser, Ber,, 1904, 37, 523; Decker, Ber., 
1905, 38, 2893) suggested that tervalent nitrogen could be conjugated with a double bond, 

and employed the Thiele symbol : C^C — NI. The exi)erimental basis of the divided addition 
concerned only the action of acids and therefore the mobile proton. The lecturer (/., 1916, 
109 , 1038) showed that alkyl groups could be used to mark the position of combination as 
in the examples : 

I 


IjJEt. Mel^ 

Me'C=CH-CO,Et 


NMe, 

Me-cUcj 


NEt, 

II 

Me-C— CHMe-CO,Et 
1 

NMe, 


H,0 


> EtNHa}! Me*CO*CH]\Ie-COaEt 


HaO 


CMe-CO,Et + Mel — Me-C— CMej-COaEt 
This latter case excludes the hypothesis 

^)C=CH-CO,Et + RI — >■ ^>C=CR-CO,Et + HI. 


> Me'CO’CMej'COaEt 
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The basic nitrogen attached to the double bond has transferred, to unsaturated carbon, its 
own power of combining with a cationoid methyl group. The facts were established in the 
partial valency period and expressed in terms of that hypothesis. The electronic translation 
(1922) is much simpler and more convincing. 

I<-) K 

R,N-=k>=C R,N=C— CMe 


The unshared electrons (lone pair) of the nitrogen atom are used to increase the covalency 
with the nearest unsaturated carbon Ca. This must release electrons of the double bond 
to Cp which can thus bind the methyl group. At the same time the nitrogen acquires a positive 
charge to balance the iodion, for it started with unshared electrons which became shared in 
■ the process. 

It is quite clear that this system must be definitely anionoid or electron donating. For 
though olefins are anionoid the tervalent nitrogen is far more strongly so, and here the nitrogen 
atom endows the unsaturated group with something of its own quality. Furthermore this 
type of conjugation is possible if the nitrogen atom is replaced by any atom which carries 
unshared electrons, and the order of activation will be that of the proton-affinity (or basic 
strength) of the hetero-atom : the greater that affinity the more reactive will be the anionoid 
carbon. Thus N“ > 0“ > N > O > I > Cl to mention a few of the possibilities. The 
C-alkylation of the sodio-derivative of ethyl acetoacetate which is derived from the enolic 
form, is seen to be analogous to the C-alkylation of the p-aminocrotonic esters. The most 
important examples are in the aromatic series, e.g., the phenoxide ion, the aromatic amines, 
phenols and their ethers, halogenobenzenes. All the characteristic nuclear reactions of 
phenols and amines, e.g., bromination, nitration, condensation with carbonyl compounds, 
etc., are with cationoid reagents, and all occur exclusively in the o/>-position. The conjugations 




or 



etc. 


provide a much more definite mechanism of activation than that previously considered, and 
they take precedence over other effects. It has been suggested by J. W. Baker and Nathan 
(/., 1935, 1845) that a methyl group can release electrons in a somewhat similar fashion : 



The relation of this suggestion to the use of unshared electrons in the systems under discussion 
is not yet clear. 

The case of chlorobenzene is very interesting because its nitration, for example, is far less 
facile than that of benzene itself. This was to be expected, for chlorine is known to be an 
electron -attracting group as we have already" seen : 



All the electrons of the nucleus are less available than they are in benzpne. But even at this 
low level of reactivity the conjugative process determines where the donor electrons are to 
be found (see below, mesomerisni). 

Other important hetero-enoid systems are recognised in such substances as pyrrole, and 
account for the correspondence of its reaction types with those of phenol and dimethylaniline : 





[1947] Theories of the Course of Reactions of Carbon Compounds. 1299 

The a-positions are like the ^-position iii aniline, whereas the p-positions resemble the 
o-positions in aniline. They are all reactive as shown by the formation of tribromoaniline on 
the one hand and tetraiodopyxrole on the other. 

The recognition of two Idnds of conjugated changes of covalency with simultaneous increase 
or decrease of the unshared electrons of atoms such as oxygen or nitrogen as in 

Okr Ov N 

C=C— C=0 and N-~C=C 

must be regarded as one of the milestones on the road we have travelled. 

An Example of the Interaction of the Conjugated Polarisation and General Electric Effects, — A 
very important aspect of the lecturer’s views was experimentally illustrated by a carefully 
selected case (three preceding papers were discussed by Allan, Oxford, Robinson, and Smith, 
loc, cit.; Lea and Robinson, 1926, 411; Oxford and Robinson, /., 1927, 2239; Fawcett 
and Robinson, 1927, 2415; Clarke, Robinson, and Smith, 1927, 2647; Smith, 1931, 
251). This was the mono-nitration of alkyl ethers of catechol and quinol (OMe, OR) which 
proceeds quantitatively. The proportions of the products can be determined accurately by 
thermal analysis. 



If we consider the case of the ethyl ether of guaiacol, there are two hetero-enoid systems 
directing ^-substitutions as indicated by the dotted lines : 


H-CH2‘OfC, .>(«) 

(I) ^ 


The oxygen of the methoxyl group directs the substituent to {b), that of the ethoxyl group 
to (a). In the ethoxyl group a hydrogen of the methoxyl group is replaced by methyl, and 
this, as we know from strengths of acids and bases and from the dipole moment of toluene, 
will repel electrons relative to the effect of hydrogen. Hence the system terminating in {a) 
should be reinforced and the directive power of ethoxyl should exceed that of methoxyl; 
which is actually found to be the case. Taking MeO, 100 we find EtO, 135. But on increasing 
the size of R in OR, the directive power rises to a maximum and then falls : Pr^O, 150; Pr®0, 
128; w-BuO, 123. 

The effect (I) (inductive or general) is evidently also exerted on the oxygen of the methoxyl 
as the stereochemical conditions suggest that it should be, and the distributed direct effect 
partly neutralises that exerted through the chain. But in the quinol series this is no longer 
true : 

a b 

r\ / — s. (1) 

« 6 


The push of the methyl now assists (5) and actually opposes (a). Hence the directive 
power of EtO (164) is higher than that found in the catechol series. And with larger groups 
it continues to increase (Pr®0, 180; w-BuO, 186; w-CicHgaO, 212). 

An electron-attracting group is jb-nitrophenyl, and here the circumstances are reversed. 
In the catechol series N 0 a*C,H 4 *CHj 50 , 67, and in the quinol series, 38. The distributed pull 
on the electrons of the oxygen atoms in the former case results in a higher directive power 
than the pull in the latter case acting on the oxygen of the nitrobenzyloxy-group alone. One 
apparent exception was noted in the benzyloxy-group (113 in the catechol series, 107 in the 
<luinol series), but the differences are small and the value in the catechol series is suspect. In 
the course of the Faraday Society discussion in 1923, it was stated that the polarity theories 
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explained everything and predicted nothing. The lecturer thereupon made a prediction as 
follows : 

( 1) That the ^ara-chlorobenzyloxy-group wouW have a greater orienting power than meta, and 

(2) that the /?ara-nitrobenzyloxy-group would have a weaker orienting power than the 
meta. 

In 1927 the first prediction was justified (p-, 82 ; m-, 69), but the and ;^-nitrobenzyloxy- 
groups had nearly the same directive powers (67), in the catechol series. The anticipated 
effect was, however, noted with the nitrobenzamido-groups in the acylated ^-phenetidine 
series (EtO, 100; p-, 190; m-, 226). 

The Neutralised Systems . — If a strongly cationoid group is attached to a strongly anionoid 
group, e.g., N to CO, electron transfer occurs in the molecule under all conditions : 


rv r\ 



The result is in this case to diminish the basic character of N and the cationoid character of C 
of CO and to produce a definite dipole evinced by the physical character of the amides. In 
a similar way the characters of the carboxylic acids and their derivatives receive a very con- 
x'incing explanation. As always the groups can be separated by one or more double bonds, 
and the extent of the neutralisation depends on the affinity of the nitrogen and oxygen, or 
what corresponds to them in other examples, for their respective charges. 

The Condition of Molecules in the Resting State . — Both Lapworth and the lecturer postulated 
a certain degree of polarisation in normal molecules of an unsymmetrical nature, but paid 
little attention to the matter because their chief concern was with reactions. The existence 
of electromeric displacements in the normal molecules of the conjugated complexes was, how- 
ever, always mentioned in lectures in various centres on these topics and in University teaching 
from 1922. Indeed, the views expressed in regard to neutralised systems such as the amides, 
and the references to their physical and chemical properties, were meaningless without this 
assumption. 

In the case of certain classes of compounds the idea was emphasised, and the pyrones, 
for example, were recognised as intermediate between the fully polarised hydroxypyryliiim 
betaine and the usual neutral formula (Armit and Kobinson, /., 1925, 127, 1004) : 


M- 


C) 

() 



|j 1 V [y-|)vr<)iie 

li li 

Y 

*\y 

if 

O" 

!l 

O 


Arndt, Scholz, and Nachtwey (Ber., 1924, 57, 1903) put forward a similar view of Zwischen- 
stufe " based on the properties of a series of thiopyrones. They did not interpret their hypo- 
thesis in terms of electronic displacements. 

Another wa>^ of representing the matter is to say that the pyrones are normally 



and it will be noticed that this is merely a neutralised system of ester type, "O — CO“, in which 
a double bond is interpolated in tw'o places. There is, however, the additional circumstance 
that the pyrylium nucleus is aromatic, and that was considered to be an important factor 
in producing a closer approximation to the p 3 rrylium betaine than would otherwise be the case. 
Ingold and Ingold (/., 1926, 1310) introduced the convenient term ” mesomerism ” for 
this electromeric effect in normal molecules, and an outstanding contribution on the experi- 
mental side was made by L. E. Sutton. Using the method of measurement of dipole moments 
he was able to recognise the mesomerism of many aromatic compounds containing hetero- 
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enoid and catio-enoid systems as well as those in which both are present and may be partly 
neutralised. The direction of the mesomeric displacement was not necessarily in the same 

sense as the dipole. Thus the dipole in chlorobenzene was in the direction as the 

theory of the general effect demands. A small counteracting mesomeric effect 

was detected by comparison of the moment of chlorobenzene with that of /eW. -butyl chloride 
[Proc. Roy, Soc., 1931, 183, 668). This work was a remarkable physical confirmation of the 
validity of the hypotheses which have briefly been expounded, for it was found that all op- 
directive groups examined increased the density of electrons in the aromatic nucleus and all 
m-directive groups decreased it. Methods for determining the occurrence and extent of 
mesomerism have been developed by Pauling and others, but they belong to the modern 
period. The device of writing down the possible structures and estimating the contribution 
which each makes to the actual condition of the molecule is a calculus and not a theory of 
structure, though it has often been misunderstood as such. 

Conclusion . — ^Many important tributaries have been omitted from this account and the 
river has not been followed to the sea. Thus the work of Claus, Werner, and Flurscheim 
had a most important influence on the thoughts of chemists. Fliirscheim's development of 
the theory of alternating and variable affinity was especially valuable. It gave the results 
now regarded as correct in many cases, as in the hetero-enoid systems : 




available affinity. 


but failed to meet our requirements in the catio-enoid systems : 

. available affinity 

><5 


o' 


The speculations of Vorlander and Fry likewise contained useful detailed suggestions but 
were eventually seen to be out of the direct line of progress. The lecturer has perforce had 
to omit all reference to the stereochemical aspects, such as the Mills-Nixon effect, to W. Baker’s 
applications of chelation, to tautomerism, dissociating systems, and molecular rearrangement, 
as well as to many other topics of great interest. In particular he has not mentioned the 
neutral free radicals and atoms, which can be anionoid, or cationoid, or homopolar. 

It seems peculiarly appropriate that a Faraday Lecture should deal with molecular electrical 
phenomena, although they are of a very simple kind, in relation to properties of the derivatives 
of benzene, a substance which Faraday discovered. We owe to him the first studies of 
dielectrics and as a twig from this tree we take the measurement of dipole moments. Above 
all he was a great electrochemist and was convinced that electricity and chemical affinity 
could be identified. His Laws of Electrolysis, considered from the point of view of atoms 
and ions, bear much the same relation to the atomic theory of electricity that the Law of 
Multiple Proportions bears to the atomic theory of the elements. 

In the Faraday Lecture of 1881, Helmholtz said : Now the most startling result of Faraday’s 
Law is perhaps this. If we accept the hypothesis that the elementary substances are composed 
of atoms, we cannot avoid concluding that electricity also, positive as well as negative, is 
divided into definite elementary portions which behave like atoms of electricity ”. 

The logic is inescapable and yet we must admire the acumen and courage of the remark. 

Without forgetting the work of Volta, Davy, and Berzelius, and of many other real pioneers 
in the middle and later periods, we are right to honour the memory of Michael Faraday, the 
most illustrious of the founders of a science of electrochemistry. 
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239. Theory of Chromotogra/phy. Part II.* Chromatograms of a 

Single SoltUe. 

By E. Glueckauf. 

Chrociatograms of single solutes, in particular the case of sigmoid isotherms, are treated 
theoretically and measured experimentally. The form of the chromatograms resulting from 
the different isotherms and the movement of their characteristic points are shown and calculated 
(see Figs. 1 — 6). Adsorption and exchange isotherms can be calculated from chromatographic 
elution curves (see Figs. 7 and 9). Comparison of an isotherm, determined in this way, with 
directly determined equilibrium values shows a good agreement (see Fig. 5), and the chromato- 
graphic method gives a much larger number of points for less experimental work. 

Symbols : 

c, concentration in milliequivs. per c.c. 

q — f(e), amount of solute taken up by 1 g. of adsorbent (including pore space) in equilibrium with 
c (m.-equiv./g.). 

f*(c) -- q — ac, the amount actually adsorbed on the adsorbent. 

a, pore space per g. of adsorbent (c.c./g.). 

V, volume of developing solution used (c.c,). 

c*', q^, volume and concentration of original solution, and amount adsorbed per g. in equilibrium 
with c®. 

A', distance from the top of the column, measured in g. of adsorbent. 

m ^ amount of solute used (m.-equivs.). 

fi}. amount of solute in the column behind a given point x of concentration c on the rear boundary. 

fjic, amount of solute in front of a given point x of concentration c on the front boundary. 

Indices in italics refer to characteristic points of the chromatogram, shown in the diagrams ; 

u to the undeveloped front {see Fig. 2, A, B). 

w to the front of a fully developed chromatogram {see Figs. 2, C and 6, D). 

.9 to the sharp undeveloped rear boundary {see Fig. 4, A). 

r to the sharp rear boundary of a fully developed band (see Fig. 4, B). 

0 to the point of concentration 0 in a diffuse boundary {see Figs. 2, 4, 6). 

d to the point of concentration c®, ^® in a diffuse boundary {see Figs. 2, 4, 6) . 

/f and € are used for points on a partially diffuse boundary {see Fig. 6). 

(a) Chromatographic Equations for Single Solute Isotherms. — Chromatography is the name 
given to the process of separation by continuous fractional adsorption, because of its earlier 
applications to the separations of coloured substances, though this limitation no longer obtains. 
The normal procedure is to pour a solution of the solutes to be separated on to the top of a 
column filled \vith adsorbent and allow it to percolate into the column, a process which may be 
accelerated by applying suction at the bottom or, better, pressure at the top. After this original 
solution is taken up by the column, and has formed a band, further amounts of pure solvent 
are added at the top, dissolving the band of absorbed solutes from the rear and slowly carrying 
it through the column, a process called development. During the development stage the 
band usually spreads, whereby its local concentration decreases and, as the individual solutes 
move with different speed through the column, partial or complete separation takes place. 

The regions in the front and rear of the adsorption band are called “ boundaries,” and these 
may be ” sharp ” or ” diffuse ” according to the type of adsorption isotherm obtaining for the 
particular case of adsorbent, adsorbate, and solvent. (The boundaries are always diffuse if the 
flow of solvent is too fast to permit local equilibrium to be reached ; see Part IV.) In thecase of 
multiple solutes the word ” boundary ” is apphed to all parts where concentration gradients exist. 

The movement of any type of boundary is governed by the principle of mass-conservation, 
which means that, if we consider the solute content of a very thin section of the chromatographic 
band,, its increase (or decrease) is given by the difference of the inflowing and the outflowing 
solute. 

The movement of the band can be considered in tw^o ways. 

We can mentally fix our eyes on a given particle of the solute. Then this point of fixed 
mass within the band of a single solute, the concentration of which may, e.g., be c®, moves with 
a given amount of solvent v according to (1) (see Wilson, J. Amer, Chem. Soc,, 1940, 62, 1683) ; 

[A*/Ai.]„ = c«/V, (1) 

Alternatively, we may follow the movement of a point of constant concentration in a diffuse 
boundary (see Fig. 2, C, curve A — B), which is described by equation (2) (see De Vault, ibid., 
1943, 65, 632; Weiss, 1943, 297) : 

[A^/Ao], = dc/rff<„=l/f',„ . . . 

* For Part I, see Proc. Roy. Soc., 1946, A, 186, 35. 


( 2 ) 
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Slightly more complicated are the conditions in the case of sigmoid isotherms. These are 
particularly frequent in ion-exchange S 3 rstems on zeolites, permutites, and exchange resins, in 
cases where both ions are taken up with similar affinity (see, e.g,, Rothmund and Komfeld, 


Fig. 45. 



Exchange isotherm of H+ and Cu+ *' on Zeo-carh H.I. for a total concentration in solution of 0*25n. 

Abscissa : Cu++ concentration in solution {milli-equiu. per c.c.). 

Ordinate : Cu content of zeo-carb {milli-equiv. per g. of zeo-carb). 

Curve : isotherm obtained from chromatographic data. 

Points : isotherm points from direct equilibrium measurements. 

Z, anorg. Chem., 1918, 108, 129, for the case of Na~NH 4 and Ag-Tl). Though two ions are 
involved in any isotherm, they can nevertheless be treated as simple systems, for, under the 
conditions of constant total concentration existing during the elution process, there is only 


Fig. 6. 



Development of a band of solute with sigmoid isotherm, 

(A) Original band. (C) First stage of development completed. 

(B) Development incomplete. (D) Complete development. 

one freely variable concentration. Bands in every respect identical with those produced by 
adsorption phenomena are obtained by using a solution of the original cation of the permutite 
as developing agent. 

In the case of sigmoid isotherms, chromatograms are obtained which, at first, have partly 
diffuse and partly sharp boundaries both in front and rear. In the later stages of the develop- 
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ment, however, their form changes to one of the cases treated above, according to the curvature 
of the isotherm at low concentrations. 

If the isotherm is concave towards the ^;-axis at low concentration (see Fig. 5), which is 
usual in exchange equilibria on permutites, the original band after formation has a form shown 
in Fig. 6A, assuming the form of Fig. 6B after development. 

The frontal concentration shown in Fig. 6A, B, C, is defined by the two conditions of 
movement for the front boundary : 

[^/]ey const. = 4" 

(see equation 1) for the diffuse edge, and 

= + ( 11 ) 

(see equation 1 or 7) for the sharp front. The combination of these two equations leads to the 
condition for Cf : 

^\cf) = (12) 

The rear concentration is defined by the conditions of mass conservation : 

^jx = Af^ol^C = (f(<^) ^e) (13) 

(corresponding to equation 1), and by the movement of a point of the diffuse rear boundary of 
constant concentration ; 

= (iiO 

resulting in 

~ (V) ~* ^«) (14) 

It follows from (12) and (14) that the concentrations and Cj can be obtained very simply 
from the adsorption isotherms. They represent the points where the tangents from the points 
c = 0 and c = c® touch the adsorption isotherm (see Fig. 5). 

The first stage of development, when the original concentration disappears, is completed 
when overtakes x^. Thus 

Vd,. = “ fV.)) ( 16 ) 

With further development the diffuse rear band continues to increase in quantity at the 
expense of the rest. With the fall of (see Fig. 6C) is connected a slow rise of c\. When x^ 
catches up with Xj (see Fig. 6D), is given by the condition 

~ (^<c/) ^'e) (16) 

From this point onwards the chromatogram behaves like a fully developed band in case (a), 
and equations (2), (2a), (3), (4a), and {4b) apply. The position of the band at this point is 
given by (4a) and (46) with == c'^. If the isotherm is known, c'g can be obtained by drawing 
a tangent (not shown in Fig. 5) from which touches the isotherm in c'g. 

In the case of sigmoid isotherms which are concave at low concentrations (as found for 
some dyes in aqueous solution when adsorbed on alumina), similar conditions arise but with 
the bands in a reversed position. 

An interesting feature attaches to the point of the exchange isotherm (see Fig. 6), where 
the latter is intersected by the diagonal of the phase rectangle. At this point 
and, consequently, this composition shows all the characteristics of an azeotropic mixture. 
This has the result that if, e.g., a solution of 0T05 n-CuSO4 + 0*086 n-H 2S04 is poured on Na- 
Zeo-karb H.I., no separation of either copper sulphate or sulphuric acid takes place at the front 
boundary until full development has taken place. 

(b) Determination of Sigmoid Adsorption Isotherms from Chromatographic Data , — It is 
apparent that, in both types of sigmoid isotherms, the chromatogram nowhere contains concen- 
trations between c\ and so in this case it is not possible to calculate the whole of the adsorption 
isotherm from a single chromatographic experiment. Fig. 7 shows the concentrations in the 
eluate obtained when 0‘26 n-CuSO 4 solution is passed through a column containing 6 g. of acid 
Zeo-karb H.I. and subsequently eluted with 0*26 n-HC1. 

The elution curves were registered automatically by measuring the conductivity of the solu- 
tions with a recording microammeter. The arrangements of the circuit used are shown in 
Fig. 8. The only operations necessary were occasional measurements of the quantity of eluate, 
so as to correlate it with the time scale of the recording instrument, and the determination of 
the end concentration and of the residual cupric or hydrogen ion in the column at the end of the 
elution process when the concentrations had become too low to be measured accurately with 
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the recorder. (The residual cupric ion was eluted with 2 N«HaS 04 , which removed it quickly, 
and then titrated.) To avoid non -equilibrium phenomena, the permutite material was ground 
to a grain size of 0*02 mm. diameter. 

Fig. 7. 



Measured elution curve of a solute with sigmoid isotherm. 
Abscissa : volume of eluate {c.c.). 

Ordinate : concentration of eluate, milliequiv.jc.c. 
{Compare with the hand shown in Fig. GB.) 


Fig. 8. 



Arrangement for the automatic registration of concentrations in the eluate. 

(A) Recording fi-ammeter (0 — 100 fiA.) 

(B) Full-wave rectifier. 

(C) Neon voltage-stabiliser. 

(D) Capillary with Pt electrodes for resistance measurement of eluate, 

(E) Condenser 2/ui F. 

(F) Constant level for constant dropping speed. 

(G) Column filled with 5 g. of Zeo-carb. 

(R) 6000 Q resistance. 


The eluate consists at first of 0*25 n-H 2SO4. The front of the copper arrives at a threshold 
volume Vi *= 29 c.c. Its concentration rises sharply to a value of » 0*226, as one would 
expect from the theory (eqn. 12) which fixes this concentration as the point where the tangent 
from the origin (c «« 0), touches the isotherm (see Fig. 6). Thence the concentration rises 
asymptotically to the original value r® s® 0*26 milliequiv./c.c. 
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After passing a sufficiently large amount of copper solution through the column to convert 
the zeo-karb completely into Cu-zeo-karb, this "undeveloped band" was now "developed" 
with 0*25N-HaSO4, whereby the rear boundary of the copper band was obtained. Here, too, 
the concentration fell at first sharply to a value of = 0*060 milH-equiv./c.c. [which again is 
in agreement with the theory (eqn. 14), representing the point in Fig. 6 where the tangent from 
the point c® = 0*26 milliequiv./c.c. touches the exchange isotherm]. With continued elution, 
the copper concentration exhibits the normal behaviour and falls asymptotically to zero (see 
Fig. 7). 

Thus the greater part of the isotherm, between = 0 060 and = 0*225, cannot be calc- 
ulated from the chromatographic data of this experiment, as these concentrations do not appear 
in the chromatogram. Boundaries covering the whole concentration range can, however, be 
obtained by saturating the column with solute of the concentration {c^ existing at the point 
of inflexion (or near by), and then (i) eluting with pure solvent (acid) and (ii) saturating the 
column with the concentration From the first experiment (elution of a copper band) results* 
a diffuse rear boundary which permits the calculation of the adsorption data between and 0 ; 
in the second case (elution of an acid band) is obtained a diffuse boundary between and c®. 

Fig, 9. 



Measured " elution curves " of a solute with sigmoid isotherm^ suitable for determination of the 

isotherm by means of eqn, (3) or (4). 

Table I. 


(From curve A, Fig. 9.) 


V (obs.). 

c (obs.). 

Afj.. 

ft. 

{v — ax)c. 


i*Cc). 

14*6 = Vt 

0140 

0-56 

3*62 

M9 

4-81 

0-962 

191 

0103 

306 

1*35 

4*41 

0-882 

24-9 

0066 

0*49 

2-57 

1-25 

3-82 

0-764 

30-6 

0044 

0-31 

2-26 

108 

3-34 

0-668 

36*4 

0033 

0*22 

204 

100 

304 

0-608 

42- 1 

0028 

0’17 

1-87 

101 

2-88 

0-576 

63- 1 

0010 

0*40 

1-47 

0*57 

204 

0-408 

166 

0005 


0 73 

0-80 

1-53 

0-306 


Table II. 

(From curve B, Fig. 9). 


V + u". 

€, 

Aft. 


(u H- V® — ax)c. 


f^w* 

16-3 = V 

0140 

A 1 O 

214 

1*30 

4*81 

0-962 

16-6 

0-166 

U*lo 

2-32 

1*74 

5*08 

1*016 

18-6 

0-200 

0-37 

2-68 

2-50 

5*47 

1-094 

204 

0-213 

0*41 

3-07 

3-07 

5-65 

M30 

26-6 

0*227 

1*17 

4-19 

4-45 

5-91 

1-182 

340 

0*237 

2*04 

6-16 

6-71 

6-21 

1-242 

OO 

0*250 


— 

— 

7-50 

1-500 

Italicised values are measured 

directly. 

Other values of cols. 1, 2, 3 are taken from the 

registered 


elution curves. Col. 6 in Table I is the sum of cols. 4 -f 5. Col. 6 in Table II is (6‘66 + col. 5 — col. 4). 
The figure 6*66 represents (!*(„•) + ac^)x, i.e., the amount of solute in the column at the time of the 
change-over. Aft is the eluate between two evaluated points, i,e., the product of and the average 
concentration. The amount ft left in the column is obtained by adding all the Aft's to the amount 
finally left in the column and measured directly. 
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In either case no discontinuous rear ” boundaries are obtained, because from this point (Ci) 
no tangent can be drawn to any other part of the isotherm. 

The elution curves shown in Fig. 9 A, B are obtained in the following way : Through a 
column of acid Zeo-karb (6 g.) was passed a solution of 0T4 n-CuSO 4 + OTIN-H2SO4 which 
approximately corresponds to the mixture at the point of inflexion of the isotherm. The copper 
arrived in the eluate with a sharp front boundary {v^ = 40 c.c.). Then the solution was 
changed, 0*25 n-H 2SO4 (see curve A) being used for the elution of the copper, and (see curve B) 
in a second experiment 0*25 n-CuSO 4 for the elution of the hydrogen ions. In either case a 
diffuse rear boundary was obtained beginning at about 14*5 and 16*3 c.c. respectively after the 
change-over. 

From these two curves the complete exchange isotherm can be calculated. Curve A can 
be evaluated according to eqn. (3) : 

fV) ~ + (t' ~ o:^)c]lx (see Table I). 

Curve B can be evaluated in two ways : It can be considered as the rear boundary of a 
hydrogen-ion band, and then eqn. (3) applies, with c referring to the hydrogen-ion concentrations. 
Alternatively, it can be considered as the partial front of a pure copper-ion band moving against 
a mixed solution, in which case eqn. (4) applies [though with some modification on account 
of the chromatographic tube containing originally some Cu Integration for these 

conditions leads to ; 

f*w = + [(t* + t-® - aje)c - [tillx 

where is obtained from Table I, or from the threshold volume = 40 (frontal line A'B' of 
Fig. 9) by means of 

f*(c«) = — (kCq (see eqn. la). 

From the experimental data (i;< == 40"0 c.c., Cq = 0140, x = 5 g., a~ 1*20 c.c./g.) follows a 
value for f^^^o) = 0*953 milli-equiv./g., in good agreement wdth 0*962 found from Table I. The 
agreement of the equilibrium values of the exchange isotherm calculated in Tables I and II is 
shown in P'ig. 6. Here the continuous curve represents the isotherm obtained by the chromato- 
graphic method, and circles mark points determined by direct equilibrium measurements. The 
obvious advantage of the chromatographic method of measuring isotherms, especially if the 
concentration of eluate can be measured continuously, is that a single experiment gives au 
almost unlimited number of equilibrium points of the isotherm. 

(c) Gas Adsorption Columns (added in proof, August, 1947). — The considerations about 
the distribution of solutes in an adsorption column apply equally to the case of gases adsorbed 
from an air stream in adsorption columns. In the recently published experimental observ- 
ations of Barrow, Danby, Davoud, Hinshelwood, and Staveley (this vol., p. 401), the different 
cases of Figs. 1 and 2, A and of Figs, 3 and 4, A are found when air containing carbon tetra- 
chloride and water vapour respectively is passed through a charcoal column. The removal 
of the adsorbates from the column by passing clean air through (see their Figs. 7, 8, and 11, 
12) corresponds to a development •with pure solvent and is represented by Figs. 2B, C and 4B 
of this paper and by the corresponding equations. The above-mentioned experiments wdth 
gases also show^ clearly the effect of non-equilibrium phenomena, which are more fully 
discussed in Part IV. 

Durham Colleges in the University of Durham. [Received, November 20//r, 1946.] 

240 . Theory of Ghrornalogra/phy. Part III. Experimental Separation 
of Two Solutes and Comparison with Theory. 

By J. I. Coates and E. Glueckauf. 

The results obtained in Part I (Proc. Roy. Soc., 1946, A, 186 , 36) for chromatograms of two 
solutes are summarised in Tables I — V, giving the features and movements of the important 
parts of binary chromatograms (see Pdg. 1) at various stages of the development. The results 
are given both for the general case and for the special case of the Langmuir isotherm. 

The agreement of these calculations with quantitative elution experiments is shown for a 
chromatographic separation of Cu++ and Mn++ on Zeo-karb H.I. (see Fig. 2, 3, and 4), the 
exchange of which follows approximately an isotherm of the Langmuir type. 

(a) Summary of Part I. — A normal binary chromatogram has, according to whether it is fully 
developed or not, a distribution of solutes as shown in Fig. 16 and la, respectively. (Some 
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modifications may occur if the isotherm has an infinite slope at zero concentrations, as, in 
^ the case of the Freundlich isotherms ; see Part V.) The movement of any given point of such a 
chromatogram can be given in general mathematical terms, but only in the case of the Langmuir 
isotherm (see eqn. 1) can the essential differential equation (2), defining the relationship of 
coexistent concentrations and in the mixed band, be solved. Once this function is known 
for a given case of initial concentrations Cj® and the adorption isotherm qi = fi(^^i» ^ 2 ) 
replaced in the mixed band by the pseudo-isotherm (eqn. 3), so that the problem 

is thereby reduced to the case of a single solute isotherm. In this way the difi&culty mentioned 
by de Vault (/. Amer, Chem. Soc., 1943, 65, 632) of obtaining the full differential dfuc^cj^^i 
is being solved. The essential data for the development of a binary chromatogram are given in 
Tables I — ^V, with full reference to the corresponding parts in Fig. la, b. In these tables, the 
pore space of the adsorbent has not been considered. Correction for this can be made by 



Diagrammatic representation of binary chromatogram (a, partly developed', b, fully developed), showing 
the amounts and qg adsorbed per g. of adsorbent at various distances x from the top of the column. 
The subscripts and figures are referred to in Tables III — VII giving quantitative inform aiton on the move- 
ments of points and boundaries. 

The pure front band of solute 1 and the pure rear band of solute 2 are hatched. 

substituting {v — ocat) for v, or by replacing f^^ by ccc, whichever is more convenient. The 
equations may be used for the calculation of both chromatograms and elution curves according 
to whether they are applied to a constant value of v (giving a relation between the “ length " 
X and c) or to a constant value of x, the total adsorbent in the column (giving a relation between 
the volume of eluate v and its concentration c ) . 

(b) Conclusions of Practical Interest derived from the Equations of Part I for Separation of Two 
Solutes . — (1) For the Langmuir type of isotherm, separation is facilitated by working at high 
adsorption densities, but no advantage is derived from using high solute concentrations when 
the adsorbent is already fairly saturated. 

(2) If this is done, the amount of adsorbent and also the amount of developing solution 

required for complete separation are proportional to {m^ m^, i.e., to the total quantity of the 

solutes. A rough practical rule for the minimum amount of adsorbent required for complete 
separation would be Xo = L^I{AxilAx 2 — 1)® where L® is* the amount of adsorbent taken up 
by the original undeveloped band, and Axi and Ar* are the displacements of the rear of the pure 
single-solute bands produced by equal amounts of developing solvent; Ax can easily be 
determined if the pure solutes are available. More than the amount is required for a good 
spatial separation of the bands. 

(3) If solutes are so difficult to separate that no complete separation, but only enrichment 
can be achieved, it is always an advantage to develop with a solution containing a third and 
more strongly adsorbed solute of at least equal concentration. Here the amount of adsorbent 
required to separate the solutes is approximately only = L^I{AxilAx 2 — 1) but, as the 
two bands do not separate, a mixed band always remains on account of non-equilibrium effects 
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(see Part IV). The displacements Ax^ and have to be determined in the absence of the 
third solute. It is obvious that development with a third solute gives the advantage of requiring 
shorter columns only if (Axi/Ax^ — Other advantages of using a third solute, like the 

greater mobility in the case of very strongly adsorbed solutes, are independent of this 
consideration. 

Experimental 

The experiments were carried out with columns containing 60 g. of acid Zeo-karb H.I. The 
attainment of equilibrium (see subsequent paper) is of particular importance in the case of 
chromatography with ion exchangers, for the diffusion in these is somewhat slower than. e,g,, in alumina. 
However, by using a grain size of 0*01 mm. diameter and a flow velocity of 0 001 cm, /sec. (corresponding 
to one drop in two minutes), elution curves were obtained which were even better than those obtainable 
with the apparently faster alumina of equal grain size. This seems to be due to a different effect 
altogether. Acid Zeo-karb when taking up larger ions like copper or manganese, undergoes a noticeable 


Table I. 

Fundamental equations. 


Adsorption isotherm 

Condition for coexistent con- 
centrations in the mixed 
band 


Pseudo-adsorption isotherms 
in mixed band 


Movement of a given mass- 
point of solute 1 (and vice 
versa for solute 2) in the 
mixed band 

Movement of point of given 
concentrations c^, in a 
diffuse boundary 

Amount of solute in the 
chromatogram between the 
points of concentrate c and 
c = 0 (c within the mixed 
band) 


General isotherm. 

^f*(«i6a)/d^^a can 
be integrated graphically 
for a given case of and 
Cg® (see Part V) 


qi == 
<i2 


Langmuir isotherm. 

^i^i/(l "i" 4“ ^2^*) 

^2/(1 + ^1^1 -f &2^2) • 


( 1 ) 


— (^2"“” ^i)^/(l 

where A can be obtained from the same 

equation with Ci = and 

In the following, A is considered a 


known constant 


(2) 


r obtainable from 


Fi(ej) 

== F2(e, 


relationship 
between coex- 
istent values 
of Cl and Cg 




m. 


' ^l/^KciCg) — ^l/Fi(c,) 


Ai ai{l -b A)/(l -b A + S) 

Bi - bi(l + A)/A 

— ai(l -{- 8)(1 -f- ^)/(l + A + 8) 

- 62(1 -f A) 

8 « (a* - aj)/fli ... (3) 

= (!-{- biCi -f biC^jui 

^(l+BiCi)lAi . (4) 




w 1(0-45) 


Xl 




Same 




(l-f^^Ca)*/^* (5) 

(6 


Table II. 

Important concentrations in the chromatogram (see Fig. la, b), 

I.angmuir isotherm. 


General isotherm. 

Obtainable from graphical integration 
Obtainable from 

^2® UifixW) 


Cgo — b/Bg 

Cjj = Ci®(l -f- A)/A 


Obtainable from 

V = mg-. 


F', 


= y/(mglBgV) 


(7) 

(8) 

W 


a(e,i 


C 1, 


Obtainable from c^ by means of the graphic- c j, 
ally obtained Ci^ Cg relation 

Obtainable from Cg^ by 

Obtainable only by graphical evaluation 
according to 


' Maiftg/flg&OCjjw — X{ag ■ 
' ^(^'2*e — ^20) 


c'l^ ~ ^i«»(l + X)IX . 
~ 4* Ogfg — Cjo 


ai)lagbi(\ ^ X) ( 10 ) 

. . ( 11 ) 


J*, 


Ml 


(12) 


The corresponding values of q are obtainable from c by means of eqn. (1). 
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Table V, 

Conditions for complete separation. 

General isotherm. Langmuir isotherm. 

Minimum amount of adsorbent .)) = .... (24) 

required * !::! (wj •+• 

Minimum volume of develop- V «= Wj/CF^te > — Cjo) ^ (26) 

ing solvent required i ^ ^ fn^bgjh^ 

swelling, which has a stabilising effect on the front boundary of the ion band. For instance, if one side 
of the boundary should get in advance of the rest, the flow resistance on this side increases on account of 
the swelling, so that the other parts of the boundary can catch up. The effect is so marked that ^ ion 
band can be passed through aim, column of 1" diameter, without showing a noticeable tilt in the 
circular front boundary. 

Fig. 2. 





V. 


Eluted chromatogram {fully developed) for partial separation of (1) Mn++ and (2) CU++ on 60 g. of Zeo-karb 
HJ. Development with In-HjSO*. Experimental conditions : m^ = 0*6 milliequiv., = 2*0 
milliequivs., c^® = O’In, Cj® = 0‘4n. Isotherm constants : a^ = 2*12, b^ = 2*3, a, == 2-35, b, = 
2*66. a == 0-7 c,c.Jg, Grain size of Zeo-karb 0-01 mm. Flow velocity ^100 c.c. jM hours. Note the 
exceedingly sharp front boundary due to reduction of non-equilibrium phenomena. 

(13) Elution curve calculated with the equations of Tables I — 111 for a Langmuir isotherm with the above 
constants. 

The columns used had a diameter of 1 cm. and were filled with suspended acid Zeo-karb H.I., the 
usual method of tapping and stuffing being employed. Equally good results were obtained if the tubes 
were filled with large quantities of material at a time, these being allowed to settle while the whole tube 
was subjected to constant vigorous vibrations by means of a bell movement clamped to the tube. This 
method saves much labour with large tubes and produces a very uniform sedimentation of the particles. 

The elution cur\'es were obtained by collecting, with an automatic device, fractions of the eluted 
solution, and analysing these by titration. Within the limits of the analytical error, the recovery of the 
solutes from 60 g. of Zeo-karb appeared to be 100%, but varying losses were obtained when working 
with alumina (see also Jacobs and Tompkins, Trans. Faraday Soc., 1946, 41, 403, Fig. 4). 

Results . — Considerable difficulty was experienced in finding a binary system which follows a Langmuir 
isotherm (see eqn. 1). The nearest approach was found in the exchange isotherms of cupric, manganese, 
amd hydrogen ions on exchange resins (Zco-carb H.I. and H.I.P) for In. and higher total concentrations, 
and then only when more than 60% of hydrogen ions were present. For a lower hydrogen-ion ratio, 
the isotherm attains a sigmoid form, and for lower total concentration it changes increasingly towards the 
Freundlich type (see Part II, Fig. 5). However, within the region of 

[Cu] 4- [Mn] <[H] 

and [Cu] -f- [Mn] -b [H] = I milliequiv./c.c. .... (26) 

the exchange isotherm can be well represented over the greater part of its course by equations of the type 

- ifi[^In]/([H] 4 K,[Un] 4 i^ 4 [Cu]) (27) 
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Fig. 3. 



Elution curve for two solutes (development incomplete.) 

Eluted chromatogram (" development ** incomplete) of ( 1 ) Mn'*-+ and (2) Cu++ on 60 g. acid Zeo-karb H.l. 
Development with IN-H 2 SO 4 . Cj® — 0-23 n, = 0*16n. 


Fig. 4. 


OBSERVED 



CALCULATED 

djXsJlS bi-fh5 
a2X^227 bi^lS'O 
ax •42C.C. (x ^60g.) 




Observed and calculated rear boundary effects for different ratios of the initial concentrations Cj^/cg®. Note 
that the form of and amount separated in the pure rear hand depends on Ci®/c 2 ®. Calculation acc. to 
Tables I — IV, 


and vice versa for ^ou* Eliminating [H] by means of the condition of constant total concentration (eqn. 
26) we obtain Cu-*Mn isotherms 

qun - Ki[Mn]/{l + (K, - l)[Mn] + (K^ ~ l)[Cu]} 


28) 



1314 


Theory of Chromatography. Part III. 

and similarly for ^ca- These equations are formally identical with the Langmuir isotherm 
(eqn. 1). 

At the very lowest metal concentrations [(ci -f c,) <0'03 n], rather more metal ions are taken up 
than correspond to the rest of the isotherm, which means that at the lowest concentrations all 
the constants a and b become larger. 

Apart from reasons of their simple determination, copper and manganese had been chosen because 
they represent solutes which are, on this adsorbent, very difficult to separate. Their exchange affinities 
differ less than those of nickel and cobalt on alumina and they thus afford a particularly stringent test 
for both theory and practice. 

Fig. 2A shows the measured elution curve of a manganese-copper separation in a column 1 m. long 
containing 60 g. of acid Zeo-karb H.I. In s^ite of the considerable length of column and the consequent 
increase of all disturbing factors, the theoretically vertical front boundaries were found to be exceedingly 
sharp — not only did the self-sharpening front boundary of pure manganese rise up within 1 c.c. of eluate. 
but even the practically non-self-sharpening front twDundary of the copper against the frontal band of 
manganese is almost completely contained within 2 c.c. of eluate. It can therefore be assumed that 
equilibrium is almost complete at every point of the column. (For a detailed discussion on non-equili- 
brium phenomena at boundaries, see Part IV.) 

Fig. 2B gives the elution curve calculated on the ba.sis of the given constants (see legends of Fig. 2) 
by means of the equations deduced in Part I {loc. cit.) which are summarised at the beginning of this 
paper. In these calculations the pore space a = 0*7 c.c./g. of adsorbent, which had been determined by 
direct measurement, has been taken into consideration. 

The agreement between experiment and calculation is quite good except at the tail end of the 
chromatogram where the concentrations are very low and where, as mentioned before, the constants of 
the isotherm become larger. As a result, the tail is considerably longer than would be the case for a 
“ pure ** Langmuir isotherm and the concentration {c 2 o) at the front of the pure rear band of solute 2 is 
consequently reduced. Agreement is particularly good for the front part of the chromatogram, in 
particular for the threshold volume, and the sharp rise in the concentration of solute 1 at the inter-front 
(at V 36 c.c.), which is to be expected for solutes of very similar adsorption affinity, is clearly shown. 

The not inconsiderable disagreement in the details of the rear boundaries is of particular interest, 
because it shows the enormous sensitivity of the form of the rear boundary against minor variations in 
the form and shape of the isotherm. 

If the isotherm is calculated from the rear boundaries of both the experimental and the calculated 
elution curve on Fig. 2, the two isotherms are practically indistinguishable between the concentrations 
of ()-02 to 0 09 milliequiv./c.c., as is seen from the following data : 

qoa (milii-equiv./g. of Zeo-karb). 

[Cu]. Calc, from exp. chromatogram. Calc, for Langmuir isotherm. 


0093 

0*176 

0175 

0065 

0130 

01315 

0038 

0083 

0 0835 

0019 

0046 

0044 

0006 

0017 

0014 

0002 

0007 

0-006 


The difference at the very lowest concentrations, which are practically inaccessible to ordinary 
equilibrium measurements, can thus with the greatest ease be recognised and calculated from the rear 
boundary of a chromatogram. 

It is apparent therefore that, with the exception of threshold values, there is little hope of being able 
to calculate the shape of chromatograms if only the approximate forms of the isotherms are known. 
The value of the theory lies rather in the opposite direction in that it provides a convenient tool for the 
calculation of the isotherms, in particular of multiple isotherms from chromatographic data. 

An example of a chromatogram where ** development has not been completed is shown in Fig. 3, 
Here the two front boundaries rise up steeply within about 3 c.c. of eluate. There follows 
the flat non-developed section, after which a rapid fall in the concentrations of both solutes takes place 
which, owing to small deviations in the isotherm, is again sharper than one would expect for the Langmuir 
type. 

Fig. 4 shows the details of a few measured rear boundaries. Though relatively less important for 
the technical separation, these rear parts form a good test of the theory. Both and the amount 
/tig separated at the rear are, according to the theory, dependent on the ratio of the initial 

concentrations, which in these three experiments have been varied over a wide ratio. The agreement 
between the calculated and the observed elution curves is as good as can be expected. Not only 
and fig, but also the form of the rear band of pure solute 2 and the position of the point where solute 1 
becomes zero, clearly show the trend demanded by theory. 

Durham Colleges in the University of Durham. 


{Received, November 20/A, 1946J 
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241. Theory of Chrormtogra'phy. Part IV. The Influence of 
Incomplete Equilibrium on the Front Boundary of Chromatograms 
and on the Effectiveness of Separation. 

By E. Glueckauf and J. I. Coates. 

It is shown that in the chromatographic column, under the usual working conditions, com- 
plete local equilibrium is not obtained. A theory is developed for the effect of incomplete 
equilibrium on chromatographic boundaries, and the form of observed boundaries agrees 
with those calculated. On decrease of grain size and flow velocity, equilibrium becomes more 
complete, and then some chromatographic sei>arations can be effected w'ith ease which are 
impossible by the usual methods; e.g., the separation of nickel and cobalt ions on alumina. 

(a) Chromatographic Boundaries. — The influence of incomplete local equilibrium is very 
similar to a diffusion effect and so shows itself most markedly at the boundaries of the chrom- 
atograms where high concentration gradients exist. Normal binary chromatograms when fully 
developed have, in the absence of disturbing effects, the form shown in Fig. 1 of the preceding 
paper. We may distinguish here two types of boundaries : (i) sloping rear boundaries such as 
AB, CD, and C'B', and UQ, and (ii) sharp front boundaries such as the threshold boundary 
HG or PQ and the inter-boundary EF, E'F' or LK, L'K' which is the front of solute 2. As 
has been shown by De Vault {J. Amer. Chem. Soc., 1943, 65, 532) the two front boundaries 
have normally {i.e., for isotherms concave against the c-axis) self-sharpening properties. This 
means that, even if by some artificial means HG were made sloping, it would again become 
vertical during the process of development — at least theoretically. This self-sharpening tend- 
ency increases with the curvature of the isotherm and it is nil for linear isotherms (see 
De Vault, eqn. 7), 

In the case of the threshold boundary HG, the self-sharpening effect is usually very con- 
siderable, as linear single-solute isotherms are rare. In the case of the inter-boundaries EF 
the corresponding function depends essentially on the “ exchange isotherm between the 
two solutes. If the two solutes are very different and easily separable, this boundary, too, 
usually shows considerable self-sharpening, but if the tw'o solutes are very similar, the exchange 
isotherm is practically linear and then this effect is negligible. The inter-boundary is then 
referred to as a non -sharpening front boundary. 

(b) Attainment of Complete Equilibrium. — In order to study the effect of non-equilibrium 
and diffusion phenomena, chromatographic elution curves w-ere measured, using adsorbents 
of different grain size. The adsorbents were ground to a diameter as low as 0*01 mm. (as 
compared with the commercial grain sizes of about 0*08 mm.), and a uniform grain size was 
obtained by elutriation in air streams of varying velocity. 

The flow rate of the solvent in the chromatographic column was varied from 0*001 cm./sec., 
which means 1 drop in 2 mins, for a tube of 1 cm. diameter, to the usual flow rates of 10 — 60 
drops per min. 

Systematic experiments showed that the quality and sharpness of non-sharpening inter- 
boundaries, e.g., such as between copper and manganese ions on Zeo-karb H.I. or H.I.P., 
continuously increased with reduction of grain size and flow rate. There must be an optimum 
flow rate, as the latter can obviously not be infinitely decreased without introducing disturb- 
ances on account of diffusion. But this latter effect is so small compared with the non- 
equilibrium effect and other disturbances that even at the lowest flow rates used an improve- 
ment was still noticeable compared with faster flow rates. 

Under the conditions mentioned above (d = 0*01 mm., F = 0*001 cm./sec.), we were able 
to obtain, for a column of 1 m. length, non-sharpening inter-boundaries between 0*6 and 1 cm., 
and self-sharpening front boundaries extending on one occasion over only 0*10 cm., the former 
corresponding to 0*6 — 1%, the latter to 0*1% of the threshold volume. 

That these conditions are not obtained with the usual practice can be seen from Fig. 10a 
of Weil-Malherbe (/., 1943, 303), which contains about the best chromatographic experiments 
published. Here a non-sharpening front (benzpyrene on silica gel) extends over 25% of the 
threshold volume, and a strongly self-sharpening one (benzpyrene on alumina) over 12% of 
the threshold volume, A check on the form of non-sharpening front boundaries is therefore 
essential in all experimental work connected with the study of elution curves and, in particular, 
in such cases where elution curves are used for the calculation of adsorption equilibria (see 
Glueckauf, Nature, 1946, 156 , 748, and Part II). 
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Although it is apparent that non-equilibrium phenomena can easily occur in the case of 
exchange materials, it is not usually realised that the same, though perhaps to a lesser degree, 
also applies to the so-called adsorbents " like alumina and calcium carbonate, as adsorption 
takes place not only on the surface, but also inside the grains. The reason for this is that 
most experimenters investigating the form of bands have worked with single solutes which 
usually have strongly self-sharpening fronts. These maintain a reasonable sharpness even if 
considerably disturbed by non-equilibrium phenomena. Consequently, observers are easily 
deceived by this appearance of moderately sharp fronts, which are usually taken as proof of 
the absence of non-equilibrium phenomena. 

How far the process of wishful thinking can go is shown, e.g., by Jacobs and Tompkins 
(Trans. Faraday Soo., 1945, 41, 401, Fig. 1, Curve A), who convinced themselves — ^with the 
help of the equilibrium curve applied to a diffuse non-equilibrium boundary — that, in spite 
of the very diffuse eluted front which they found, the front of the adsorbate in the column 


Fig. 1, 



c.c. of e/uate before and after centre of boundary. 


Expefimenially measured boundaries, (a) Self -sharpening threshold boundary of N-CoClg solution in 

column of acid Zeo-karb. (X — X — X) (compare with curve calculated for bc° == 10 in Fig. 4). 

(b) h! on-sharpening inter-boundary between frontal band of ^’CoClg and mixed band of ®®CoClj and 

•®CoCla in same column of Zeo-karb (O — O — O) (symmetrical S shape). 

must have been very sharp. By doing so, they overlooked the fact that a sharp front of 
adsorbate moving through the column must deliver the solute at the end in an equally sharp- 
fronted elution curve — simply by reason of the conservation of matter (for details see eqn. 5) . 

The non-equilibrium phenomena, however, become very obvious when fronts are con- 
cerned which have little or no self-sharpening properties, e.g., the boundary of one solute 
against another of similar adsorption affinity. As it is just such a boundary which occurs 
at the point of separation of two similar solutes (boundary EF in Fig. 1 of Part III), these 
non-equilibrium effects greatly reduce the efficiency of the separation. 

(c) Form of the Disturbed Self-sharpening Front Boundary. — No theory has so far been given 
for the theoretical form of a front boundary disturbed by non-equilibrium phenomena in the 
case of a non-linear isotherm. Weiss (/., 1943, 301 ; eqns. 69 — 62 and Fig. 6) has produced 
a schematical representation for the case of a linear isotherm which, however, apart from the 
diffuseness, does not really represent the experimental facts (see our Fig. 1, curve h, showing 
that the measured elution curve of a front boundary for a strictly linear isotherm has a sym- 
metrical sigmoid form. A similar conclusion has also been reached by Klotz, Chem. Rev., 
1946, 89, 243). A satisfactory theory for the case of the linear isotherm has been produced 
by Dr. H. London which, however, has not yet been published. 

In the case of a self-sharpening front boundary caused by a non-linear isotherm, the general 
differential equations become very complicated, but, after the front has travelled some distance, 
a final form is attained which can be represented by a simple equation. Here the effects of 
non-equilibrium and self-sharpening just balance each other. For simplicity the calculations 
are carried out for the imdeveloped chromatogram where the front has the original 
concentration c®. 
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In the case of non-equilibrium, the usual chromatographic equation of mass conservation 
(see Part II, eqn. 2), viz,, 

[Ak/Aat]. = Ai*^Jdc + a (1) 

changes to 

[Aw/A^lc = 6q^l^c 4- a (2) 

where q* is the amount actually adsorbed, the missing amount — q*) being due to dis- 
equilibrium, When at a given point (x) of the front boundary the concentration rises during 
the passage of the front through this point, q* is, with good approximation, represented by the 
equation 

dq*ldt=K{i\^-g*) (3) 

which means that the rate of diffusion into the grains is essentially proportional to the amount 
still required to produce equilibrium. Here iiT is a diffusion ^ctor (the inverse of the time in 
which a grain of adsorbent reaches 1/e of its equilibrium adsorption), and K = DKrid)^, where 
D is the diffusion constant of the solute in the solid material, d is the grain diameter, and 
y)(<1/2) depends on the geometry of the grains. 


Fig. 2. 



(u- Vf)fC/23F 

Self-sharpening front boundaries for solutes obeying Freundlich isotherms q = acP for different values of ]>. 

After competition between the self-sharpening and the non-equilibrium effects has resulted 
ill a final form of the front boundary, the whole front boundary and thus also the point of 
concentration c move with the usual velocity of the sharp undeveloped front boundary 

[Aw/A;*r], = i*^^^)|co + a (4) 

It follows from equations (2) and (4) that in this final state* 

dg*/dc = (6) 

This means that, no matter what the form of the equilibrium isotherm, q* must always be a 
linear function of c. Eliminating q* by means of (5) in (3) and replacing t by vjF (where 
F = flow velocity of solvent, in c.c./sec.), we get 

dc/dv = -0] (6) 

Equation (6) has a particularly simple form in the case of the Freundlich isotherm 

f*(«) = A.cP (7) 

Integration of (6) then leads to the equation for the elution curve of a disturbed self-sharpening 
front (final state) : 

V — Vt = — (c/c«)«-p>] (8) 

Similarly one obtains for the frontal distribution in the column 

SiT^F) ■ 

4q 


(9) 
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where is the most advanced point of the front boundary. Equation ( 8 ) requires that the 
length of the eluted front is independent of the concentration which is perfectly shown in 
Jacobs and Tompkins’s Fig. 2 {loc, cit, p. 402). Equation ( 8 ) also shows the effect of p on the 
slope and extension of the front boundary^ which is demonstrated in the experiments of Weil- 
Malherbe {loc. cit., Fig. 10a), though not quantitatively, since, with the short columns used, 
the final state is not attained for values of p near unity. 

Fig. 2 gives the theoretical curves of eluted front boundaries in the stationary state for 
various values of p. It shows that for small values of the Freundlich exponent p (e,g., p ^ 
the front rises sharply but reaches the maximum (c®) only asymptotically. For comparatively 
large values of p it has a sigmoid form, which for ^ reaches both the values c =s= 0 and 

c == asymptotically. 

Fig. 8. 



Self-sharpening front boundaries for solutes obeying Langmuir isotherm q=sac/(l -f be) for 

different values of be®. 

Equation ( 8 ) also shows that the question of grain size and flow rate comes into play to a 
very marked extent only when very similar substances have to be separated, where the inter- 
boundary is due to an exchange isotherm which, for very similar substances, is almost linear 
(1 ^ p = r^O; thus V — Vf^^oo), No final state is attained by the front boundary when 
p = I (linear isotherm), under which conditions there is no self-sharpening effect, and, con- 
sequently, the slope of such a front boundary continues to decrease indefinitely. 


Very similar conditions arise in the case of tlie Langmuir isotherm 

, = + ( 10 ) 

Here integration of eqn. ( 6 ) leads to the equation for the elution curves : 

V, = 2 (c» - c)lc<>j .... (11) 


The form of the front boundary here depends on 6 c® which, according to the physical inter- 
pretation of the Langmuir isotherm, is the ratio of covered to free adsorbing surface. As can 
be seen from Fig. 3, the self-sharpening tendency increases with 6 c®, i.e., with increasing surface 
saturation. A comparison with Fig. 2 shows that there is a complete parallelism in the form 
of the front boundaries for the two isotherms, small values of p corresponding to large values 
of 6 c® and vice versa. 

The diagrams of two accurately measured front boundaries are shown in Fig. 1, Curve a 
is the eluted front boundary of a 1 n-[CoC 18] band after passing 3g of acid permutite. The 
isotherm is approximately of the Langmuir type with a value of 62 = 1 3 — 4 (thus 6 c® = 3 — 4). 
A comparison with the corresponding calculated curves in Fig. 3 shows a good agreement. 
Curve 6 shows an inter-boundary between a mixture of ®®Co and •®Co against a front-band of 
pure ®®Co, where the rise in the concentration of ®®Co has been measured. As the exchange 
isotherm between the two isotopes is strictly linear, there is no self-sharpening to be expected, 
and the experiment shows, in agreement with the theory, a symmetrical S-form for this front 
boundary. 
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The elution curve of the boundary of the two isotopes was measured by means of the p 
activity of ^^Co (t = 6*6 years) in single drops of eluate which were dried on filter-paper. 

(d) Effect of Non-equilibrium on Separation of Two Solutes. — A typical example of the 
importance of such considerations is shown in the separation of copper and nickel on com- 
mercial alumina by Jacob and Tompkins (loc. cit, p. 398, Fig. 3), using a linear flow velocity 
of 0*07 cm. /sec. Even after the band has travelled several times the distance which they 
expect to be required for complete separation, the mixed part of the band still contains about 
70% of the nickel and about 30% of the total copper. 

We obtained very similar results with copper and manganese (the latter being used instead 
of nickel owing to its easy volumetric determination). Using a flow velocity of 0*027 cm. /sec. 
and 0*26N-sulphuric acid for elution on 2*2 g. of commercial alumina, we obtained the elution 
curve of Fig. 4a, which shows the retention of a mixed band with 47% of the manganese and 
about 26% of the copper. (Figs. 4a and b were obtained by analysing single drops of eluate.) 


Fig. 4. 



Elution curves of mixture of CuSO* and MnS 04 chromatographed on 2*2 g. of AlgOj. Development with 

0-25N-H2SO4. 

Abscissa : volume of eluate after appearance of solute in eluate. 

Ordinate : concentration of solutes in eluate (milliequiv.jc.c.). 

(a) Diameter of AljOg = 0*08 mm. ; flow velocity = 0-027 cm. /sec. 

(b) Diameter o/ AlgOg == 0-01 mm. \ flow velocity = 0-0014 cm.Jsec. 

By reducing the grain size from 0*08 to 0*01 mm. diameter and the flow velocity to 0'0014 
cm. /sec., and otherwise using identical conditions, the effect of the diffusion and non-equilibrium 
phenomena was much reduced (see Fig. 4b). The mixed part of the band now contained only 
20% of the manganese and 14% of the eluted copper, and in some experiments still less. 
(Actually, separation appeared to be much more complete in the column, and the small amount 
of mixing observed in the eluate seemed to be due to the mixing of 2 or 3 drops at the bottom 
of the tube.) Also, in other respects, the two experiments show marked differences. In the 
second experiment (Fig. 4b) all the front boundaries of the Mn+‘‘“, Cu+*^, and arc fairly 
steep, and the flat levels of the manganese and copper bands show clearly that these bands 
are not being “ developed ” by a diffuse rear boundary, a feature which is lost completely 
through non-equilibrium phenomena in Fig. 4a, and in the copper elution curves of Jacob and 
Tompkins (loc. cit., p. 402, Fig. 2). ^ 

Although, under ordinary working conditions (commercial grain size and usual flow rate), 
some separation is still shown in cases where the differences in adsorption affinity and the 
self-sharpening tendencies of the inter-front are comparatively large, as is the case for Cu-Ni 
and Cu-Mn, it becomes impossible to separate solutes of very similar adsorption afi&nity, which 
consequently have fairly linear exchange isotherms, and whose inter-front is practically non- 
self-sharpening. 
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Such solutes as, the group Ni, Co, Cd, Fe^^, are usually considered as non-separable 
(see Schwab and Jockers, Z. angew, Chem,, 1937, 50, 646), but their inseparability is entirely 
due to the disturbing influence of diffusion and non-equilibrium phenomena which almost 
completely undo any chromatographic separation. No difficulty is experienced in effecting 
an almost complete separation — ^with adjoining bands, of course — ^between any two of these 
solutes if a smaller grain size and a lower rate of flow is employed. To give an example : 
0*16 c.c, of O’SN-NiSO^ -f* 0‘6 n-CoSO 4 were developed with 0*25 n-H 2SO4. The original band, 
in a column of alumina of 8 mm. diameter, had a length of 4*6 mm. The band at first broadened 
on development with the more dilute acid and, by the time the just visible rear band of nickel 
had travelled 6 mm., separation was complete, the nickel occupying a position between 6 and 
12 mm., and the cobalt that from 12 to 18 mm. Treatment with dimethylglyoxime and 
ammonia showed that, if there were any overlap between the nickel and the cobalt zone, it 
must have been less than 1 mm. A quantity of 0*3 g. of alumina thus proved to be sufficient 
to separate almost quantitatively 0*16 milliequiv. of the " inseparable cobalt-nickel sulphate 
mixture. 

It should also be mentioned that, as a result of using finer grain, the quality of packing was 
much improved. The boundaries obtained were absolutely straight. Fringes — only observ- 
able under the niicroscope — did not exceed 3 — 4 grain diameters, i.e., 0*04 mm. on any of 
the boundaries of Fig. 4b. 


Fig. 5. 



Chromatogram of mixture of CUSO 4 and C 0 SO 4 on Al^O^. Development with MnS 04 solution. Cu hand 

remains at the top of the column. Three stages in the “ development ** of the Co hand are shown. 

(e) Separation into Isolated Bands , — As the slow separation of metal ions on fine-grain 
alumina proved so successful, an attempt was made to obtain a complete separation into 
isolated bands. With acid as developing agent, this is of course not possible, as hydrogen 
ions are the most strongly adsorbed ions and, consequently, the bands cannot be expected 
to separate (see Glueckauf, Part I, Proc. Roy. Soc., 1946, A, 186, 60, case 4). If a complete 
separation, e.g., of copper and cobalt bands is required, development must be attempted with 
a less adsorbed solute, such as Mg'**’*' or Mn*^*^ solutions. 

Fig, 6 shows the approximate distributions of the separated bands observed during a 
chromatographic separation of 0*16 c.c. of 0*6?^-CuSO4 -f 0’6 n-CoSO 4, developed with 1, 1*6, 
and 4*5 c.c. of 0*5N-MnSO4 solution. Already after 1 c.c. of developing solvent had been 
added, the separation of copper and cobalt seemed almost complete, resulting in adjoining 
bands of about equal width. Further development hardly altered the position of the copper 
band. The front of the cobalt band continued to move down the column, but the tail end, 
though greatly decreasing in concentration, never moved away from the front of the copper band, 
a typical sign that cobalt ions follow a Freundlich isotherm even in the presence of 0*6N-Mn++. 
(During the development it looked as if the bands were actually completely apart, but 
subsequent treatment with ammonium sulphide showed that the cobalt band reached right 
back to the copper front.) 

Thus, if separation into two entirely separated bands were required, it would in this case 
be necessary either to develop with a solute of intermediate adsorption affinity {e.g,^ zinc), 
or to add such a solute to the mixture and develop with acid. 

Somewhat similar is the separation of nickel and cobalt with 0*6N-MnSO4 solution as 
developing agent. Here both bands attained a triangular shape of approximately equal 
length, the nickel band beginning at the top of the column, and the cobalt band at the fairly 
sharp front of the nickel band. (The cobalt band was here not actually a triangle, but began 
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with a definite concentration, as must be expected for Freundlich isotherms. This is shown 
in detail in Figs. 4, 6, and 6 of Part V.) 

Our thanks are due to Dr. H. London, University of Birmingham, who first drew our attention to 
the great importance of non-equilibrium phenomena for the separation of solutes of very similar adsorp- 
tion afiinity. 

Durham Colleges in the University of Durham. [Received, November 26//f, 1946.] 


242. Theory of Chromatography. Part V. Separation of Two 
Solutes Following a Freundlich Isotherm. 

By E. Glueckauf. 

An attempt is made to predict the behaviour during chromatographic separation of solutes 
following individually a Freundlich isotherm ac = A method is shown for the graphical 
solution of the fundamental chromatographic equation d^i/dCj = which makes it 

possible to calculate the distribution of solutes in binary chromatograms for any type of 
isotherm. It is shown that in the case of Freundlich isotherms two essentially different types 
of chromatogram must be expected (see Figs. 4 and 6) . In order to obtain complete separability 
into two adjoining bands the condition must be fulfilled that the molar phase ratio at the point 
of separation of the bands 



If the leading solute has the lower value of n, i.e., if w, < -Wg, this can always be achieved by 
working at low enough concentrations. If this condition is not fulfilled, solute 2 cannot be 
obtained pure, but can only be enriched. Pure solute 1 can alw^ays be obtained, though in the 
latter case not quantitatively. Chromatographic separation is the easier the smaller the ratio 
Wj/Wg of the Freundlich exponent. 


(a) An Isotherm for Multiple Solutes , — ^The case of the Langmuir isotherm has been dealt with 
in considerable detail in an earlier publication. In deducing what happens in the case of two 
substances each following a Freundlich isotherm, the difficulty arises that no isotherm of the 
Freundlich type has so far been suggested for multiple solutes. Nevertheless, we may assume 
that, just as the simple Freundlich isotherm q = {ac)^ can be replaced by a sum of Langmuir 
equations 


I 


^ Y 

1 1 + hyC 


( 1 ) 


as has been suggested by Hinshelwood Kinetics of Chemical Change in Gaseous Systems ”, 
2nd edition, p. 195), the multiple Freundlich isotherm, if it existed, might be synthesised as 


^ „ Y 

* 1 1 - f * + ^ 2|»^2 


( 2 ) 


An isotherm of this type, which still has a finite slope {dqjdc) at = 0 would show little difference 
in principle from the chromatographic behaviour of a ” pure ” Langmuir isotherm, and such 
differences would be confined mainly to a smaller rate of separation at the rear end (see, e.g,, 
Part III, Fig. 2). 

Another possibility is to write the Freundlich equation in the form 


ac^qiq)*^-'^ (3) 

and compare it with the Langmuir equation in the form 

ac ^(1 - Pq)-^ (4) 


where p zsz hja represents the amount of adsorbent occupied at saturation by 1 mol. of adsorbate. 
If the mechanism of adsorption is similar, we may reasonably assume that in both cases the 
concentration of the solute is in the first instance proportional to the concentration in the 
adsorbed state (q), modified by a factor which is dependent on the amount of free adsorbing 
space still available, which is a function of the amount absorbed. In the case of the multiple 
Langmuir isotherm this modifying function is 


r, . / , A 
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We may assume that a similar additivity would exist for the occupied surface areas iu ^e case 
of the modifying function of a multiple Freundlich isotherm, which would then have the fwm, 
analogous to eqn. (3) : 




- 9t +?s) 


(oa, b) 


Equation {5a, b), which* like the Freundlich equation, can only be considered as empirical, 
should make it possible to predict the conditions of mixed adsorption when the single-solute 
isotherms are known, at least if the surface requirements (3 can be considered identical. 


Actually it is possible to make physical assumptions which link the Freundlich isotherm with the 
theoretically deduced Langmuir equation (though it cannot be discussed here how far these assumptions 
are justified) . We may assume that every part of the surface can become an actively adsorbing spot, if 
raised temporarily to a higher energy level P which in this case corresponds to a state of unsaturation. 
The higher this degree of unsaturation, the larger must be the activation energy P, but the greater will 
be the amount of desorption energy Q which an adsorbed solute requires for its removal from this 
activated spot. The simplest assumption would be that P and Q form, at a given temperature, a definite 
ratio PIQ ~ m, where m <1, so that activation 4- adsorption results in an exothermic process. 

A Maxwell-Boltzmann distribution being assumed for the P levels, the proportion of active surface 
ASq adsorbing with an adsorption energy between Q and Q -f AQ is 


ASq m — fnQiRT 
AQ “ST’® 


(«1) 


There is no reason why in normal cases a group of active spots of uniform properties should not adsorb 
according to the Langmuir isotherm : 


. _ASq KceQfRT _ ASq bqc 

p • (I ^ KceQIRT)- p ‘l-fV 


(a2) 


Replacement of AvS^ in (a2) by means of (al) and elimination of Q by bq leads to the equation 




fnK ”*c 

p.bq^(l^~ bqC) 


.Abq 


(a3) 


and integrating over all values of Q, i.e., for all adsorption factors b from 0 to oo , we have 


which for 0 < w < 1 results in 


mK”^c 


oo 

fj 


db 


P J ^”*{1 + be) 
0 

q ~ ^ c”* = Ac”* 

^ P sin mv 


-(a4) 


(a5) 


This is the well-known form of the Freundlich isotherm. 

The same considerations can be applied to the case of two solutes. This leads eventually to 


^1 = 


r dbi 


(a6) 


which integral appears to be soluble only for the case = m^. In this case, integration leads to 
equations for and which are almost identical with the equations 5c, d. This gives some theoretical 
support for the multiple adsorption isotherms 5a, b, though only in the case 


Unfortunately, very few experimental data on mixed adsorption are available to test the 
usefulness of equation {5a, b), one of the best examples being the adsorption of oxalic (1) and 
succinic (2) acids on charcoal (probably by Maisius; see Freundlich, ‘'Colloid and Capillary 
Chemistry,'* Methuen, Fig. 39, p. 200), The Freundlich isotherms of the single solutes obtained 
from the experimental data are 40ci = (g^i)**^ and 216^2 = ( 92 )® ®^ where c is measured in mol./l. 
and q in millimol. per g. of charcoal, from which would follow in accordance with eqn. {5a, b), the 
multiple isotherms 


40Ci ' ... ..... {5a') 

216fj = q, 


Fig. 1 shows the straight lines of the single-solute isotherms of succinic acid (5) and oxalic acid 
(0), as well as a number of points giving the measured adsorption equilibria for approximately 
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equimolar solutions of the mixed solutes, the points of coexisting concentrations being tied by 
arrows. From the values of and of these points the “ theoretical ** values of and have 
been calculated by means of eqns. {6a') and {6b'), and the resulting points are shown in Fig. 1 
as circles : has been chosen as 1*2 which slightly improves the agreement as compared with 

the assumption of equal surface requirements. Though the deviations of the calculated values 
of Cl and Cg from the observed values are not negligible, it is apparent that the equations {5a') 
and (66'), the constants of which are taken from the single-solute isotherm, express the conditions 
of mixed adsorption with reasonable approximation. 

Much better is the agreement with the experimental values if we consider the efiect of the 
total adsorbate on the molar phase ratio $ obtained from eqns. (6a) and (66) : 



+ ^2 


)-■ 


(6) 


Fig. 1. 



Adsorption of succinic and oxalic acid on charcoal. The lines represent the adsorption of the sinde solutes • 
the points show the data of mixed adsorption of the two acids, coexisting concentrations being tied by 
arrows, (-f) observed data, Q calculated from single solute isotherms by eqn, (5a', 6'). * ^ 

(see Fig. 2). Here the points correspond to the experimental values of c^, c^, q.,, and the line 
is obtained from eqn. (6) with P2/P1 = and all the other constants arc taken from the single- 
solute isotherms. 5 is the separation factor and its importance for the chromatographic 
separation is similar to that of the molar phase ratio of the gaseous and the liquid phase for 
fractional distillation. The agreement is so much better here because any effects of mutual 
attraction or repulsion between the different adsorbed solutes, e,g., due to the heat of mixing 
in the surface, which are not considered in eqn. {6a, 6), are greatly reduced in 5. This, too, has 
its parallel in the vapour pressures of binary liquids, where the agreement between theory and 
experiment is always better for the molar phase ratio than for the^concentration-pressure 
curves. 

Very similar conditions exist in the case of the binary adsorption of acetone (i) and acetic acid (ii) on 
charcoal. The single-solute isotherms are here (see experiments by Michaelis and Kona Biochem Z 
1909, 16, 204—207) * * ' 


25<;2 = and 41*5c2 =; 
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SO that one might expect the multiple isotherms 

25ci == ?i(?i + fjs) and 41-6C, = 

At high concentrations of acetone, deviations due to the heat of mixing in the surface are again very 
markM, but at lower concentrations of acetone agreement is quite good (see Table I. where the 
concentrations in the solvent have been calculated for ^ven quantities of adsorbate, using a value of 
c =3 0*65), and Table II, where the amount of acetic acid required to produce a given distribution of 

Fig. 2. 



Mixed adsorption of succinic and oxalic acids. Molar phase ratio (() plotted against mixed adsorption 

density according to cqn. (6). 

Table I. 


Cl (mol./l.). Cj (mol./l.). 

A... — , , ^ 




'Calc. 


Exp. 


Exp. 

(milli~mol./g.). 


Calc. 

0-25 

0*25 

0*0041 


00016 

0*0024 

0*0010 

0*57 

1*30 

0*032 


0029 

0*148 

0*144 

0-42 

1*90 

0*028 


0*031 

0*296 

0*302 

0*51 

2*04 

0*037 


0030 

0*39 

0*30 

0*37 

2*60 

0*030 


0*033 

0*625 

0*628 



Table II. 








Acetic acid added (milli-mol.). 

Total acetone 





, L-a— 

Exper. 

used (milli-mol,). 

(milli-mol. /g.). 

(mol/L). 


Calc. 

0*209 

0*043 


0*0033 


33*4 

34*2 


0*055 


0*0031 


13*9 

17*1 

$$ 

0*061 


0*0030 


10*1 

8*6 

»9 

0*129 


0*0016 


0*4 

0 


solute 1 between 50 c.c. of water and 1 g. of charcoal has been calculated from the adsorption data of 
solute 1. 

These considerations should make it clear that substances separately obeying a Freundlich 
isotherm do not necessarily follow the binary isotherm (5a, b), but that this equation represents 
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a function which contains many, though not necessarily all, the essential features, which may 
be expected from a multiple adsorption isotherm of such solutes. In particular, it contains the 
typical feature of the Freundlich isotherm of infinite slope at zero concentration. 

For ni =s Pi = pg. Eqn. (6a, b) can also be written in the form 


^ ^2^2 


(5 c, d) 


which shows at the same time the formal resemblance to and also the essential difierence from 
the multiple Langmuir isotherms. 


Fig. 3. 



Contour lines of the qi-Cj-Cg and of the qa-Cj-Ca surfaces, as required for obtaining the curve of coexistent 
values of Ci and Cg tn the mixed part of the chromatogram for a given case of initial concentrations 
c®a (©)• 2 he three lines refer to three different values of a^/aa (“ i, and }). 


(b) Chromatographic Separation in the Case Uj = ng. — In order to apply chfbmatographic 
equations to either eqn. (2) or (5), it is necessary to solve the fundamental differential equations 
governing the chromatographic process As has been pointed out in Part I 

(Proc. Roy, Soc., 1946, A, 186, 64), a general solution is so far only possible in the case of the 
pure Langmuir isotherm. We can, however, solve this equation by graphical evaluation 
and thus obtain the relationships between coexistent values in the chromatogram of and c. 
or and in any numerical case. ^ 

For this purpose lines of equal and of equal q^ are plotted on a system with the co-ordinates 
and a^Cg (or and Cg) (see Fig. 3). These represent the contour lines of the three-dimensional 
qx-a^c^-a^c^ and q^-a^c^-a^c^ diagrams. We may then start with a point [representing the 
conditions of the original solution (Cj®, to be chromatographed] and, by a method of trial 
and error, find a neighbouring point which obeys the condition AqxlAcj^ = Aq^jAc^. Thence 
we proceed from point to point until one of the concentrations becomes zero. The resulting 
curve (thickly marked in Fig. 3) then represents the relationships between coexistent values in 
the mixed chromatogram of q^ and q^, and Cg. 
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In order to make a wider use of this diagram the evaluation has been made for three different 
values of a^ja^ (= f) which thus represent three different isotherms of the same t 3 ^e. 
The contour lines of Fig. 3 have been calculated for eqn, (6a, b) with ni^ 2 and 
pi/p, sa 1. In this case the position of the *' coexistence line depends on the ratio only, 
so no individual values need be assigned to these constants. 

The starting concentrations of the adsorbate and have been chosen at random 
0*6, q 2 ^ = 0-8) and consequently = 0*84/ai. Cg® = 0T2/aj. 

Each case of a^/ag results in a function of coexistent values of and Cg (and of q^ and 
respectively) and these functions differ greatly in their characteristics. It can be shown that 
different starting points Cj®, Cg®, gi®, gg® do not affect these characteristics, but that these depend 
on the ratio aj/ug only. We always get t 3 ^es of function for coexistent values which can be 
represented with good approximation by the empirical equations (6a), (6&) and (6c), the value of 
the constants depending on the starting point. 

Equations for coexistent Constants for g^® = 0*6, gg® = 0-8. 
values of g^, g,. 

i ^2 = -f ^agi 4- ^ 8 ^ 1 * 0-64 0*6 0-6 (6a) 

i g* = 0*37 0-66 ~~ (66) 

# ^2 = ^iV^i 4- 0-77 0*25 — (6c) 

These relationships for coexistent values of q^ and make it possible to substitute gg in the 
mixed isotherm (6a, h). This leads to the “ pseudo-single-solute ** isotherm g^ == required 
for the construction of the binary chromatograms according to the general equations given in 
Part III. 

Fig. 4. 



Boundary lines of chromatograms calculated for mixed isotherm with the constants n^ = n* 2 and mixed 
ai/ag ~ J. Note similarity with the case of the Langmuir isotherm. Complete separation is 
attainable. 

Figs. 4, 6, and 6 show the calculated loci of the chromatographic boundaries for the three 
cases considered [a^ja^ == J, J, f). Curves A and B represent the loci of the rear boundary of 
the mixed band for solute I and II respectively; curve D shows the rear slope of the pure 
frontal band of solute I, and curve E gives the Effuse rear boundary of the pure rear band of 
solute II. All the curves show the values of gx or gg plotted against the parameter a-^xjv as 
abscissa. 

From these curves the actual form of the chromatograms can be obtained by fixing numerical 
values for the quantities of solutes (Wj, wig) and for the volume v of solvent used. This defines 
the position x of the front boundaries of the mixed band and of the pure band of solute I. To 
make things clearer, these boundaries (for given cases of m and v) have been cross hatched; 
with these boundaries the abscissa represents the length of column (x) in an arbitrary unit. 

We then see from Fig. 4 that, for solutes with values of a^ja^ < J, the general arrangement 
of the binary chromatogram shows little difference from that arising from a Langmuir isotherm 
(see Part I or Part III, Figs, lo-^. Fig. lA, B). The principal differences are that (a) the rear 
band does not separate from the top of the column, a known feature for Freundlich isotherms 
(see Weiss, loc. ciL, Fig, 4)* and consequently is only very incompletely eluted, and (b) the 
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frontal band of solute 1 never completely separates from the rear band of solute 2, even after the 
mixed band has disappeared, because on account of the infinite value of d^/dc at = 0, the tail 
of the frontal band moves infinitely slowly and thus would always be overtaken by any other 
substance with c> 0 (see Fig. 6 of Part IV). The complete separation into two distinct bands 

Fig. 5. 



Boundary lines of chromatograms calculated for mixed isotherm with the constants Uj ~ Ug = 2 and 
a^/aj = J. Intermediate case between Figs. 4 and 6. 

of two solutes can therefore always be taken as a sign that the strict Freundlich isotherm does 
not apply to the faster-moving solute at very low concentrations, but that a pseudo-Freundlich 
isotherm of the type of eqn. (1) applies, which, as has been shown by a similar diagrammatic 
investigation, always permits separation into two distinct bands. 


Fig. 6. 



Boundary lines of chromatograms calculated for mixed isotherm with the constants Hj — na — 2 and aj/aa ~ 
J. Note that no pure solute II is separable ; consequently no complete separation is attainable. 

This conclusion agrees with the experimental findings by Schwab and Jockers (Z. angew. 
Ckem., 1937, 50. 646) that no white zones between coloured bands can be obtained when 
mixed inorganic solutes are chromatographed on alumina, where isotherms with Freundlich 
characteristics obtain. 
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Thedry of Ckromaiography. 


Part V. 


TTtt® dificic&ce of tiie chtom&tograins fronx those of Langmuir isotherms becomes marked for 
small separability of the two solutes (1 > qi\q^> 0-6) (see Fig. 6). Here the flat portion at tiie 
front of the pure tail band of solute II and the discontinuity at this point disappear. On the 
other band, there is no longer a point of complete separation, as the curve representing qi now 
runs right back to the top of the chromatographic column (at = 0). In this case, solute II 
cannot even partially be obtained in the pure state, though a certain amount of solute I can be 
obtained pure at the front boundary. 

Between these two extremes lies the intermediate case, a^ja^ = i (see Fig. 5). Here we 
have the very rare, and in practice never realised case where a pure rear band can form without 
a discontinuity at its forward boundary, and where, consequently, the equations (in particular 
6 and 7) suggested by Offord and Weiss {Nature, 1945, 165, 726), which do not normally hold 
good, become identical with those of Glueckauf {ibid., 166, 206). 

(c) The Case of n^ Uj. — It can be shown by a graphical integration (as in Fig. 3) that the two 
types of chromatographic behaviour as shown in Figs. 4 and 6 will also occur if ^ ft,. As 
in the case shown in Fig. 4, separation of a pure rear band of solute 2 (with a discontinuity at 
/To) is confined to the essential conditions 



and 



>0 


(7) 


This gives the possibility of discussing, not only the case of the isotherm {6a, b), but also the 
general isotherm of the type 

^2 = Qz Orft) 


where ^ and ^ are any functions, the latter being a symmetrical function with respect to 
and a 2 ^? 2 . Then 



Equating (9) and (10) results in 



= - 1 + 


^20 


which, after partial differentiation, leads to 


fi^il ^(t ^ \ I <11 ( 

Ids' J-71 » 0 [d log g (>; / aj \ LS Jog g « o 



(U) 


( 12 ) 


As dgi/dg 2 > 0, the condition for complete separability of the solutes is 


io > 


LaioggJyj^o 


(13) 


A useful application of (12) and (13) will in general be prevented by lack of knowledge of the 
\alue of g 2 o. But in the case of the isotherm {6a, b), [d log Czjd log o is independent of 

^20 and results in 



and in the c ondition . 

io> n^> 1 (13a) 


If, as in the case of Tig. 3, simple value a^Jai, 

For a mixed adsorption isotherm of the type (6a, b) log 5 is a linear function of log 



and we can have two different cases, according to whether (less adsorbed solute) is smaller or 
larger than w, (rear solute). In the first case when cn^ (or more generally, when 5 increases 
with decreasing Concentration) the condition 5o> is always fulfilled, as development can 
be continued until 5 is large enough (see Fig. 7a). The separation will be the more efficient the 
smaller (g^® + g,®), as this results in larger values of S® and 5o. This case behaves thus quite 
differently from idiat of the Langmuir isotherm, where separation is accelerated by working at 
high adsorption densities. 
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For the second case, when (or more generally, when 5 decreases with diminishing 

concentration) (see Fig. 76), it is apparent that the separation, which increases with improves 
with increasing concentrations of the solutes. If, however, they are not high enough to result 

in a value of more generally which is essential for a clean 

separation of the solutes, the lowering of the concentrations in the course of the development 
will result in values of 5 <Ii at first for the rear, and eventually also for the front of the band. 
Thus, in the beginning, solute 1 will separate both in the front and in the rear with enrichment 
of solute 2 in the middle section of the band. Then, as the concentrations fall in the course of 
development, separation of solute 1 at the front will come to an end (?«, = 1) and will even be 
reversed (5w<l), whereby solute 2 again enters into the pure frontal band of solute 1 and 
eventually forms a frontal band of pure solute 2. 

In this case, it is obviously much more economical to work from the start at such low 
concentrations that becomes <1. This means that the solutes change their subscript and 
order in the chromatogram, reverting thereby to the case shown in Fig. la. It follows from this 
that chromatography at low enough concentrations will always lead to some kind of separation 
or enrichment in the case of Freundlich isotherms, though, if > ^ 2 , chromatographic separation 
at high concentrations may in some cases (5® ^ result in a faster and more efficient separation, 

Fig. 7 a. Fig. 7 h. 




The separation factor ^ as function of the adsorption density, (a) : separation improves with the 

use of lower concentrations, (b) xij > nj .* separation improves ivith increasing concentration of the 
solutes. 

particularly, when Cg®, which would result in a relatively large value of C 20 and hence also 

of (of same order of magnitude as Cg® and 5® respectively ; this follows strictly for the Langmuir 
isotherm, and can be shown to be true for other isotherms by the graphical method). 

The first of these conclusions is confirmed by the cliromatographic practice, where low 
concentrations are generally favoured. The second case, where high concentrations improve 
the separation, and which has apparently so far not been looked for, will be investigated 
experimentally in due course. 

It is also apparent from Fig. la and b that, if ?i® is identical for two pairs of solutes, wffiere one 
has fii <^ 2 , and the other fii > n^. separation will be far easier in the first case where the leading 
solute has the lower value of w, since during the process of development the value of ^ increases, 
while the converse is true if the leading solute has the higher n. More generally, it can be said 
that pairs of solutes with equal ^ can be separated the more easily the smaller the value of 

These conclusions might be elaborated more quantitatively, if the proposed binary isotherm 
(5a, b) were more than a rough working model which, apart from the displacement effect, does 
not consider mutual influences on each other of the two solutes. The present state of our 
knowledge concerning binary adsorption isotherms, however, is such that much preliminary 
work must be directed towards establishing the mutual influence of adsorbed solutes on each 
other and the mathematical form of mixed isotherms, before further theoretical guidance can 
be given to the practical chromatographer. 

Durham Collkges in the University of Durham. 


{Received, November 20th, 1940. 
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243. The Minor Alkaloids of Duboisia myoporoides. Part IV. 

Valeroidine. 


By William Mitchell and E, M. Trautner. 

A final structure for valeroidine (/., 1937, 1821 ; 1940, 1155) is proposed. The product of 
oxidation with permanganate in acetone is suggested to be an inner urethane, explaining the 
formation of norvaleroidine on acid hydrolysis. An explanation of the demethylating action of 
thionyl chloride on valeroidine hydrobromide is also proposed. 


Valeroidine has been shown (Part I, 1937, 1821) to be a mono^sovaleryldihydroxytropane. 
The parent tropanediol differed from the known 2 : 3- and fi : 7-diols but was shown to be 
identical with the dioxytropane isolated from Peruvian coca leaves by Wolfes and Hromatka 
(Merck's Jahresber., 1933, 47 , 45) and which they suggested to be tropane-3 : 6-diol. In further 
work (Part III, 1940, 1155) the diacetyl and dif^ovaleiyd derivatives of the tropanediol were 
prepared and attempts were made to determine the positions of the free and esterified hydroxyl 
groups in valeroidine. Oxidation with various reagents in acid aqueous solution gave no 
positive results, but with potassium permanganate in acetone, besides a small yield of 
norvaleroidine [cbmpare preparation of nortropine from tropine (Willstatter, Ber., 1896, 29 , 
1580), nonscopoline from scopoline (Lubold, Arch, Pharm., 1898, 236 , 22), etc.], a new neutral 
compound was obtained. At that time analysis indicated the formula CigHaiO^N for this 
compound. On boiling with alcoholic hydrochloric acid the compound was converted into 
norvaleroidine. This was an unexpected result which could not then be explained. 

It is now suggested that the oxidation product is an inner urethane (II) formed by elimination 
of water from a labile carbamic acid (I) initially produced by oxidation of the iV-methyl group. 
Formula (II) requires C18H19O4N, with which later analyses were in closer agreement ; it would 
explain the formation of norvaleroidine (III) by elimination of carbon dioxide on acid hydrolysis. 
It is probable that the rather ill-defined base obtained, along with isovaleric acid, on alkaline 
hydrolysis of the oxidation product was a mixture of nortropane-3 ; 6-diol (IV) and the 
corresponding inner urethane (V). 


HO-CH- 


CH, 


H- 




f 

HOaC-N CH*0-0C-C4H9 

— CH CH., 

(I.) 


CH- 


CH- 


\>— oc— 




Ha 


CH-OR 


CH.,- CH CHa 

(II; R = iso valeryl.) 
(V; R = H.) 



(Ill ; R == isovaleryl.) 
(IV; R =: H.) 


By analogy with hyoscyamine, hyoscine, etc., it is reasonable to assume that the esterified 
hydroxyl group is in position 3. On this assumption the comparative stability of the oxidation 
compound would appear to exclude the possibility that the free hydroxyl group in valeroidine 
could be attached to carbon 1 (or 5) since this would require the presence of a four-membered 
urethane ring in the oxidation product. The fairly ready formation of the latter would rather 
suggest that the free hydroxyl group was attached to carbon 6 (or 7), so that the oxidation 
product would be spatially represented by (VT). 



Wolfes and Hromatka (he, cit,) obtained a 73% yield of " tropene oxide in which they 
postulated the presence of an ether linkage, by treating their tropanediol with a mixture of 
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phosphorus oxychloride and pentachloride. This compound, more correctly termed desoxy- 
scopoline, can be spatially represented by (VII). 

In Part III (loc, cit.) attempts to replace the free hydroxyl group in valeroidine by chlorine 
were also described. These were unsuccessful, but on treating valeroidine hydrobromide (the 
free base did not give the reaction) with thionyl chloride the curious fact was noted that 
norvaleroidine was obtained in good yield. It is now suggested that this reaction proceeds 
through the formation of a labile compound (VIII) which, by loss of methyl chloride (or 
bromide) and subsequent hydrolysis, yields norvaleroidine (III). 

134, Chanctonbury Way, London, N. 12. 

Department of Physiology, University of Melbourne, Australia. 

[Received, November ISth, 1946.] 


244. Contributions to the Chemistry of Synthetic Antimalarials. Part 
IV. Hydrazine Hydrolysis and Radical Exchange Reactions of 
'H-Svbstituted Phthalimides in Relation to the Constitution of the 
Antimalarial i2.63. 


By H. J. Barber and W. R. Wragg. 


Hydrazine hydrolysis of JV-substituted phthalimides has been shown to give the 
phthcUylhydf azide salts of the liberated primary amines. Facile radical exchange reactions have 
been observed between iV-substituted phthalimides and substituted aliphatic primary amines. 
The special case of 8-y-phthalimidopropylamino-6-methoxyquinoline (II) has been studied in 
detail. The bearing of these reactions on the composition of R.63 is discussed. The 
antimalarial activity of R.63 can be accounted for on the basis of the 8-y-aminopropylamino-6- 
methoxyquinoline (I) dihydrochloride it contains. 


Early in 1944, we required 8-y-aminopropylamino-C-m ethoxy quinoline (I) in quantity for part 
of our antimalarial research programme. In preparing this, we encountered certain side 
reactions relevant to the constitution of the synthetic antimalarial known as R.63 (Robinson 
and Tomlinson, 1934, 1524). This subject had just been reopened by Robinson and his 
collaborators (/., 1943, 656, 557, 561), who showed that the original constitution ascribed to 
R,63 was untenable and that most of the feasible alternatives were also excluded. Here was a 
synthetic drug of confirmed high antimalarial activity (Index 1/64) but of unknown constitution. 
The hypothesis that the activity was due to the presence, as an impurity, of a small proportion 
of a still more highly potent antimalarial was an attractive one. The discovery of the side 
reactions referred to above encouraged this view and indicated the nature of the impurities which 
might be expected. While our results do not provide absolute proof of the complete composition 
of R.63 and the .source of its activity, they afford strong circumstantial evidence that it is a 
mixture of a number of products in which the dihydrochloride of (I) is present in sufficient 
quantity to account for the biological results obtained. 




(n.) 


Meo/' 

% 


QO 




(VII.) 






NH-[CHo]3*NH-CO,/^i 
NH-fCHJa-NH-CO'l I 

A/N^ 


Me< 




(V.) 


In the synthesis of antimalarial side chains ** by phthalimido-alkylation reactions with 
substituted aliphatic amines, the following scheme of facile radical exchange has been established : 


{A.) 







UO-NHR 

UO-NHRi 



NRi + R-NH 


2 


The main factors which determine the end products will be the electronic characteristics of R 
and Ri, and such relevant properties of their derivatives as solubility in the reagents used or 
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volatility at the reaction temperature. Examples of {A) where R and Rj =* Me, Et, or H have 
been described recently by Spring and Woods (/., 1946, 625). 

The importance to R.63 of the scheme (A) first became apparent while studying the hydrazine 
hydrate hydrolysis of 8-y-phthalimidopropylamino-6-methoxyquinoline (II). 

A number of workers (Baldwin, 1929, 2962; Magidson and Bobishev, /, Gen. Chem. 
Russia, 1938, 8 , 912; Beer, ibid., 1939, 9 , 2168; Quin and Robinson 1943, 665) had 
previously used this reaction to prepare (I), their method being based on that of Ing and 
Manske (/., 1926, 2349) who formulated the hydrolysis as follows : 


(B.) i; 






co> 


:o/^ 


NR 


N,H4 




-NHR 


(■ 

'CO' 

(III.) 


H ,0 




/NH (HCl hydrolysis) 




H 

(IV.) 


AJS 


+ R-NHa 


We have found that the sparingly soluble intermediate which separates from the reaction 
mixture has not the structure (III) ascribed to it tentatively by Ing and Manske, but is in fact 
the salt of the acidic phthalylhydrazide (IV) with the liberated amine. It is more probable 
that the course of the reaction is : 



It is clear that this revised conception of the nature of the intermediate (III) suggests modified 
methods of isolating amines produced by the hydrazine reaction and thus broadens the scope of 
the method. It is no longer correct to regard the final stage of warming with acid as a hydrolysis 
of an intermediate such as (III), but as the simple decomposition of a salt by acid. This 
decomposition can also be effected by alkali, by solvent extraction, or by thermal dissociation. 
Incidentally, the last procedure provides a ready method of obtaining anhydrous volatile 
amines where their isolation from the aqueous solutions normally obtained is a matter of some 
difficulty; application to the laboratory preparation of anhydrous hydrazine will be recorded 
in a future note. 

The intermediate salt we obtained by hydrazine hydrolysis of (II) was dissociated into its 
components by chloroform extraction and by basification. It was always contaminated by a 
proportion (dependent on the molar proportion of hydrazine, see Table I) of a secondary product, 
phthalobis-[y’-(Q-meihoxy-S-quinolylamino)propyl\amide (V). This arose by interaction [scheme 
(A)] between unchanged (II) and free primary amine (I), derived from the partial dissociation 
in the reaction mixture of its phthalylhydrazide salt. We have studied the acid hydrolysis of 
the phthalamide (V) under various conditions (Table II) to ascertain the fate of this impurity 
at the final stage of the Ing and Manske hydrolysis. Under typical conditions complete 
conversion into an equimolar mixture of (I) and (II) occurred. Thus in a hydrolysis of 
TO mol. of (II) by the method of scheme (B) using 1*0 mol. of hydrazipe hydrate, it can be 
deduced from Tables I and II that the only impurity present in the reaction product would be 
approximately 0*075 mol. of the phthalimide (II). This would be removed, together with the 
phthalylhydrazide, from the aqueous solution of the hydrochloride of the product (I) in the 
normal course of working up the reaction. The formation of the secondary product (V) can be 
eliminated by treating (II), dissolved in chloroform-alcohol, with two molar proportions of 
hydrazine hydrate at room temperature ; (I) is then the only product obtained. 

We next demonstrated the ready formation of the phthalamide (V) directly from (I) and 
(II), both in boiling alcohol and by fusion. The facile nature of these changes suggested that 
similar considerations would apply to the fusion of 8-y-aminopropylamino-6-methoxyquinoline 
(I) and phthalo-y-bromopropylimide — ^the first stage in the synthesis of R. 63. Model experiments 
with some phthalimides and amines, selected for readier separation of the reaction products, 
confirmed scheme {A). These experiments are summarised in the following schemes in which 
R = y-(6-methoxyquinoly 1-8-amino) propyl. 

Clearly in the first stage of the preparation of R.63, where phthalo-y-bromopropylimide (VI) 
is substituted for phthalo-w-propylimide in equation (E), the products of the reaction may be very 
complex and their separation has proved extremely difficult. The yields of isolated and purified 
substances must therefore represent much less than the quantities formed in the reaction. 
From the product of fusing (I) and (VI) by the method of Glen and Robinson (/., 1943, 667) 
we isolated in a pure state the following : 8-y-phthalimidopropylamino-6-methoxyquinoline 
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(II) in 5% of the theoretical quantity, 8-y-aminopropylaniino-6-methoxyquinoline (I) in 10% 
recovery, and a small quantity of 8-y'-phthalimidopropyl-y-aminopropylamino-6-methoxy- 
quinoline (VII) monohydrobromide. Since our object was to identify the highly active 
.£,»omponent responsible ex hypothesi for the activity of R.63, we did not attempt quantitative 
separation of the mixture but turned our attention instead to the synthesis of compounds 
deduced from the application of scheme {A). 


(i).) 


r 

IJ NPr -i- Ph-CHa-NHg 

fused at 180° Pr'NHg -j- 

^v^^CO-NH-CHjPh 

1 Y 


Vo/ 


'^/XcO-NH-CHjPh 


1 mol. 2 mols. 

0-58 mol. 

0-8 mol. 


{E.) 


(E.) 


I II NPr + R-NH, + R-NH, + ] if NR + | 11 

115° for 8 hrs. 

1 mol. 1 mol. 0*44 mol. > 0-2 mol. > 0-18 mol. > 018 n 


(G.) 


(//.) 


0-44 mol. > 0-2 mol. 
.CO-NHR 

> 


)/ 

>0-18 mol. 




.CO-NHR 


)*NHR 
> 018 mol. 


.s^CO\ 


I 1| NPr + I j[ , ,1 

'^/^CO-NHR '“ws" 


1 mol. 


1 mol. 


11 N*[CH2l3-Br + . 

/\rrv/ X 


/V 


.CO-NHR 


2 mols. 


Ac: 

1 mol. 


in boiling ^ 
‘CO*NHR chlorobenzene v. 


NR -f- Pr-NHg 
0-48 mol. 

I II NR 




1 mol. 


NR + R-NHg 
1 mol. 


/\ 



:o/ 

only identified product 
.CO-NHR 




lO-NHR 
1 mol. 


(II) doubtle.ss appeared as the result of a reaction, type (if), from which we inferred that 
the highly reactive bifimctional compound, y-bromopropylamine (VIII), was liberated 
simultaneously with (II). (VIII) could undergo self-condensation to 1 : 5-diaza^:yc/ooctane 
dihydrobromide (IX) or react in many ways with the various components of the melt. However, 
both the h 5 ^drobromide of (VIII) (Gabriel, Ber., 1888, 21, 2009) and (IX) (Buhle, Moore, and 
Wiselogle, J. Amer. Chem, Soc., 1943, 65, 29) have been found devoid of antimalarial activity. 

As molecular proportions of the reagents (1) and (VI) are used in this fusion, the recovery of 
10% of unchanged (I) indicated that a similar quantity of phthalo-y-bromopropylimide (VI) 
might remain unchanged in the fusion product. This would react during the second stage of 
the preparation of R.03 (treatment of the crude fusion melt with alcoholic hydrazine hydrate 
followed by warm dilute hydrochloric acid) giving a variety of products. Accordingly, pure 
(VI) was submitted to the sequence of hydrazine treatment (using various molar proportions of 
hydrazine) and acid “ hydrolysis but the total bavsic product derived was always inactive. 

Lastly the identification of the “ normal ” product (VII) of the fusion reaction of (1) and 
(VI) in the crude melt indicated that some 8-)/'-aminopropyl-y-aminopropylamino-6-methoxy- 
quinoline trihydrochloride would appear in R.03. 

Being impressed by the fact that most of the physical change in the fusion reaction took place 
during the first few minutes, we studied the rate at which the free amino-group of (I) reacted. 
Table III summarises the results of some Van Slyke nitrogen determinations and shows their 
relation to the quantities of the various products proved to be present in the melt after various 
times of fusion. It is notew6rthy that the proportion of primary amine (Van Slyke) drops to 
approximately 30% of its initial value in the first five minutes of fusion and remains at this 
value even after the seven hours specified by Glen and Robinson {loc. cit.). 

The complex nature of the first reaction in the preparation of R.()3 made it apparent that 
alcoholic hydrazine hydrate treatment of the crude product could only add to its complexity. 
We did not therefore proceed to attempt to separate R.63 into its components. However, on 
the evidence submitted here R.63 would obviously contain at least 10% of unchanged (I), 
together with a further proportion of (I) (> 5%) formed when the phthalimide (II) present in 
the melt was treated with hydrazine hydrate. If the Van Slyke figure for N were taken as a 
4 b 
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measure of the amine (I) present in the fusion product, a reasonable assumption, then the 
final R.68 could be calculated to contain > 35% of the possible quantity of the amine (I). 

Results obtained in the Biological Laboratories, May & Baker Ltd., indicate that the 
antimalarial activity and toxicity of R.63 are in general accord with the chemical evidence that 
upwards of 30% of (I) is present. It should be emphasised, however, that extreme caution is 
necessary in interpreting the results obtained on a mixture, since the biological properties may 
be far from additive. The presence of a small proportion of a highly active substance is still 
not definitely excluded. A fuller discussion of the biological results will appear elsewhere in 
due course, together with a report on the antimalarial evaluation of phthalobis-[y-(6-methoxy- 
8 -<iuinolylamino) propyl] amide (V) and %~y-phthalamidopropylamino-^-methoxyquinoline. 

Addendum. — Publication of this work has been delayed largely because British Patent 
Application 17071/44, covering the preparation of the phthalamide (V), was placed on the 
secret list. An independent investigation of the constitution of R.63 has been described recently 
by Mosher (/, Amer. Chem. Soc^^ 1946, 88, 1565). We had, however, followed a somewhat 
different approach to the problem and overlap in results is restricted to the following points : 

Mosher is in agreement that R.63 (as prepared by Robinson and his co-workers) contains 
considerable 8-y-aminopropylamino-6-methoxyquinoline (I) dihydrochloride (R.36) and some 
4% of 8-y-phthalimidopropylamino-6-methoxyquinoline (II), although he does not explain how 
the latter compound was formed. He has demonstrated the presence of a larger proportion 
(>20%) of 8-y'-aminopropyl-)/-aminopropylamino-6-methoxyquinoline trihydrochloride 
(R.120) than that reported here. Lastly, Mosher foreshadows our elucidation of the nature of 
the intermediate which separates in the hydrazine hydrolysis of AT-substituted phthalimides. 

A brief summary of the present paper appeared in Nature (1946, 158, 614). Spring and 
Woods have since added further evidence for scheme (A) {ibid., p. 764). 


Experimental. 

(Melting points are corrected.) 

%-y-PhthalimidopYopylamino-^-methoxy quinoline (II). — 8-Amino-6-methoxyquinoline (696 g.) (Barber 
and Wragg, 1946, 612) was refluxed with 0*6 molar proportion of phthalo-y-bromopropylimide (536 g.) 
in chlorobenzene (2 1.) for 12 hours. After a short delay, 8-amino-6“methoxyquinoline hydrobromide 
commenced to separate. This salt (404 g. ; 76%) was collected from the cold reaction mixture and the 
filtrate diluted with alcohol (6 1.) ; 8-y-phthaliraidopropylamino-6-methoxyquinoline then separated as 
yellow felted needles. The product was collected after 24 hours, washed with light petroleum 
(2 l.)-alcohol (760 c.c.), and dried at 4071 I mm., giving 403 g. (56%), m. p. 99 — 101°. The 
chlorobenzene-alcohol liquors were treated with excess of concentrated hydrochloric acid, and the 
precipitated orange hydrochloride was removed and washed with alcohol (600 c.c.). The damp salt 
(344 g.) was suspended in boiling alcohol (6 1.) and treated with a small excess of concentrated ammonia. 
8-y-Phthalimidopropylamino-6-methoxyquinoline (104 g.) crystallised, making a total yield of 70%. 
No 8-bis-(y-phthalimidopropyl)amino-^methoxyquinoline was obtained as a by-product under these 
conditions (cf. Glen and Robinson, loc, cit. ; Mosher, loc. cit.). 

%-y-Aminopropylamino-%’-methoxyquinoline (I). — (a) Hydrolysis of (II) in cold chloroform-alcohol 
using 2-25 mols. of hydrazine hydrate. 8-y-Phthalimidopropylamino-6-methoxyquinoline (7*22 g.) 
dissolved in chloroform (60 c.c.) and alcohol (50 c.c.) was treated with hydrazine hydrate (4*6 c.c., 60% 
w/v aqueous solution). After 3 hours at room temperature a gelatinous white precipitate began to 
separate. After 4 days the solvents were removed at 40°/20 mm. and the residue shaken mechanically 
(2 hours) with a mixture of 2N-ammonia (30 c.c.), water (40 c.c.), and chloroform (70 c.c.). A small 
quantity of insoluble material (ca. 0*6, g.) was dissolved separately by warming with chloroform-ammonia 
solution and returned to the main bulk. The chloroform layer (A ) was extracted with four portions of 
N-acetic acid (20 c.c.) which were bulked, basified with concentrated ammonia, and then exhaustively 
extracted with ether. This extract on distillation in a bulb tube (air-bath at 180°) at 0*01 mm. gave 
8-y-aminopropylamino-6-methoxyquinoline (4d g., 89%), wfj" 1-637, converted into carbamate derivative, 
ID. p. 113 — 116°. The chloroform (A) was evaiK>rat^ to dryness, leaving a negligible dark red residue 
(0-2 g.). The aqueous ammoniacal layer, precipitated with concentrated hydrochloric acid, yielded 
2-98 g. (92%) of phthalylhydrazide, m. p. 342 — 344°. 

(b) Hydrolysis of (II) in boiling alcohol with various proportions of hydrazine hydrate. Hydrazine 
hydrate (40 c.c., 60% w/v aqueous solution ; 0-8 mol.) was added to a solution of 8-y-phthalimidopropyl- 
amino-6-methoxyquinoline (180 g.) in boiling alcohol (1-6 1.) and the mixture refluxed for 3 hours. The 
alcohol was removed under reduced pressure from the suspension of cream insoluble product, and the 
residue vigorously shaken with 2N-ammonia (600 c.c.), diluted with water (1 L), and chloroform (2*61.). 
The aqueous alkaline layer was separated and acidifled with concentrated hydrochloric acid ; phthalyl- 
hydrazide separated (66 g.), m. p. 342—344°. 

The chloroform layer was concentrated under reduced pressure to 700 c.c. and diluted with an equal 
volume of dry ether. PhthalohiS’\y{^meihoxy-^quinolylaimno)pYopyl']amide (V) separated (44 g.), 
m. p. 170 — 174°, crystallising from chloroform-methanol as tiny brown needles, m, p. 177 — 179° (Found : 
C, 68-7; H, 6-3; N, 14-0; OMe, 11-0; M (ebulliscopic in chloroform), 600, CmH,«O 4 N 0 requires C, 
68-9; H, 6-1; N, 14*2; OMe, 10*6%; M, 592). (V) was converted into the hydrochloride, m. p. 

208—210° by treatment of a warm solution in chloroform-methanol with concentrated hydrochloric acid 
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(Found: N, 12*6; CL 10*6. C04H„O4N,,2HC1 requires N, 12*6; Cl, 10*7%). This hydrochloride was 
readily reconverted into the base by suspension in a large volume of cold water. 

The liquors from the separation of crude (V) above were evaporated to dryness under reduced 
pressure and the oily residue taken up in dry ether (1 1.). Carbon dioxide was passed, very slowly at 
first, into the filtered bright ethereal solution, precipitating the carbamate derived from (I) (63 g.) as a 
white powder, m. p. 112—114® [Found : C, 64*2; H, 7*0; N, 16*8. (Ci 8 Hi,ONa) 5 ,COa requires C, 64*0; 
H, 6*76; N, 16*6%]. When a solution of the carbamate in warm methanol was treated with a small 
excess of concentrated hydrochloric acid the corresponding dihydrochloride, crystallising from 
methanol-ether in short orange needles, was obtained (96%). Drying over potash in a vacuum gave 
the anhydrous salt (cf. Beer, loc. cit), m. p. 244 — 246® with slight previous shrinking from about 230' 
[Purification of many samples failed to give material, m. p. 261 — 252® (cf. Baldwin, loc. cit , ; Beer, loc. 
cit.)] (Found : N, 13*7; Cl, 23*6. Calc, for Ci8Hi,ON3,2HCl : N, 13*8; Cl, 23*4%). The free base (I) 
was prepared in 96% yield by dissolving the carbamate in a small excess of dilute hydrochloric acid at 
80®, removing any dissolved carbon dioxide with a rapid stream of nitrogen for 10 minutes, basifying 
with concentrated aqueous ammonia, and extracting the liberated base with ether. Distillation of the 
residue on removal of the ether gave (I) as a single fraction, b. p. 160®/0*01 mm., a viscous yellow oil, 
1*637 (Found: C, 67*6; H, 7*4; N, 18*05. Calc, for C^H^ON, : C, 67*5; H, 7*4; N, 18*2%), 
stored under an atmosphere of hydrogen. On long standing this sample solidified to a waxy solid, m. p. 
37—88®. 

In the experiment below where unchanged phthalimide (II) was recovered, this was isolated from the 
ethereal liquor after the precipitation and removal of the carbamate of (I). 

The above experimental details exemplify the method of separation employed to obtain the results 
summarised in Table I. 


Reactants. 


Table I. 

Reaction of the phthalimide (II) with hydrazine hydrate. 

Products. 


( 


X 


CO 

\r + N,H„H,0. 


./ 

CO 

(H) 

1*0 mol, 

1*0 mol. 
1*0 mol. 


1*0 mol. 


0*8 mol. 
0*6 mol. 


Time 

in 

boiling 

alcohol. 


2hrs. 

4 hrs. 
10 hrs. 



CO-NHR 

+ R-NHg -f 

"0-NHR (I), as 
(V) carbamate. 

0 075 mol. 0*67 mol. 


none 
0*3 mol. 


0*16 mol. 
0*16 mol. 


0*6 mol, 
0*23 mol. 


[R = y-(6-methoxyquinolyl-8-amino)propyl.J 


CO 


fY 

(IV) 

Theoretical 

quantity 


The products obtained, when the phthalamide (V) was treated with aqueous hydrochloric acid 
under various conditions, were separated and identified by means very similar to those described in the 
case of Table I. These results are summarised in Table II. 


Table II. 


( 


Reaction of the phthalamide (V) with acid. 
Reactants. Products. 


,.CO*NHR 

^CO-NHR 

(V) 

, aqueous 
+ HCl 

Conditions. 

^v,CO-NHR 

(Y + 

'V^VO-NHR 
unchanged. (V) 

V\co/ 

(H) 

\ 

-1- R-NHa. 

(I) as 

carbamate. 

2 g. 

90 c.c., 10% 

1 hr. reflux 

none 

0*8 g. 

trace 

2g. 

30 C.C., 2n 

30 mins, at 95® 

none 

1*06 g. 

0*6 g. 

2 g. 

30 C.C., N 

16 mins, at 95® 

0*76 g. 

0*67 g. 

0*17 g. 

2g. 

30 C.C., N 

16 mins, at 70® 

1-76 g. 

none 

trace 


[R = y-(6-methoxyquinolyl-8-ammo)propyl.] 


Model Experiments. — (a) Exemplification of scheme (C) where R == benzyl. Phthalobenzylimide 
(23*7 g.) was suspended in alcohol (200 c.c.), boiling under reflux, and hydrazine hydrate (10 c.c., 60% 
w/v aqueous solution; 1*0 mol.) added. After 2 hours the reaction mixture was cooled and the white 
ci^talHne product collected (21*3 g.). After being dried in the steam-oven for 1 hour this material 
analysed for the anhydrous phthalyUiydrazide (IV) salt of benzylamine, m. p. 326 — 346® (Found : C, 
66*8; H, 6*4; N, 16*6. Cglf.OjN^C^H.N requires C, 67*0; H, 6*6; N, 16*6%). 2 G. of this salt were 

dissociated by one crystallisation from alcohol (200 c.c.); phthalylhvdrazide alone separated, m. p. 
342—346® (Found: C, 69*6; H, 4*0; N, 17*6. Calc, for CeH^OaNj,: C, 69*3; H, 3*7; N, 17*3%), 
Dissociation was also effected by heating the salt (6*4 g.) at 120 — 140®/0*05 mm. for 3 hours. The 
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distillate, collected in a solid carbon dioxide-acetone cooled receiver, was anhydrous benzylftmine (1*66 
g. ; 78%) (Found : M, by titration, 107. Calc, for C,H,N : M, 107). 

(b) Exemplification of scheme (D). Phthalo-»-propylimide (10 g.) and benzylamine (11*4 g. ; 2 mol.) 
were fused in a distillation flask fitted with a Vigreux column. The melt was slowly heated to 180°. 
The distillate (b. p. 49°), collected in a cooled receiver, was anhydrous propylamine (1-8 g., 59%) 
contaminated by a small proportion of benzylamine. The residue, crystallised twice from chloroform, 
was phthalo-iViST'-dibenzylamide, m. p. 176 — 178° (Tingle and Lovelace, Amer. Chem. 1907, 88, 661, 
give m. p. 178 — 179°). 

(c) Exemplification of scheme (E). 8-y-Aminopropylamino-6-methoxyquinoline (2-2 g.) was fused 
with phthalo-w-propylimide (1-89 g.) for 8 hours at 110 — 115°. The w-propylamine (44%) evolved from 
the melt was removed in a slow stream of hydrogen which was subsequently scrubbed with standard 
acid. The fusion product was dissolved in methanol (40 c.c.). On cooling, the phthalamide (V) 
separated, 1*06 g., m. p. 157 — 171°. Kecrystallisation from chloroform-methanol gave 0*9 g., m. p. 
176 — 178°; mixed m. p, with authentic material was 175 — 178°. On standing, the liquors from the 
crude phthalamide (V) precipitated the phthalimide (II) (0*64 g.) (A), ra. p. 97 — 99°, characterised by 
mixed m. p. 100 — 101° with authentic material after recrystallisation from methanol. The methanol 
liquors from (A ) were concentrated, and the residue dissolved in ether was treated with carbon dioxide, 
precipitating the carbamate of the amine (I) (0*6 g.), m. p. 112 — 116°. 

(d) Exemplification of scheme (F). An equimolar mixture of the phthalamide (V) (5*9 g.) and 
phthalO“«-propylimide (1*9 g.) were fused at 166° for 1 hour, during which time w-propylamine was evolved. 
The fusion product was dissolved in alcohol (60 c.c.) from which 3-6 g.(48%) of bulky yellow needles 
separated, m. p. 84 — 100°. Recrystallisation from alcohol gave the phthalimide (II) (3-2 g.), m. p. 

99 — 101°, characterised by mixed m. p. with an authentic sample. 

(e) Exemplification of scheme (G). The phthalamide (V) (1-18 g.) was refluxed for 10 hours in 
chlorobenzene (20 c.c.) with phthalo-y-bromopropylimidc (1-07 g.). The hydrochloride precipitated 
from the mixture by alcoholic hydrogen chloride was crystallised twice from alcohol and then converted 
in aqueous methanol into the base, long bulky yellow needles from methanol (0*2 g.), m. p. 99 — 101°, 
shown to be the phthalimide (II) by mixed m. p. 

(f) Exemplification of scheme (h), (i) Equimolar proportions of the amine (I) (2-31 g.) and the 

phthalimide (II) (3*61 g.) were refluxed for 1 hour in alcohol (70 c.c.). The total product which 
separated on cooling was crystallised from chloroform-ether ; the phthalamide (V) (2*06 g.) was thus 
obtained, m. p. 173 — 176° (identity confirmed by mixed m. p.). 

(ii) A theoretical yield of the phthalamide (V) was obtained when the above reaction was carried out 
by fusion for 1 hour at 116°. 

(iii) A 70% yield of the phthalamide (V) was similarly obtained from the fusion of the amine (I) 
(5‘1 g. ; 2 mols.) and phthalic anhydride (1*6 g.) at 116° for 1 hour. 

(iv) A theoretical yield of phthalo-JV.^'-dibenzylamide was similarly obtained by fusion of 
equimolecular quantities of phthalobenzylimide and benzylamine at 120° for IJ hours. 

First Stage of the Preparation of R,%Z. Separation of the Reaction Products of the Fusion of S-y~Amino- 
propylamino-^-methdxyquinoline (I) with Phthalo-y-hromopropylimide (VI). — The identification of un- 
changed (I ) and the phthalimide (II) as products of this reaction has been confirmed at least twice, both 
after 16 minute and 7 hour fusions. The following are typical experiments : 

(a) Method of fusion. Equimolar proportions of (I) (6 g.) and (VI) (7 g.) were mixed by rotation of 
the reaction flask, closed by a calcium chloride tube, and immersed in an oil-bath at 116°. The mixture 
fused to a mobile liquid which rapidly thickened to a red-brown glass, 

(b) Isolation of S-y-phthalimidopropylamino-Q-methoxyquinoline (II). The glas.sy product from a 
7 hour fusion as in (a) was dissolved in glacial acetic acid (15 c.c.) with mechanical shaking (10 hours). 
The orange-brown precipitate which separated was filtered from the viscous red liquor, washed with 
three portions of glacial acetic acid (6 c.c.) and then ether, giving 1*7 g., m. p. 190 — 200°. This was 
repeatedly recrystallised from methanol until the orange hydrobromide obtained (0*98 g.), m. p. 
214 — 220°, was sufficiently pure to yield 0*3 g. of phthalimide (II), m. p. 102 — 103° (identity confirmed 
by mixed m. p.), on treatment with ammoniacal methanol. By dilution with water and recrystallisation 
of the precipitate, a further 0*1 g., m. p. 100 — 103°, of the phthalimide (II) was isolated from the mother 
liquor. The original acetic acid liquors were stored at 0° (2 days) when a further 0-6 g. of orange material 
separated. This crystallised from methanol giving 0*35 g., m. p. 220 — 225°, which on conversion into 
the base (0 09 g.) was characterised by mixed m. p. 101 — 103° as the phthalimide (II). 

(c) Isolation of %-y-aminopropylamino-^-methoxyquinoline (I). The fusion product from a 7 hour 

reaction as (a) was dissolved with mechanical shaking in chloroform (60 c.c.). The solution was shaken 
with 2N-ammonia (12 c.c.) aLnd water (20 c.c.). The chloroform layer was then extracted with four 
2 c.c. portions of 2N-acetic acid in water (20 c.c.) until the last extract was acid (litmus). The combined 
extracts were counter-extracted (chloroform) and then basified slowly with 2N-ammonia in the presence 
of ether (500 c.c.). The aqueous layer was then made strongly alkaline with concentrated ammonia and 
saturated with salt. The dried (KjCOj) ether layer was evaporated and distilled in a bulb tube (air-bath 
up to 200°) at 0 01 mm. About half the residue distilled, yielding a light brown oil, 2 0 g., 1*631. 

This was taken up in ether and converted into the carbamate of (I) (0*7 g., 10% recovery), m. p. 

100 — 108°, decomposing in a bulb tube to give pure (1) (0*5 g.), wff' 1*636, reconverted into carbamate 
derivative, m. p. 109 — 115° (mixed melting point with authentic material 113 — 116°). 

(d) Isolation of S-y'-phthalimidopropyl-y-aminopropylamino-^-methoxyquinoline (VII). , The product 
from a 7 hour fusion, as (a) was dissolved in pyridine (26 ex.). The brown oil precipitated with water 
(300 c.c.) was twice extracted by boiling with a supernatant layer of ether (100 c.c.). The 
residue separated by decantation was dissolved in methanol (100 c.c.) and diluted with an equal volume 
of ether. The precipitated gum solidified on standing. TTie solid was collected and recrystallised 
twice from methanol, formiz^ long rectangular light brown plates, m. p. 174 — 177°, which proved to be 
S^y'-phthalimidopropyFy-aminopropylamino-6-methoxyquinoline monohydrobromide (Found : C, 67*4 ; 
H,51; N, 11*0; Br, 16*8. C,4H„6aN4,HBr requires C, 67*7; H. 6*4; N, 11*2; Br, 16*1%). We con- 



1337 


[1947] Chemistry of Synthetic Antimalarials. Part IV. 

eluded that this product was not 8-y-aminopropylamino-6-methoxy-l-y-phthalimidopropylquinolinium 
bromide, or 8-y-aminopropyl-y-phthaHmidopropylamino-6-methoxyquinoline hydrobromide, compounds 
of the same empirical formula, because no primary amine group could be detected in a micro-Van Slyke 
determination, for which we are indebted to Miss P. Garwood of Imperial College, S.W. 7. 

(e) Typical analytical experiment in outline. The product from a 16 minute fusion, as in (a), was 
dissolved in alcohol (60 c.c.). The solution was slowly added to well-stirred ether (300 c.c.). The 
milky product was shaken with 100 c.c. water and then extracted with N-hydrochloric acid (20 c.c.). 
The bright ether layer was dried (K2CO3) and evaporated to give 1-3 g. (18% recovery) of unchanged 
phthalo-y-bromopropylimide (VI), m. p. 69 — 72® The bulked aqueous extracts were basified with 60% 
sodium hydroxide and the total bases taken up into chloroform (160 c.c.) [A), This was extracted with 
2N-acetic acid (25 c.c.) in water (60 c.c.), and the extracted material taken as base into ether. This 
dried (KjCOj) ether extract yielded the carbamate of (I) (1*0 g., 16% recovery). The chloroform (A) 
was next removed and the residue converted into hydrochloride (B) which was crystalhsed from alcohol. 
The insoluble hydrochloride of the phthalimide (II) (1*6 g., 15%) was first obtained. This was repeatedly 
crystallised from methanol, and, when sufficiently pure, converted into base confirmed to be (II) by 
m. p. and mixed m. p. The more soluble hydrochloride in the mixture (B) was crystallised from 
alcohol-ether many times without a pure substance being definitely characterised, although a N : Cl 
ratio of 2*07/1 indicated 8-y'-phthalimidopropyl-y-aminopropylamino-6-methoxyquinoline (VII) 
dihydrochloride. 

The above results are summarised in Table III, together with Van Slyke estimations for primary 
amino-group on the products of fusions [as (a)] of varying duration. 


Table III. 


i?.63 fusion. Progress of reaction. 


Duration of fusion 

Van Slyke c.stimation of N present as 

Nil. 

5 mins. 

15 mins. 

7 hrs. 

primary amino-group (%) 

Proportion of amine (I) recovered 

6*4. 6*3* 

21 

— 

2*4 

unchanged (%) 

Proportion of phthalimide (VI) re- 

— 

— 

16 

10 

covered unchanged (%) 

Proportion of theoretically possible 
phthalimide (II) actually isolated 



18 


as crude hydrobromide (%) 

— 

— 

15 

22t 


* Amine (I) requires 6*06%. t 5% as pure base. 


Preparation of J?.63 for Antimalarial Test. — The procedure of Glen and Robinson (loc. cit.) was 
exactly followed [Found on our sample of R.63 : N as primary amino-group (Van Slyke), 4*85. Calc, 
for amine (I) dihydrochloride, 4*6. Calc, for 8-y'-aminopropyl-y-aminopropylamino-6-methoxy- 
quinoline trihydrochloride, 3*5%]. 

8 - Bis-(y~pkthalimidopropyl)amino - 6 - methoxy quinoline. — 8 - y - Phthalimidopropylamino - 6 - methoxy- 
quinoline (20 g.) was fused with exclusion of moisture with phthalo-y-bromopropylimide (32 g.) for 12 
hours at 120°. The red glassy product was dissolved in methanol (200 c.c.), and an orange hydrobromide 
(20 g.) crystallised out. This was converted into base in methanol-2N-ammonia. 8-Bis-(y-phthalimido- 
propyl)amino-6-methoxyquinoline crystallised from pyridine-methanol, m. p. 165 — 167° (13 g., 43%) 
(cf. Quin and Robinson, loc. cit.). 

^-y-Phthalamidopropylamino-^-methoxyquinoline. — 8-y-Phthalimidopropylamino-6-methoxyquinoline 
(20 g.) was added to a boiling solution of potassium hydroxide (13*8 g.) in alcohol (275 c.c.). After 30 
minutes the mixture was cooled to 0° and almost neutralised with 2N-hydrochloric acid. The precipitated 
salt was just dissolved by adding water (200 c.c.) and the alcohol removed at 30 mm. The remaining 
liquor (charcoaled) was just acidified (litmus) cold with glacial acetic acid. The precipitated product 
was crystallised from aqueous methanol and dried over phosphoric oxide at 10 mm. (Found : C, 63*7 ; 
H, 6*1 ; N, 10*7 ; M, by titration, 390. C2iH2i04Ng,H20 requires C, 63*6 ; H, 5*8 ; N, 10*6% ; M, 397). 
The loss in weight at 100° on this hydrated acid (Found : 9*2. CaiH2i04N3,H20 requires 4*54%) 
indicated that both dehydration and ring closure had occurred, giving the phthalimide (II). This was 
confirmed by m. p. 101 — 103° and mixed m. p. 101 — 104° with authentic material after one crystallisation 
from methanol. 

We are indebted to Mr. S. Bance, B.Sc., A.R.I.C., for the semi-microanlayses, and to the Directors 
of Messrs. May and Baker Ltd. for permission to publish these results. 

Research Laboratories, 

May & Baker Ltd., Dagenham, Essex. 


{Received, December 6/A, 1946.] 
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245 . The ConstitvMon of Copcene. 

By Lindsay H. Briggs and William I. Taylor. 

The constitution of copaene has been elucidated on the basis of the following sequence of 
reactions. Perbenzoic acid yields the oxide, converted by methylmagnesium iodide into the 
corresponding methylcarbinol which after dehydration and dehydrogenation furnishes the 
known compound, 1:6: 7-trimethyl-4-4sopropylnaphtlialene. 

The tricyclic sesquiterpene copaene is a comparatively rare constituent of essential oils, and so 
far it has only been detected in the oils of Oxy stigma mannii (Schimmers Report, 1914, April, 
p. 48), Sindora wallichii (Henderson, McNab, and Robertson, 1926, 3077), S, inermis (Huzita, 
J, Chem. Soc, Japan, 1941, 62, 431), Dysoxylum fraseranum (Penfold, J, Proc. Roy, Soc, New 
South Wales, 1928, 61, 337) and Cedfela toona (Pillai and Rao, J, Soc, Chem, Ind,, 1931, 50. 
220i') . More recently it has been identified by Briggs and Sutherland (forthcoming publication) 
in the oil of the New Zealand tree, Phyllocladus frichomanoides , the source for the present 
investigation. 

From the molecular refraction, the formation of a dihydro-derivative, and the oxidation by 
ozone or potassium permanganate to a monobasic ketonic acid, copaene ketonic acid, 
copaene was showm by Semmler and Stenzel {Ber,, 1914, 47, 2555) to be tricyclic with one 
ethylene linkage. Since it also gave /-cadinene dihydrochloride with hydrogen chloride it must 
contain the cadinene skeleton and a cyclopropane ring, later confirmed by Henderson et al, (loc. 
cit.) by dehydrogenation with sulphur to cadalene. By further oxidation of copaene ketonic 
acid with sodium hypobromitc, Semmler and Stenzel obtained a dibasic acid, copaene- 
dicarboxylic acid, CigH^gO^ {vide infra), apparently by the elimination of an isopropyl group.. 
The provisional formula (1) suggested by Semmler and Stenzel was changed to (II) by Henderson 
et al. in view of the structure (III) proposed by Riizicka and Stoll (Helv. Chim. Acta, 1924, 7, 
84) for cadinene. 



(I.) (II.) (III.) (IV.) 


In view of the revised structure for cadinene (IV) put forward on a firm experimental basis by 
Campbell and Sofier (/. Amer, Chem, Soc., 1942, 64, 417) that of copaene also required revision. 

The position of the double bond at Cg-CT in copaene has now been established by the method 
used by Ruzicka and Sternbach {Helv. Chim. Acta, 1940, 23, 124) for determining the position 
of the double bond in cf-pimaric acid and applied by Campbell and Sofier {loc. cit.) and Sofier, 
Steinhardt, Turner, and Stebbins {J, Amer, Chew. Soc., 1944, 66, 1520) for the constitution of 
cadinene and isozingiberene respectively. 

Copaene was converted quantitatively into the oxide by the action of perbenzoic acid. On 
distillation in high vacuum, however, three fractions were obtained, indicating that some 
isomerisation to the ketone or fission of the cyc/opropane ring had occurred. Since the isomeric 
ketone should give the same product ultimately as the oxide, the combined distillate was treated 
with excess of methylmagnesium iodide and the resultant methylcarbinol dehydrated with 
formic acid. Dehydrogenation with palladised charcoal failed to yield an aromatic hydrocarbon, 
but this was formed "with selenium. The dehydrogenation products, after being washed with 
alkali, were distilled, small fractions being taken off empirically and converted into picrates. 
From two fractions the picrate of 1 : 6 : 7-trimethyl-4-isopropylnaphthalene was obtained after 
repeated crystallisation, the purest specimen having m. p. 121 — 122®. Campbell and Sofier 
{loc. cit.) record m. p. 122 — 123® for their synthetic material. The double bond in copaene must 
therefore be in the 6 — 7 position. 

From the alkaline washings of the dehydrogenation product a crystalline naphthol, Ci 5H„0, 
was obtained (picrate, trinitrobenzoate) which is probably the previously unknown 
7-hydroxy- 1 : 6-dimethyl-4-i5opropylnaphthalene arising from the dehydrogenation of 
unmethylated copaene oxide or the isomeric ketone. We hope to report later on this compound. 

Since copaene forms /-cadinene dihydrochloride with hydrogen chloride, the three-membered 
ring must have one point of attachment at and the other at Cg (V) or C^q (VI). If the latter, 
then dehydrogenation should yield an azulene as well as cadalene as in the case of ledene 
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(Komppa and Nyman, Compi. rend. Trav. Lab. Carhherg, 1938 , 22 , 272 ) or azulene alone as in 
aromadendrene (Radcliffe and Short, 1938 , 1200 ). Since no trace of azulene is obtained 
from copaene the three membered ring must be at Cj-Cj and copaene must be formulated as (V). 




(IX.) 


The copaene ketonic acid, €15112403, of Semmler and Stenzel must now be revised to (VII), 
and the dibasic acid, copaenedicarboxylic acid, obtained on sodium hypobromite oxidation, is 
more probably the normal product (VIII), C14H22O4, rather than (IX) C12H18O4, with which, 
however, the analytical figures agree. 


Experimental. 

The copaene used in these experiments was repeatedly fractionated, finally through a 20 plate column, 
and then had the following constants : b. p. 114 — 114*6°/10 mm. ; <4®° 0*9056 (constant) ; wff’ 1*4880 — 
1*4896; [a]})®'®" — 0*44° to -f 1*20^; it had been identified by Briggs and Sutherland (loc. cit.) by the 
formation of /-cadinene dihydrochloride with hydrogen chloride, dehydrogenation to cadalene with 
palladised charcoal, and oxidation to copajne ketonic acid, characterised as the semicarbazone, m. p. 
222°, and the semicarbazone of its methyl ester, m. p. 194-— 196°. 

Copisne Oxide. — A solution of copaene (11*1 g.) in chloroform (200 c.c.) was added to a twofold excess 
of perbenzoic acid in chloroform (300 c.c.) at 6° and left overnight. Titration of an aliquot portion 
against standard thiosulphate solution after addition of potassium iodide then showed that reaction was 
complete. The chloroform solution, after being washed with sodium carbonate and sodium thiosulphate 
solutions, yielded a viscous colourless oil (11*9 g.), separated by distillation into the following fractions : 
(1) b. p. 112— 120°/0*5 mrti., 4*09 g. ; (2) b. p. 95—10570*03 mm., 2*24 g. ; (3) b. p. 127— 130‘70*05 mm., 
1*37 g. 

Methylation and Dehydration. — The combined fractions (7*3 g.) in dry ether (30 c.c.) were slowly added 
to an ethereal solution of methylmagnesium iodide (3 molal excess), and after the first action had ceased 
the mixture was refluxed for 30 hours. After decomposition with saturated ammonium chloride solution 
the reaction mixture was extracted with ether, and the extract, after being washed with brine containing 
sodium carbonate, then with water, and dried (Na 2 S 04 ), yielded on distillation of the ether a syrupy 
jiroduct (6*43 g.) in 82% yield. This was boiled under reflux with formic acid (15 c.c.) for 15 minutes 
and, after addition of water, the product was isolated through light petroleum ; yield 6*97 g. 

Dehydrogenation. — The dehydrated oil (1*43 g.) and .selenium (2*08 g.) were heated slowly to 200° 
until water ceased to be evolved, the temperature was then maintained at 220° for 16 hours and at 300° 
for a further 9 hours. The product was extracted with light petroleum, and the solution washed with 
sodium hydroxide solution and water, and dried; after removal of the solvent 0*864 g. of a slightly 
fluorescent oil was obtained. On distillation at 10 mm. (bath temperature 120°) five fractions were 
obtained weighing successively 0*2286 g,, 0*0987 g., 0*0736 g., 0*1466 g., and 0*0411 g., leaving 0*2090 g. 
of a residual black tar. The first three fractions failed to yield a pure picrate. From the fourth fraction 
a crude red picrate (200 mg.) was obtained, m. p. 96°, which after six crystallisations from methyl alcohol 
furnished 8 mg. of long needles of constant m. p. 121 — 122° (Found : C, 60*10; H, 6*47 ; N, 9*35. Calc, 
for CieH 20 ,CeHaO 7 N 3 : C, 69*86; H, 6*26; N, 9*52%). From tlie mother liquors of the fourth fraction 
a small amount of impure cadalene picrate, m. p. 110 — 111°, was isolated which on being mixed with 
an authentic specimen softened at 100° and melted at 109 — 1 12°. The fifth fraction yielded the impure 
picrate of 1 ; 6 : 7-trimethyl-4-t5opropylnaphthalene, m. p. 117 — 118°, undepressed by a pure specimen 
obtained from the fourth fraction. 

From the alkaline washings of the dehydrogenation product a crude naphihol was obtained on 
acidification and purified by sublimation at 100°/0*01 mm. ; yield 30 mg. The product recrystallised 
from methyl alcohol as woolly needles, m. p. 116° (Found : C, 83*54, 83*68; H, 8*50, 8*66. CigHigO 
requires C, 84*05; H, 8*46%). The dark red picrate separated from methyl alcohol in short needles, 
m. p. 139°, and the bright red trinitrobenzoate similarly in long needles, m. p. 139 — 140°. 

The analyses are by Drs. Weiler and Strauss, Oxford. 

We are indebted to the Chemical Society and the Australian and New Zealand Association for the 
Advancement of Science for grants, and to Dr. L. M. Cooke for Monel metal gauze used in the fractionating 
column. One of us (W. I. T.) is indebted for a Duffus Lubecki Scholarship. 

Auckland University College, 

Auckland, New Zealand. 


{Received, December Qth, 1946.] 
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246 . Some Derivatives of T>-Gcilacturonic Acid. 

By J. K. N. Jones and M. Stacey. 

The synthesis is described of some derivatives of D>galacturonic acid, in particular ^-methyl 
a~methyUTi‘galacturonoside methyl ester. This compound was oxidised to 2-methyl galactosaccharic 
acid (2-inethyl mucic acid) a useful reference compound, while under stronger oxidising 
conditions some demethylation occurred with formation of galactosaccharic acid (mucic acid). 

In addition to its widespread occurrence in plant gums and pectins, D-galacturonic acid forms a 
constituent of certain bacterial polysaccharides, e.g.^ the Type I pneumococcus specific poly- 
saccharide (Heidelberger, Goebel, and Avery, /. Exp. Med. , 1 925, 42, 70 1) , and the polysaccharide 
of Coccidioides immitis (Hassid, Baker, and McCready, J. Biol. Chem., 1943, 149, 303). 

It was necessary to synthesise partly methylated derivatives of D-galacturonic acid to serve 
as reference compounds in determination of bacterial polysaccharide structure. D-Galacturonic 
acid, obtained both by synthesis from D-galactose (Stacey, 1939, 1529) and from citrus pectin 
by enzymic degradation, was converted into a-methyl-D-galacturonoside methyl ester [which 
has the pyranose structure (Levene and Kreider, J. Biol. Chem., 1937, 120, 597)] by boiling 
it with 1% methanolic hydrogen chloride for 8 hours. Treatment of this ester for 15 hours with 
acetone containing either 0*4% hydrochloric acid or anhydrous copper sulphate with a trace of 
concentrated sulphuric acid converted it into 3 : ^-monoacetone oL-methyl-v-galacturonoside 
methyl ester (m. p. 107®; monohydrate, m. p. 70®). 

This product was transformed on methylation with silver oxide and methyl iodide into the 
syrupy 2-methyl derivative. On being kept in a moist atmosphere the S5nrup crystallised in the 
form of its monohydrate. Removal of the acetone groups gave syrupy 2-methyl cL-methyl- 
vt-galactuYonoside methyl ester {amide, m. p. 174®) which on being oxidised with nitric acid under 
moderate conditions gave 2-methyl galactosaccharic acid, a liquid {amide, m, p. 200®). Under 
more drastic oxidation conditions with nitric acid there was observed an unusual case of 
demethylation with production of free galactosaccharic acid in fairly good yield ; cf. Anderson 
and Otis (/. Amer. Chem. Soc., 1930, 52, 4462), who effected the removal of non-glycosidic 
methyl residues from a mesquite gum by means of 72% sulphuric acid. 

Experimental. 

n-Galacturonic Acid. — This was prepared both from citrus pectin by the action of the enzyme, 
“ Pectinol lOM,” and from D-galactose by the synthetic method of Stacey {loc. cii.). 

a-Methyl-D-galacturonoside Methyl Ester. — ^D-fcalacturonic acid (5 g.) was boiled for 8 hours with 1 % 
methanolic hydrogen chloride. The solution, neutralised with lead carbonate, was filtered and evaporated 
under diminished pressure to a syrup which rapidly crystallised. When recrystallised from methyl 
alcohol-acetone the substance had m, p. 147®, yield 50%, [a]!?'’ +128® (c, 1-0 in water); cf. Morell 
and Link (J. Biol. Chem., 1933, 100, 885). 

3 : 4t-Monoacetone a-Methyl-xy-galacturono$ide Methyl Ester. — (a) a-Methyl-D-galacturonoside methyl 
ester (1*2 g.) was shaken with acetone (60 c.c.) containing hydrogen chloride (0*2 g.) for 16 hours. The 
clear solution was poured into aqueous sodium hydrogen carbonate and the 3 : 4-monoacetone derivative 
extracted with chloroform. The extracts were dried (MgS04), and the filtered solution was evaporated 
in a vacuum. The compound (1*1 g.) had m. p. 107° (Found : C, 50'1 ; H, 6-8; OMe, 23*4. CnHi807 
requires C, 50-4; H, 6-9; OMe, 23*6%). 

{b) a-Methyl-D-galacturonoside methyl ester (5 g.) was shaken for 12 hours in acetone (200 c.c.) 
containing anhydrous copper sulphate (6 g.) and concentrated sulphuric acid (0*5 g.). The acid was 
neutralised with copper carbonate, and the filtered solution on evaporation yielded a crystalline product. 
Wlien recrystallised from acetone-ligroin the product (4*5 g.) formed large prisms, m. p. 74®. On being 
heated or on being kept in a vacuum desiccator tlie crystals lost one molecule of water giving a product 
in the form of a fine white powder, m. p. 107®, [a]!?* 4-118® (c, 1*0 in water) (Found : C, 50-0; H, 6*9; 
OMe, 23*6%). 

3 : Monoacetone 2-Methyl a-Methyl-D-galacturonoside Methyl Ester. — The above monoacetone 
compound (3 0 g.) was dried and methylated thrice with silver oxide and methyl iodide, giving the 
ester as a syrup (3 0 g.), b. p. 124® (batlti temp.)/0*3 mm., wff* 1*4210 (Found : OMe, 33*6. CigHjoO, 
requires OMe, 33*7%). On exposure to a moist atmosphere the syrup slowly crystallised. When 
recrystallised from ethyl alcohol-ligroin the monohydrate had m. p. 38®, [a]i?* +116° (c, 1*1 in water) 
(Found : C. 49-2 ; IT, 7*5 ; OMe, 32*4. CiaHao07,H,0 requires C, 49*1 ; H, 7*6 ; OMe, 31*6%). 

2-Methyl a-Methyl-D-galacturonoside Methyl Ester. — A sample of the above compound (0*33 g.) was 
hydrolysed with boiling 33% acetic acid which converted it into a syrupy mixture of 2-methyl a-methyl- 
D-glacturonic acid and its methyl ester (Found : OMe, 36*7. Calc, for CgHi407 : OMe, 27*7. Calc, for 
C,Hi 407 : OMe, 39*5%). The syrup was dissolved in methyl alcohol and esterified by the addition of 
excess of diazomethane. After 2 hours the solvent was removed under reduced pressure and the residual 
syrup distilled; b. p. 190° (bath temp.)/0*3 mm., «§’ 1*4732, [aJlf* +80® (c, 1*1 in water) (Found : OMe, 
37*5. CgHigOy requires OMe, 39*6%). The ester was converted in the usual way into the amide which 
slowly crystallised; m. p. 174®, [ajjf* +56° {c, 0*06 in alcohol) (after recrystallisation from absolute 
ethanol-ether) (Found : N, 6*3; OMe, 27*6, CgHigOgN requires N, 6*3 ; OMe, 28*1%). 
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Oxidation of 2-Methyl 3 : ^-Monoaceione a-Methyl-n-galacturonoside Methyl Ester. — (a) A sample of 
the syrupy monoacetoue compound (1*3 g.) was oxidised by treating it at 100° for 36 minutes with 
nitric acid (d 1-3). There was a copious deposit of crystalline material (0-6 g.) which was difficult to 
recrystallise. It had m. p. 219° (decomp.) alone or in admixture with galactosaccharic acid. 

From the mother liquor there was obtained a small amount of oxalic acid and a syrup (0-6 g.) which 
was a mixture of ill-defined products. 

(6) A further carefully redistilled fraction of the monoacetone compound (0*6 g.) was hydrolysed 
and the products were oxidised by heating them at 80° for 15 minutes with nitric acid (rf 1*3). On being 
kept overnight the solution deposited only a trace of galactosaccharic acid. The nitric acid was distilled 
off with water and the syrupy product converted to the methyl ester (0*8 g.) which was distilled in a high 
vacuum; b. p. 160 — 162° (bath temp.)/0-07 mm., [a]*!?’ —19° (c, 0-27 in water), yield 0*6 g. The ester 
was converted into an amide which crystallised from water in the form of long needles, m. p. 200°, and 
gave a positive Weerman reaction (Found : C, 38 0; H, 6*5 ; N, 12*3 ; OMe, 14*4. C-Hi-OeNo requires 
C, 37*8; H. 6*3; N, 12*6; OMe. 14*2%). 

The University, Birmingham. 

The University, Manchester. [Received, December I2th, 1946.] 


247 . Synthesis of Some Derivatives of d - and 'L-Ardbinose. 

By J. K. N. Jones, P. W. Kent, and M. Stacey. 

D-Arabinose has been converted into 1-methyl u-arabinose via 3 : 4c-monoacetone p-methyl- 
D-arabopyranoside and its 2-methyl derivative. Crystalline l-p-ioluenesulphonyl 3 : ^-mono- 
acetone p-methyl-'D-arabopyranoside has also been isolated together with the crystalline 
ifi-toluenesulphonylhydrazone of 2-methyl Tt-arabinose . Analogous compounds, as well as the 
crystalline anilide of 2-methyl monoacetone i^-arabinose, have been obtained from L-arabinose. 

The identification of n-arabofuranose as a constituent sugar of the polysaccharides of M. tuber- 
culosis (Haworth, Stacey, and Kent, ^55. Amer. Cheni. Soc., Chicago Meeting, 1946, 5 R.) is 
of considerable interest. Although the L-isomer has been found extensively in natural poly- 
saccharides such as the plant gums, reports of the occurrence of D-arabinose in natural com- 
pounds are comparatively rare. Its presence in barbaloin has been claimed by Leger (Bull. 
Soc. chim., 1910, 7, 800) and it has been found in some animal secretions (Neuberg and Wohlge- 
muth, Z. physiol. Chem., 1902, 35, 31). 

The wide occurrence of L-arabinose has led to the formation and study of many of its 
derivatives whereas the reactions and compounds of D-arabinose arc incompletely known. 
With a view to obtaining reference compounds and to the chemical synthesis of biologically 
important pentose-related substances, e.g., 2-deoxyribosc compounds, a number of derivatives 
of D-arabinose w’-ere synthesised. The present paper describes these and also some derivatives 
of L-arabinose required for similar purposes. 

D-Arabinose obtained from calcium gluconate by essentially the method of Hockett and 
Hudson (J. Amer. Chem. Soc., 1934, 66, 1562) was converted into crystalline p-methyl-D- 
arabopyranoside (I). When this compound was treated with acetone in the presence of a 
suitable dehydrating agent, it gave a syrupy monoacetone derivative which was shown to be 
3 ; 4-monoacetone p-methyl-D-arabopyranoside (II) as follows. On its being methylated wuth 


H ,CH,-0 PMe 




HO 


OH H 

(I.) 



methyl iodide and silver oxide there was formed a crystalline monomethyl monoacetone 
p-methyl-D-arabopyranoside (III) (m. p. 46°) which, on hydrolysis with methanolic hydrogen 
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chloride, afforded the 2-methyl p-methyl-D-arabopyranoside (IV) of von Schmidt and Simon 
(7* Chem., 1939, 152, 190). This compound underwent further hydrolysis with aqueous 
acid giving 2-methyl n-arabinose (V) which was converted into a crystalline ^-toluenesulphonyl- 
hydrazone having properties identical with those of the p-methyl-D-arabinose ^-toluene- 
sulphonylhydrazone obtained by von Schmidt and Simon {loc, cit.) by the degradation of 
3-methyl D-glucose. 

From the monoacetone glycoside (II) there were obtained the crystalline 2-^-toluene- 
sulphonyl and 2-methanesulphonyl derivatives (m. p. 134® and 135° respectively), which could 
not be converted directly into the 2-iodo-compound. 

In the presence of acetone and excess of concentrated sulphuric acid, p-methyl-D-arabo- 
pyranoside and monoacetone p-methyl-D-arabop5rranoside, lost their glycosidic groups and 
were conA^erted into diacetone D-arabinose which had properties analogous to those of the 
diacctonc L-arabinose synthesised by Svanberg and Bergman [Chem, Zentr., 1924, i, 1021). 

It has been reported (Ohle and Berend, Bey,, 1927, 60, 810) that treatment of L-arabinose 
with acetone in the presence of anhydrous cupric sulphate gave a monoacetone derivative 
which reduced Fehling’s solution. An analogous monoacetone derivative has now been pre- 
pared from D-arabinose, and although the structure of this has not been fully investigated 
it is likely that the wnpropylidene group engages the 3 ; 4-positions. Thus on further 
treatment with acetone containing 2% sulphuric acid the monoacetone compound was converted 
into a non-reducing diacetone D-arabinose. This was identical with a diacetone D-arabinose 
prepared by the action of acetone containing 3% sulphuric acid upon either p-methyl-D- 
arabinoside or monoacetone p-methyl-D-arabopyranoside in which it is known that the acetone 
group engaged the 3 : 4-positions. 

In the L-series, (3-methyl-L-arabopyranoside was converted into 3 : 4-monoacetone ^-methyl- 
L-arabopyranoside, from Avhich a crystalline 2-toluene sulphonyl derivative (m. p. 134°) was 
obtained. Methylation of the monoacetone glycoside afforded 2-methyl 3 : 4-monoacetone 
^-methyl-h-arabopyranoside. In this compound scission of the acetone group was effected 
by treatment with acetic acid, and the product, 2-methyl ^-methyl-'L-ayabopyranoside, was 
hydrolysed with dilute sulphuric acid giving 2-methyl L-arabinose from which a crystalline 
phenylhydrazone was isolated. 

Treatment of 2-methyl L-arabinose with acetone in the presence of a dehydrating agent 
yielded a crystalline 2-methyl monoacetone L-arabinose which was reducing to Fehling's solution 
and, on being boiled with ethanolic aniline, gave a readily crystallised anilide. 


. Experimental. 

D-Arabinose from Calcium \y-Gluconate , method employed was a modification of that described 
by Hockett and Hudson (/. Amer, Chem, Soc,, 1934, 56, 1632). A solution of ferric acetate, prepared 
by addition of 21 g. of ferric sulphate in 60 c.c. of water to 10'6 g. of barium acetate in 60 c.c. of water, 
was mixed with calcium D-gluconate (200 g. in 2 1. of water), and the resulting solution heated to 
boiling. After filtration, the solution was warmed to 60° and 120 c.c. of 30% hydrogen peroxide in 
1 1. of water were slowly added. After 2 hours, a further 120 c.c. of 30% hydrogen peroxide was added 
to the dark solution (at 60°). After 2 hours the solution was filtered and evaporated to 200 c.c. under 
diminished pressure. To the resulting syrup methanol (1600 c.c.) and ether (800 c.c.) were added. 
The precipitate formed was separated and the filtrate concentrated further to a thick syrup, which 
readily crystallised on standing at 0°. Yield of recrystallised D-arabinose, 61 g. ; m. p. 166° ; 

— 106° (c, T5 in water). 

D-Arabinosc (2 g.) was shaken with dry acetone (1 1.), anhydrous cupric sulphate (80 g.), and barium 
carbonate (10 g.) for 8 days at room temperature. The filtered solution was evaporated to dryness 
and the resulting syrup recrystallised from ether (0*2 g.) ; m. p. 78°; [a]}?* — 111° (c, 1*1 in water, 
no mutarotation) (cf. monoacetone L-arabinose, Ohle and Berend, loc. cit . ; m. p. 76—77° ; [a]D 4- 128°). 
Treatment of this product with acetone and concentrated sulphuric acid yielded diacetone D-arabinose ; 
m. p. 40 — 41° [a]}?” —4° (c, 1*1 in water). 

3 : 4-Monoacetone p-Alcthyl-T}-arabino$ide,—i>-ATahinosQ (26 g.) was converted into the glycoside 
by being refluxed with methanolic hydrogen chloride (1%; 500 c.c.) for 10 hours. The j3-form readily 
crystallised from a small amount of methanol ; m. p. 168°. Yield, 12 g. 

j8-Methyl D-arabinose (2 g.) was shaken at room temperature with dry acetone (100 c.c.) and con- 
centrated sulphuric acid (10 c.c.) for 72 hours. The acid was neutralised (litmus) by addition of 
anhydrous sodium carbonate. The filtered solution was evaporated to dr 3 mess, and the remaining 
syrup distilled in a high vacuum; b. p. 90° (vap. temp.)/0*3 mm.; nW 1*4600 (Found:. OMe, 9*2. 
Calc, for CjHieOj : OMe, 8*9%). 

jS-Methyl-D-arabinoside (10 g.) or 3 : 4-monoacetone j5-methyl-D-arabinoside (10 g.) was shaken for 
24 hours with dry acetone (300 c.c.) and concentrated sulphuric acid (6 c.c.) at room temperature. 
After neutralisation with sodium carbonate the filtered solution was evaporated to dryness and dis- 
tilled in a high vacuum. The distillate rapidly crystallised from ligroin; m. p. 41°; OMe content, nil 
(m. p. 41*6 — 43° for diacetone L-arabinose; Svanberg and Bergman, loc. cit.). 
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2-p-Toluenesulphonyl 3 : 4rMonoacetone fi-Metkyl-D-arabinoside. — 3 : 4-Monoacetone jJ-methyl-D- 
arabinoside (0*2 g.) was dissolved in dry p3nridme (7 c.c.) to which was added />-toluenesulphonyl chloride 
(0*8 g.). After 24 hours at room temperature the mixture was poured into water (200 c.c.), and the 
crude product which separated was recrystallised from alcohol (0*2 g.) ; m. p. 134'^ (Found : C, 63*3; 
H, 6-1; S, 9-3; OMe, 9*2. requires C, 63 5; H, 6-16; S, 8*95; OMe, 8-65%). 

2-Methanesulphonyl 3 : ^-Monoacctone fi-MethyU'D-ardbinoside. — 3 : 4-Monoacetone )3-methyl-D- 
arabinoside (0*3 g.) was dissolved in dry pyridine (10 c.c.) and treated with metlianesulphonyl chloride 
(0*5 g.). After 48 hours the solution was poured into water (260 c.c.). No solid separated, and the 
aqueous solution was extracted several times with chloroform. The chloroform solution was washed 
with dilute hydrochloric acid and then with water and finally dried (NajCOs). Evaporation of the 
resulting solution afforded a syrup which readily crystallised (0*2 g.) from alcohol ; the compound had 
m. p. 136® (Found : OMe, 10*9. CioHigO^S requires OMe, 110%). 

Attempted Formation of 2-1 odo 3 : i-Monoacetone P-Methyl-T>-arabinoside. — (i) 2-/>-Toluenesulphonyl 
3 : 4-monoacetone ]3-methyl-D-arabinoside (0*2 g.) was dissolved in dry acetone (20 c.c.) to which was 
added dry sodium iodide (2 g.). The mixture was heated at 110® for 12 hours in a sealed tube. The 
starting material (0-16 g.) was recovered unchanged. 

(ii) 2-Methanesulphonyl 3 : 4-monoacetone /5-methyl-D-arabiuoside (0*6 g.) was heated with dry 
acetone (25 c.c.) and sodium iodide (2 g.) in a sealed tube at 110° or 130° for 48 hours. The starting 
material was recovered unchanged. 

M ethylation of 3 : 4-Monoacetone p-Methyl-i>-arabopyranoside. — The monoacetone glycoside (0*7 g.) 
was heated for 6 hours with methyl iodide (6 c.c.) and silver oxide (1 g.). After 3 such methylations, 
the syrupy product was distilled; b. p. 136 — 137° (bath temp.)/2 mm. The distillate («jf“ 1*4520) 
readily crystallised on standing, and after recrystallisation from acetone-ligroin the compound had 
m. p. 43°; [a]}f - 145° (c, 1*8, in water) (Found: C, 55*1; H, 8*2; OMe, 28*2. CioHi .Ob requires 
C, 64*9; H, 8*3; OMe, 28*4%). Yield, 0*6 g. 

Formation of 2-Methyl p-Methyl-B-arabopyranoside, — 2-Methyl 3 : 4-monoacetone )8-methyl-D- 
arabopyranoside (0*3 g.) was heated for 3 hours with methanolic hydrogen chloride (20 c.c. ; 6 %) ; 
[®]d* — 130°->--- 35°. The resulting solution was neutralised (litmus) with silver carbonate and the 
filtrate evaporated, giving a syrup, T4602, which crystallised on standing (0*2 g.). After recrystal- 
lisation from methanol-ether the compound had m. p. 48° (Found : OMe, 31*6. CiliiAOK,HiO requires 
OMe. 31*6%). 

2-Methyl n-Arabinose. — 2-Methyl /5-methyl-D-arabopyranoside (0*2 g.) was heated at 100° for 
6 hours with sulphuric acid (n ; 10 c.c.) ; [a]i>* — 96° -> — 56°. The solution reduced Fehling's solution 
and was neutralised (phenolphthalein) with sodium hydroxide and evaporated, and the residue extracted 
with chloroform. On evaporation of the chloroform extract to dryness, 2-methyl D-arabinose was obtained 
as a reducing syrup (0*1 g.) ; 1*4710 (Found : OMe, 18*6. Ce^iaOB requires OMe, 18*9%). 

Treatment of this syrup with phenylhydrazine (3 drops), glacial acetic acid (4 drops), and water 
(2 c.c.) at room temperature for several hours afforded a crystalline phenylhydrazone which, after 
recrystallisation from aqueous ethanol, had m. p. 113° (Found : OMe, 12*2. Ci2Hig04Na requires 
OMe. 12*2%). 

Formation of 2-Methyl D-Arabinose p-Toluenesulphonylhydrazone. — 2-Methyl D-arabinose (0*1 g.) 
was dissolved in absolute alcohol (8 c.c.), treated with j^-toluenesulx.)honylhydrazine (Freudenberg and 
Blummcl, Annalen, 1924, 440, 51) (0*1 g.), and the mixture heated under reflux for 1 hour. On removal 
of the solvent, the ^-toluenesulphon^hydrazone separated, and after recrystallisation from aqueous, 
alcohol had m. p. 143° (decomp.); [aJjJ’ — 17*0° (c, 0*8 in water) (initial value) (Found ; OMe, 9*1. 
CijHgoOeNaS requires OMe, 9*4%). 

3 : 4-Monoacetone p-Methyl-'L-arabinoside. — (a) jS-Methyl-L-aiabopyranoside (2 g.) was shaken with 
acetone (250 c.c.) and anhydrous copper sulphate (10 g.) for 7 days. The^solution was then filtered 
and the filtrate concentrated under diminished pressure to a syrup (2 g.), nff 1*4642. 

{b) (Cf. Robertson and Speedie, 1934, 824.) The arabinoside (2 g.) was shaken with acetone 
(20 c.c.) containing hydrogen chloride (2 g.) for 48 hours. The clear solution was then poured into 
excess of dilute sodium hydroxide solution and the product extracted thrice with chloroform. The 
chloroform solution was then dried (NajCO^), filtered, and concentrated under reduced pressure to a 
syrup (1*8 g.) which was distilled; the compound had b. p. 105° (bath temp.)/0*01 min.; 1*4628 
(Found : C, 52*9; H. 8*1. QHjeOB requires C, 52*9; H, 7*9%) 

The corresponding 2-ji-toluenesulphonyl derivative was prepared by reaction of 3 : 4-monoacctone 
j3-methyl-L-arabinoside (4*0 g.) with ^-toluenesulphonyl chloride (4*6 g. ; 1*1 ml.) in dry pyridine (25 c.c.) 
at 40°. The warm solution was diluted with water and cooled, and the product filtered off and dried. 
Yield, 4*5 g.; m. p. 134° (Found : C, 63*8; H, 6*6; OMe, 8*6. requires C, 53*6; H, 6*2; 

OMe, 8*7%). Hydrolysis of this product with boiling 60% acetic acid gave 2-/>-toluenesulphonyl 
j8-methyl-L-arabinoside in low yield as deliquescent crystals of low melting point. The product was 
not further examined. 

2-Methyl 3 : 4-Monoacetone p-Methyl-L-arabopyranoside. — 3 : 4-Monoacetone j3-methyl-L-arabopyran- 
oside (2 g.) was methylated with silver oxide and methyl iodide and the product distilled under reduced 

g ressure. The corresponding 2-methyl ether distilled at 100° (bath temp.) /0*01 mm. ; mU* 1*4481 (Found : 

, 64*9; H, 8*3; OMe, 28*4. CioH^Oj requires C, 65*1; H, 8*2; OMe, 28*4%). 

2-Methyl p-Meihyl-L-arabopyranoside. — 2-Methy] 3 : 4-monacetone j8-methyl-L-arabop]^ranoside (1*86 
g.) was boiled with water (20 c.c.) containing glacial acetic acid (5 c.c.) for 2 hours ([aj^^* +202° initial 
value, -> + 186°). The solution was concentrated under reduced pressure to a syrup which was distilled 
in a vacuum; b. p. 130° (bath temp.)/0*01 mm.; n|f’ 1*4768. This product crystallised shortly after 
distillation; m. p. 69° (Found: C, 47*0; H, 8*2; OMe, 34*2. C7H14OB requires C, 47*2; H, 7*9; 
OMe, 34*8%). On recrystallisation from acetone-ether the arabinoside separated as the monohydrate, 
m. p. 47° (Found : C, 42*9; H, 7*7; OMe, 31*4. C^Hi^Ob.HjO requires C, 42*9; H, 8*2; OMe, 31*6%). 

2-Methyl h-Arabinose. — j3-Methyl 2-methyl-L-arabinoside (1*06 g.) was hydrolysed with boiling 
N-sulphuric acid (25 c.c.) for 4 hours; [a]2^* + 234° (initial value) + 99° (constant value). The 
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cooled solution was neutralised with barium carbonate and filtered, and the filtrate evaporated under 
reduced pressure to a 530110 which did not ciystallise. With alcoholic phenylhydrazine crystalline 
2-methyl v-ardbinose phenylhydrazone was obtained, m. p. 116® after recrystallisation from alcohol- 
ether-light petroleum (Found: C, 66*8; H, 7*8; N. 10*9; OMe, 12*4. CijHigO^Nj requires C, 66*7; 
H, 7*1 ; N, 11*0; OMe, 12*2%). No crystalline anilide could be isolated. 

On shaking an acetone solution with anh5rdrous copper sulphate 2-methyl L-arabinose gave 2-methyl 
monoacetone lu-arabinose which, on evaporation of the filtered solution, was isolated as a crystalline 
reducing solid, m. p. 117®. It was purified by recrystallisation from acetone and sublimed in a vacuum 
(Found: C, 52*8; H, 7*8; OMe, 16*1. CgHj^Og requires C, 62*9 ; H, 7*8; OMe, 16*2%). 

On being heated with alcoholic aniline this product gave crystalline 2-methyl monoacetone h-arabinose 
anilide, m. p. 143® after recrystallisation from ethyl alcohol (Found : C, 64*4; H, 7*4; N, 4*8; OMe, 
11*0. CigH2i04N requires C, 64*6; H. 7*4; N, 5*0; OMe, 1M%). 

The University, Birmingham. 

The University, Manchester. [Received, December \2ih, 1946.] 


248. The Quantitative Separation of Methylated Sugars. 

By F. Brown and J. K. N. Jones. 

Two methods for the quantitative separation of fully methylated sugars from their partly 
methylated derivatives are described. The first is a standardised procedure for the quantitative 
chromatographic separation of methylated sugar glycosides on activated alumina by means of 
which quantities as small as 245 mg. of tetramethyl methylglucoside can be separated from 
a large excess of 2:3: '6-trimethyl methyl-rf-glucoside. In the second method the fully 
methylated sugar glycoside, which may weigh as little as 36 mg., can be recovered from 
admixture with a large excess of admixed partly methylated sugar glycosides by preferential 
extraction of the fully methylated derivative with light petroleum from water using two 
continuous extraction apparatuses, one fitted above the other. 

Detailed knowledge of structure in the carbohydrate group has been largely dependent upon 
the possibility of separating and identifying the various components of the mixture of methylated 
sugars obtained on hydrolysis of the methyl ethers of the materials under investigation. The 
quantitative aspect of this problem assumed special importance in the development of the 
chemical end group method applied by Haworth and Machcmer (/., 1932, 2270) in their determin- 
ation of the chain length of cellulose. This involved the quantitative separation, by fractional 
distillation, of a very small amount of tetramethyl glucose from a larger amount of 2 : 3 : 6-tri- 
methyl glucose, similar problems being met with in studies on starch and glycogen. Even in this 
comparatively simple case complications are encountered in the course of the fractional distill- 
ation of the mixture of methylated methylglucosides, and special methods had to be adopted in 
order to obtain accurate results (see Hirst and Young, 1938, 1247 ; Averill and Peat, ibid., 
p. 1244; Peat and Whetstone, J,, 1940, 276). In the course of attempts to overcome the 
difficulties inherent in the method of separation by distillation other procedures have been 
elaborated, including, for example, {a) phosphorylation of the partly methylated glycosides 
followed by extraction of the fully methylated glycoside from aqueous solution by organic 
solvents (Hess and Neumann, Ber,, 1937, 70, 710; Leckzyik, ibid., 1938, 71, 829; Hess, 
Grigorescii, Steurer, and Forham, Ber., 1940, 78, 505), and (b) separation of the sugars on silica 
(Bell, /., 1944, 473), or chromatographic separation of the glycosides on alumina (Jones, 1944, 
333). 

An outline of the method of separation of methylated sugar glycosides on alumina has already 
been given (Jones, loc. cit.). We have now standardised this method and find it so sensitive 
that even the a- and p-methylglucosi^s of tetramethyl glucopyranose may be separated partially 
one from another. The recovery of the- sugars by this procedure amounts to 93% of the fully 
methylated sugar, so that a small correction is necessary in order to obtain the exact amount of 
end-group present. 

A further method, which we have developed quantitatively on the semi-micro scale, depends 
upon the fact that fully methylated sugars are much more readily extracted from water with light 
petroleum (b. p. 38 — 40®) than are partly methylated sugars. Tetramethyl methylglucoside 
has a partition coefficient of about 10 between chloroform and water whilst the partition co- 
efficient found for 2:3: 6-trimethyl methylglucoside is about 2 between chloroform and water 
(cf. the work of Macdonald, /. Amer, Chem, Soc,, 1935, 57, 771, who determined the coefficient 
for the corresponding free sugars) . We have found that the partition coefficient of fully methyl- 
ated glucose between light petroleum (b. p. 38 — 40®) and water is about 0*1 whilst the correspond- 
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ing figure for trimethyl methylglucoside is <0*01. The ratio between these last two figures is 
such that we were able to develop a method for the separation of the sugar derivatives by a 
continuous extraction process. 

In carrying out the separation two continuous extractors are fitted, one above the other. 
In the top apparatus is placed the mixture of glycosides dissolved in water or sodium hydroxide 
solution, whilst the bottom apparatus initially contains water only. The apparatus is connected 
to a reservoir flask containing boiling light petroleum (b. p. 38 — 40°) . The vapours are condensed 
and drop through the top solution and extract a mixture of sugars, mainly the fully methylated 
a- and p-glycosides ; the extracts are then washed by passing through the water in the lower 
apparatus and finally return to the reservoir. This extraction is interrupted at intervals, 
solvent evaporated, the residual syrup weighed, and the refractive index determined. When a 
refractive index, combined with optical rotatory determination, shows the extract to be free from 
the fully methylated derivative (Hirst and Young, loc. cit.), the previous extracts are combined 
and dissolved in water, and the whole process is repeated in a similar apparatus. Eventually, 
following this technique, fractions consisting of fully methylated glycosides free from partly 
methylated sugars are obtained. In trial experiments the recovery of fully methylated sugar 
glycosides was of the order of 98 — 102%. By the use of this method the quantitative separation 
of the methylglucosides of 2:3:4: 6-tetramethyl ^f-glucose and 2:3: 6-trimethyl cZ-glucose 
(1:1 mixtures), and of 2:3:4: 6-tetramethyl ^^-galactose and 2:3: 6- trimethyl 6?-glucose 
(1:1 mixtures) has been achieved. This method has also been applied successfully to the 
quantitative separation of one part of tetramethyl methylglucoside (36 mg.) from 24 parts of 
partly methylated methylglucosides (865 mg.), and can be used with reasonable accuracy for 
still lower concentrations of the fully methylated sugar. These methods can therefore be 
applied to the determination of the size of the repeating unit of methylated polysaccharides. 
Since the partition method is applicable also to the quantitative separation of fully methylated 
pentose sugars from partially methylated pentose and hexose sugars, it can be used for the 
quantitative determination of the sugars formed on methanolysis of the complex methyl ethers 
of gums and mucilages ; as an example of its utility the quantitative separation of the methyl- 
glycosides produced on hydrolysis of methylated peanut araban is described. The results 
obtained are in full agreement with those obtained by using the distillation procedure (Hirst 
and Jones, in the press). 

Experimental difficulties may arise if the methylated polysaccharide is not rigorously purified 
before methanolysis, since any impurities present in it which are soluble in light petroleum will 
contaminate the fully methylated sugar finally obtained. In the event of a coloured and impure 
fraction of fully methylated sugar being isolated it may be purified by distillation in an apparaus 
of the type described by Ellis (Chem. and Ind., 1934, 77). The loss during the final distillation 
is less than 1 mg. on quantities of the order of 40 to 100 mg. of tetramethyl methyl-c/-glucoside. 


Experimental. 


As a result of many experiments with various solvents and weights of alumina the following technique 
was found to be the most satisfactory for the separation of tetramethyl a- and j5-methy]-rf-glucoside 
from a mixture of 2 : 3 : 4 : 6-tetramcthyl methyl-i-glucoside and 2:3: 6-trimethyl methyl-ti-glucoside. 

A solution of 2 : 3 : 4 : 6-tetramethyl a-methyl- (530 mg.) and j3-methyl- (515 mg.) d-glucoside and 
2:3: 6-trimethyl methyl-ti-glucoside (1-02 g., prepared from pure 2:3: 6-trimethyI ^-glucose) in light 
petroleum (b. p. 60 — 80°; washed with sulphuric acid and sodium hydroxide solution and distilled) 
was passed through a column of alumina (from the British Aluminium Co., Burntisland, Scotland, activated 
at 360° for 4 hours; 350 g., length 18 ins., cross section If ins.), and the column developed with chloro- 
form [dried (CaClg) and distilled]. The eluate was collected in fractions (100 c.c.) each of which was 
tested for the presence of sugars by the Molisch test after withdrawing a sample (5 c.c.) and removing 
the solvent by evaporation. After the passage of chloroform (1100 c.c.), fractions of sugar were isolated 
having the following properties, all rotations being measured in chloroform solution : (^1) 50 mg., w]*'’ 
1-4440, [o]}?'’ 4-75°; (2) 60 mg., mJ?' 1-4436, [a]}f -f 110°; (3) 125 mg., wf?" 1-4442, [a]]?” 4-130°; (4) 
90 mg., 1-4437, [ali®’ 4-83°; (5) 70 mg., «{?• 1-4436, [aJif" 4-68°; (6) 105 mg., wf?" 1-4420, 
4-20°; (7) 440 mg., wjf’ 1-4414 (superfused), [a]}?’ —25°. The syrup from this fraction crystallised; 
m. p. 37°. Total yield, 940 mg. (92% recovery). The next fractions gave a weak positive Molisch test 
but left no weighable residue of sugar on evaporation. The trimethyl methyl-<f-glucoside was eluted 
with methyl alcohol. Yield, 1-0 g. Since the yield of fully methylated sugar which would be isolated 
from a partly methylated starch of weight 5 g. (an amount convenient to handle in methylation work) 
is about 240 mg., tetramethyl methylglucoside (245 mg., 1-4440) and trimethyl methylglucoside 
(382 mg., nj>’ 1-4672) were separated. The sugars, dissolved in light petroleum (b. p. 40 — 60°, 50 c.c.), 
were passed through a column of activated alumina (18 ins. x IJ ins.). The alumina was then eluted 
with alcohol-free, dry chloroform and the following fractions of sugars isolated on concentration of 100 c.c. 
portions of the chloroform eluate : Fraction A (28 mg.), wj?’ 1-4462; Fraction B (49 mg.), 1-4460; 

Fraction C (61 mg.), «}f* 1*4449; Fraction D (24 mg.), t*},®' 1*4440; Fraction E (64 mg.), n\f* 1-4420; 
Fraction F (20 mg.), 1*4416. This last fraction crystallised ; m. p. of solid, 37°. Two further 
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fractions contained a negligible amount of sugar (<1 mg.) — thereafter trimethyl methylglucoside waa 
eluted. This yield of sugars (Fractions A to F, 226 mg.) corresponds to a yield of 93%. 

Since the yield of 2 : 3 : 4 : 6-tetramethyl methyl-ef-glucoside was 92%; a correction is necessary when 
applying this method to the determination of the repeating unit of methylated starch or glycogen. 
The technique described above is applied to the separation of approximately equal parts of tetramethyl 
and trimethyl methyl-d-glucosides. To approximate to these conditions when carrying out a determin- 
ation of the repeating unit of a polysaccharide it is necessary to carry out a preliminary enrichment of the 
tetra ** fraction present in the hydrolysis products from the methylated polysaccharides. This is carried 
out by the following general procedure. The methylated polysaccharide is hydrolysed by boiling with 
methanolic hydrogen chloride. After neutralisation of the solution, with silver carbonate, N-sodium 
hydroxide (slight excess), or diazomethane, and filtration if necessary, solvent is removed at 760 mm. on 
the water-bath and finally in a vacuum at 25®, and the residual syrup dissolved in water (ca. 60 c.c.) and 
extracted continuously with redistilled sulphur-free light petroleum in an all-glass apparatus for about 
4 hours. This procedure usually removes all the fully methylated sugar from the aqueous solvents 
along with about an equal weight of trimethyl methylglucoside. To guard against incomplete extraction, 
the water solution is again extracted with light petroleum (b. p. 38 — 40°) for about 4 hours, and the extracts 
are added to the first extract. If the sodium hydroxide neutralisation technique is used, contamination 
of the fraction rich in fully methylated sugar with methyl la^vulate is avoided. These extracts are then 
combined and concentrated, and the product is weighed and subsequently separated on the column 
as described above. 

Quantitative Separation of Fully Methylated Sugars from Partly Methylated Sugars by Partition between 
Water and Light Petroleum (b. p. 38 — 40®). — The mixture of methylated methylglucosides is dissolved 
in dilute sodium hydroxide solution (to remove traces of acids and esters) and extracted continuously 
in an apparatus consisting of two all-glass continuous extraction vessels ('* Quickfit and Quartz/EX8/23) 
in series. The solution of sugars (40 c.c.) is placed in the top apparatus ; the second extractor contains 
water (75 c.c.) which serves the purpose of washing the light petroleum extracts. 

In a trial experiment fully methylated glucose (w}?" 1*4434 ; 257 mg.) and trimethyl methylglucoside 
(wjJ* 1*4572; 223 mg.) were dissolved in water (40 c.c.) and extracted in the apparatus for 2J hours. 
Concentration of the extract gave a sjmip (235 mg. ; 1*4434 ; [“]??* +63°, in water). Further extrac- 
tion for two hours gave a syrup (20 mg. ; 1*4430; +40°, in water). Two further extracts of 

2 hours each gave products (9 mg. and 12 mg.) which were trimethyl methylglucoside. Recovery is 
therefore 255 mg. or 99%. 

In a second experiment tetramethyl methylglucoside (126 mg. ; 1*4437) and trimethyl methyl- 

glucoside (129 mg. ; wj?* 1*4672) were dissolved in water (50 c.c.) and extracted as before for 2J hours. 
Concentration of the extract left a residual syrup (107 mg. ; wj)®'* 1*4431 ; +38°). Further extraction 

for 2 hours gave a syrup (23 mg. ; w},®* 1*4423 ; [a]f?* +14°). Continuation of the extraction (2 periods 
of 2 hours) gave on concentration a very small yield of syrup (1 — 2 mg.). Recovery of fully methylated 
glucose, 102%. 

In the above two experiments the ratio of tetramethyl to trimethyl methylglucoside is about 1:1. 
With most polysaccharides, e.g., starches and celluloses, the proportion of end group is much less than this, 
and further experiments were carried out to test the accuracy of this method when applied to mixtures 
containing one part of tetramethyl methylglucoside to 19 — 34 parts of trimethyl methylglucoside. Fully 
methylated glucose (140 mg. ; wfi®’ 1*4438) and trimethyl methylglucoside (2577 mg. ; mJ?* 1*4674) were 
dissolved in water (50 c.c.) and extracted for 5 hours. Concentration of the extract left a syrup (C) 
(347 mg.; wJJ’ 1*4610). Further extraction vrith light petroleum gave a syrup (93 mg.; wif’ 1*4660) 
which contained no fully methylated glucose since on extraction in the same, way for 5 hours it yielded 
trimethyl d-methylglucoside (7 mg.) only. Accordingly the extract (C) (347 mg.) was dissolved in water 
(50 c.c.) and extracted once again for 6 hours. Yield of syrup, 138 mg.; 1*4434; [a]??’ +60° (in 
water). Further extraction for two hours gave the partly methylated glucose (16 mg.), wJJ* 1*4662. 
Recovery of fully metliylated glucose is therefore 138 mg. (98*6%). 

In another experiment a mixture of tetramethyl (53 mg. ; 1*4438) and 2:3: 6-trimethyl methyl- 

if-gluco.side (1715 mg.; w},®’ 1*4574) and 2 : 3-dimethyl methylglucoside (157 mg.,; m.p. 79°) were put 
through this double procedure which resulted in a recovery of 98% of the fully methylated sugar (62 mg. ; 
wi>®* 1*4441; [a]jo- +80°). 

In a further experiment a mixture of tetramethyl methylglucoside (36 mg. ; wj?* 1*4440), 2:3: 6-tri- 
methyl methylglucoside (865 mg. ; w}?* 1*4582), and 2 : 3-dimethyl methylglucoside (26 mg. ; m. p. 79°) 
was extracted in the same way and gave a recovery of the fully methylated sugar of 100% (36 mg. ; 
«1)®’ 1*4441; [ajr+80° in w^ter). 

Separation of Tetramethyl Methylgalactoside arid 2:3: ^-Trimethyl Methylglucoside, — Heptamethyl 
methyl-lactoside (199 mg. ; m. p. 77 — 79°) was dissolved in boiling methanolic hydrogen chloride (26 c.c. ; 
1 %) and hydrolysed by foiling the solution for 8 hours. The solution was then neutralised with N-sodium 
hydroxide and concentrated in a vacuum to a syrup which was dissolved in water (60 c.c.) and extracted 
continuously with light petroleum (b. p. 38 — 40°) in the standard apparatus. Continuous extraction of 
the aqueous solution for 9 hours gave tetramethyl methylgalactoside [105 mg. (96%) ; wJJ* 1*4492] on 
concentration of the extracts. Further extraction for 3 hours gave, on removal of the solvent, < 3 mg. 
of syrup. The syrup (106 mg.) was hydrolysed with boiling N-hydochloric acid, and the syrupy 2 : 3 : 4 : 6- 
tetramethyl df-galactose isolated in the usual manner and identified by conversion into the correspond- 
ing c^stahine anilide, m. p. and mixed m. p, with an authentic specimen, 190°. The aqueous solutions 
remaining in the apparatus were then combined and extracted continuously with chloroform. Removal 
of the solvent left 2:3: 6-trimethyl methylglucoside [102 mg. (98%) ; 1*4674], identified after 

hydrolysis with boiling N-hydrochloric acid as 2 : 3 : 6-trimethyl ^f-gluco^. 

Separation of the Hydrolysis Products of Methylated Peanut Arahan. — (a) Methylated peanut araban 
(4*4 g.) was boiled with methanolic hydrogen chloride (1% ; 100 c.c.) during 7 hours. The cooled solution 
was neutralised with silver carbonate and filtered. The filtrate on concentration gave a mixture of glyco- 
sides (5*2 g.) w+ich was fractionated. A portion of this syrupy product (1*619 g.) was dissolved in water 



[ 1947 ] Qualitative Semimicro-analysis, etc. 1347 

(60 c.c.) and extracted continuously in a double extractor with purified light petroleum (b. p. 38 — 40®)* 
The following fractions were obtained: Fraction 1 (0*498 g.), 1*4380; Fraction 2 (0*039 g.), 

1*4439; Fraction 3 (0*63 g.), 1*4610. Fractions 1 and 2 contained 0*617 g. of trimethyl methyl- 

/-arabinoside corresponding to a yield of 32% (calculated on the weight of glycosides) (Found by the 
distillation method : 32*2%). 

(b) A further portion of the methanolysis product (1*31 g.) of methylated j^anut araban was dissolved 
in water (50 c.c.) and extracted continuously in a double extractor as described above. The following 
fractions were isolated : 2:3: 6-Trimethyl methyl-/-arabinoside (0*42 g.), 1*4390 (Found : OMe, 

-59*7. Calc, for : OMe, 60*2%) ; 2 : 3-dimethyl methyl-Z-arabinoside (0*40 g.), Wd” 1*4530 

(Found : OMe, 48*2. Calc, for CgHigOg ; OMe, 48*4%). The residual aqueous solution on concen- 
tration gave 2-methyl methyl-/-arabinoside (0*46 g.), 1*4749 (Found : OMe, 37*2. Calc, for C 7 H ,405 : 

OMe, 34*8%). Total recovery of sugars, 98%. These figures indicate that trimethyl, dimethyl, and 
monomethyl methyl-^arabinoside were present after methanolysis in equimolecular proportions. 

The authors thank Professor E, L. Hirst, F.R.S., for his interest and advice and the Briti.sh Cotton 
Industry Research Association for the award of a Shirley Fellowship to one of them (F. B.). 

The University of Manchester. [Received, December \Zth, 1946.] 


249 . Qualitative Semimicro-analysis with Reference to Noyes and Bray’s 
System : Partied Analysis of the Combined Nickel, Zirconium, and 
Rare-earth Groups. 

By Christina C. Miller. 

A scheme of analysis is presented for the detection and approximate determination of 0*25 — 

50 mg. of manganese, cobalt, or nickel, 0*26 — 10 mg. of titanium, zirconium, indium, or scan- 
dium, and a small amount of zinc (minimum 0*26 mg.) in solutions containing a maximum of 
60 mg. referred to the metals. These include all the more important elements present in the 
combined nickel, zirconium, and rare-earth groups of Noyes and Bray's scheme. The maximum 
amount of any one rare-earth group metal is 10 mg. In separate portions of the solution, 
manganese, cobalt, nickel, titanium, and zirconium are detected, respectively, by means of 
potassium periodate, ammonium thiocyanate and extraction with butyl acetate, dimethyl- 
glyoxime, chromotropic acid, and />-hydroxyphenylarsonic acid. In a sixth portion zinc is 
separated from cobalt and more than 1 mg. of nickel, and tested for with copper sulphate and 
ammonium mercury thiocyanate. Finally, in a seventh portion indium and scandium are 
isolated. Indium is precipitated as indium sulphide and confirmed with alizarin, and scandium 
detected by means of alizarin -S or morin. 

Schemes for the analysis on a semimicro-scalc of seven groups of Noyes and Bray's system 
(“ A System of Qualitative Analysis for the Rare Elements," 1927) have already been reported 
by Miller and Lowe (J„ 1940, 1258, 1263) and Miller (/., 1941, 72, 786; 1943, 72). This paper 
describes the further application of semimicro-analytical methods to the detection of man- 
ganese, cobalt, nickel, zinc, titanium, zirconium, indium, and scandium in a group containing 
all the more important metals associated with the nickel, zirconium, and rare-earth groups of 
Noyes and Bray's scheme. 

After removing metals precipitable by hydrogen sulphide in acid solution, Noyes and Bray 
precipitate those of the ammonium sulphide group in two separate operations. From one 
precipitate iron, gallium, and components of the aluminium group are eliminated, leaving 
indium, zirconium, and titanium (zirconium group), some rare-earth group metals, and traces 
of cobalt, nickel, and zinc. From the other precipitate components of the aluminium group 
are removed, leaving manganese, cobalt, nickel, and a little zinc (nickel group), and some 
rare-earth group metals. In the course of analysis of the second precipitate the rare-earth 
group portion is separated and added to the first precipitate, from which the whole rare-earth 
group (scandium, thorium, yttrium, lanthanum, cerium, etc.) is extracted before the zirconium 
group proper is analysed. A variable amount of indium is located in the rare-earth group so 
that the metal has to be tested for twice. 

The method of analysis used here is entirely different. It is supposed that the above 
precipitates are dissolved in hydrochloric acid and the solutions combined to give a mixture 
inclusive of all the components of Noyes and Bray's three groups. The mixtures considered 
here may contain any of e.g., manganese, cobalt, nickel, titanium, zirconium, zinc, indium, 
scandium, thorium, yttrium, cerium, lanthanum, neodymium, and praseodymium. In portions 
of them the first five, and sometimes zinc, are tested for directly. Indium and scandium, 
and zinc in certain circumstances, are detected after they have been freed from interfering 
eluents. In this connection organic solvents as extractants play , an important part. As 
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in earlier papers the experimental conditions described permit the detection of the above 
metals in accordance with the limits set forth in the summary. Provision is made for the 
presence of group contaminants, e,g., iron, gallium, and members of the aluminium group. 
Because of scarcity of material the question of the detection of hafnium, which behaves like 
zirconium, has not yet been considered, and other rare-earth metals have not been taken into 
account. 

Particulars regarding the isolation of the rare-earth group of metals from one half of the 
above mixtures, and the subsequent analysis of the group, will, it is hoped, be given later. 

Experimental. 

Preparation of the Group for Analysis. — Mixtures containing chlorides or nitrates of the various 
metals and some hydrochloric acid were evaporated just to dryness and taken up in 1 ml. of 6N-hydro- 
chloric acid. 

Nickel, Zirconium, and Rare-earth Groups. 

(The figures in parentheses are referred to in ** Notes on Methods and Tests.”) 

Solution. — Contains cobalt, manganese, nickel, titanium, zirconium, zinc, indium, scandium, 
thorium, yttrium, lanthanum, cerium, neodymium, and praseodymium as chlorides in 1 ml. of 6 n 
hydrochloric acid. Test separate portions as follows : 

(a) Test 1% for Co in a test-tube {|" x 3"). Make 015 ml. of solution, 2n in HCl, add 10 — 20 mg. 

of NH4F and NH4SCN in large excess. Add 0-2 ml. of w-butyl acetate and shake briskly. A blue 
colour in the ester shows Co. Increase the ester to a maximum of 2 ml. when much Co is present. 
Compare with standards . ( 1 . ) 

(b) Test 1% for Mn in a 6-ml. beaker. Add 0*05 ml. of H3PO4 (88%) and expel HCl by evaporating 
on the hot-plate. Then add 1 ml. of 2 n-HN 08 and 10 mg. of KIO4, and keep the solution at the boiling 
point in the covered beaker for at least 15 mins., keeping the volume constant by additions of water. 
A purple colour shows Bln. Centrifuge if necessary and compare with standards. (2.) 

{c) Test 1% for Ni in a 0-5-ml. centrifuge tube. Add 01 ml. of 12% aqueous citric acid and 0 05 ml. 
of ammonia (d 0*88). Heat to 80®, add 0*06 ml. of 5% aqueous dimethylglyoxime (Na salt) — allow more 
for Co (0*1 ml. per 0*5 mg.) — stir thoroughly, and heat further for 1 min. If a red precipitate due to 
Ni appears, ensure complete precipitation, then centrifuge without cooling, separate the precipitate, 
dissolve it in 2n-HC1, and reprecipitate as before. Compare with standards. (3.) 

{d) Test 0-25 — 1% for Ti on a spotting tile. Add 0 04 ml. of 0’2M-SnCl2 in n-HCI and 0*05 ml. 
of 1% chromotropic acid in concentrated H2SO4. Compare a violet colour, which shows Ti, with 
standards. (4.) 

(e) Test 5% for Zr in a 1-ml. centrifuge tube. Make 0-25 ml. of solution, 4 n in HCl, add 0-05 ml. 
of perhydrol if Ti is present, heat, and add 0-1 ml. of 4% aqueous />-hydroxyphenylarsonic acid. Heat 
in boiling water for 2 mins, and centrifuge. If a precipitate is present, separate it and add 0-06 ml. 
of perhydrol and 0*1 ml. of 2N-NaOH. Stir up, centrifuge, separate Zr(OH)4, and dissolve it in 0-1 ml, 
of IOn-HCI and 0-1 ml. of water. Treat with ^-hydroxyphenylarsonic acid as before. A white pre- 
cipitate shows Zr. Centrifuge and compare with standards. (5.) 

(/) Test 10% for Zn. (i) Co absent, Ni < 100 fig. Make 0-25 ml., N in HCl, in a 0’5-ml. centrifuge 
tube, add 0-01 ml. of 0*01 m-CuSO 4 and 0*1 ml. of ammonium mercury thiocyanate reagent (30 g. of 
HgCla and 33 g. of NH4SCN in 100 ml. of water). Stir briskly and centrifuge. A black or violet pre- 
cipitate shows Zn which should be compared with standardvS. (0.) 

(ii) Ni > 100 fig., and/or Co present. Make 0*5 ml., 2n in HCl, in a “ Pyrex ” test-tube (| " X 3”), 
add a large excess of NH4SCN and 100 mg. of NH4F, and extract twice with 1 ml. of w-butyl acetate. 
Evaporate the combined extracts, with the af«4 ,of an air current, in a “ Pyrex ” test-tube placed in boiling 
water. Next cautiously decompose the thiocyanates with concentrated HNO3, and finally heat in a 
flame (air current still flowing) until all volatile pk^ducts are expelled. 

If Co is absent, dissolve ffiie residue in 0*25 ml. of N-HNO3 and test for Zn as in (i). If <500 fig. 
of Co is present, add 0*2 ml. of water, 0*2 ml. of 2N-NaOH, and a drop of 3% HjOj, boil, centrifuge, 
remove the solution, and add to it 0*04' ml. of concentrated HNO3. Test for Zn as in (i). 

If >500 fig. of Co is present, add to the residue 0*1 ml. of water and just enough 10% aqueous 
KCN to convert Co into a soluble complex. Add 1 drop of perhydrol and boil for a few mins, to form 
cobalticyanide. Then add glacial acetic acid in 20% excess by volume, and 0*05 ml. of 10% aqueous 
potassium cobalticyanide, and heat. If a turbidity appears heat further to coagulate. Separate and 
wash the precipitate, which may be zinc cobalticyanide, without stirring it up, in 2N-acetic acid. To 
confirm Zn add to the precipitate 0*05 ml. of 4N-H2SO4, heat until fumes of H2SO4 appear and the 
precipitate is dissolved, and proceed with the removal of Co and the final test for Zn as above. (7.) 

(^ Test 10% for In and Sc in a test-tube (J” x 3"). Add 0 05 ml. of IOntHCI, 0*05 ml. of water, 
and 0*3 ml. of 10% aqueous cupferron. Extract thrice with 1 ml. of chloroform. To the residual 
aqueous layer add a large excess of NH4SCN and extract twice with 1 ml. of «-butyl acetate. Wash 
the combined extracts with 0*06 ml. of 2 n-HC 1, saturated with NH4SCN. Expel the ester, destroy 
thiocyanates, and remove volatile products as described under (/, ii). Dissolve the residue in 0*16 ml. 
of water, make approximately neutral, and add sufl5cient 10% aqueous KCN to convert Co and Zn 
into soluble complexes. Add a drop of perhydrol, boil, add a few drops of 2N-NaOH, and reboil for a 
short time. If a precipitate rin(OH)a and Sc(OH)3] appears, separate it, wash it with hot water, and 
dissolve it in 0*5 ml. of 2N-acetic acid. (8.) 

(i) Test for In. Into the hot solution pass H^S for 10 mins. A yellow precipitate shows In, 
Centrifuge and determine it. If desired, confirm a small precipitate, after washing it, with alizarin. (9.) 

(ii) Test for Sc in the centrifugate from InjSs. HoS must be absent for test (fi). 

(a) To 0*25 ml. of 2N-acetic acid add 0*01 ml. of 1% aqueous alizarin-S and 0*06 ml. of the test 
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solution, and set aside for 5 mins. If no pink colour is. observed add more test solution gradually up 
to a maximum of 0*25 ml., and more reagent if necessary. If a pink colour due to Sc appears readily, 
add additional reagent gradually. Should the colour become too deep a red, repeat the experiment 
with less of the test solution. Compare with standards. Allow 20 mins, for full colour develop- 
ment. (10.) 

()8) To 0*25 ml. of 2N-acetic acid add 0*01 ml. of morin (0*02% in acetone) with which Sc shows a 
green fluorescence in ultra-violet light. Gradually add the test solution, up to a maximum of 0*25 ml. 
if necessary, until a match is obtained with a standard containing between 1 and 50 fig. of Sc. (11.) 

(A) Reserve 50% for the isolation of the rare-earth group. 

Notes on Methods and Tests. — ^The experimental technique has been described in earlier papers of 
the series. 

Note 1. The amount of ammonium thiocyanate was such that some remained undissolved through- 
out the extraction process. The ammonium fluoride masked titanium (0*6 mg.) and group con- 
taminants. e.g., iron, vanadium, and uranium. 0*5 fiG. of cobalt was detectable in 0*2 ml. of ester. 
The extraction of cobalt was highly efficient, and 2 ml. of ester were used merely when the colour was 
otherwise too dark for matching purposes. The detection of 1 fig. of cobalt was not affected by the 
presence of at least 1 mg. of any of its as.sociates, or of any member of the aluminium group (Al, Bo, 
Crvi, WVi, Ijvi, VV), or of iron or gallium. Cobalt was not retained by the precipitated fluorides of 
the rare-earth metals. 

Note 2. The limit of identification of manganese was 0*5 fig., and 50 fig. was the maximum desir- 
able for the comparison of colours. The solution could be further diluted with water. 2 fiG. of 
manganese were found in association with 1 mg. of any of the elements mentioned in Note 1, except 
chromium (VI), of which only 100 fig. were permissible without the preparation of a blank experiment. 
Phosphate precipitates deposited by titanium, zirconium, and cerium, especially the last, tended to 
retain a little manganese. 

Note 3. Ammonium citrate held all the metals in solution. 0*5 fiG. of nickel was detectable. Ex- 
cess of dimethylgly oxime commonly separated out from cold solutions without seriously affecting 
estimations. Nickel was detectable in association with at least a 1000-fold excess of the metals cited 
in Note 1, including cobalt, if sufficient reagent was present. Iron and cobalt together may form a 
brown precipitate with dimethylglyoxime. 25 fiG. of iron, which is much more than one would exi^ect 
to have here, did not upset the detection of 1 fig. of nickel in the presence of 1 mg. of cobalt, if prolonged 
boiling was avoided, l^precipitation of the nickel complex corrected for a marked diminution in the 
bulk of the precipitate, caused by other metals and especially cobalt. 

Note 4. The final concentration of 50% sulphuric acid was chosen because, at lower concentrations, 
the sensitivity of the te.st was reduced, and, at much higher concentrations, the chromotropic acid 
itself gave too pronounced a colour, probably because of impurity. Stannous chloride prevented or 
reduced the interference of iron, vanadium, tungsten, and uranium. 0*5 fiG. was just detectable, 
and 26 fig. were set as a maximum for determinations and for the amount of reagent recommended. 
Colours did not deteriorate within two hours. 2 fiG. of titanium were detectable in the presence of at 
least a 1000-fold excess of any component of the group, or of aluminium, beryllium, gallium, or zinc ; 
and 6 fig., with a 100-fold excess of chromium, iron, uranium, or vanadium, or a 10-fold excess of 
tungsten. 

Note 5. This test was used for the detection of zirconium in the tantalum groui:). Precipitation 
was best effected in a solution 2 — 5n in hydrochloric acid, and 1 fig. of zirconium was just detectable. 
The maximum amount of titanium under consideration was held adequately in solution by pcrhydrol, 
provided that heating was not prolonged. The titanium complex, if inadvertently deposited, was 
readily soluble in a drop of hydrochloric acid and a drop of perhydrol, whereas even a small precipitate* 
of the zirconium complex remained undissolved- Other metals in the solution might reduce the bulk 
of the complex. The reprecipitation process prevented under-estimation, and at the same time elimin- 
ated any titanium that might have been carried down. 5 — 10 fiG. of zirconium were found in associ- 
ation with 100 times the amount of titanium. 2 fiG. were detectable in the presence of at least a 1000- 
fold excess of any other group component, and also of iron, gallium, aluminium, beryllium, chromium, 
uranium, or vanadium. 

Note 6. Zinc was detected in the aluminium group by this method. Nitric acid solutions are said 
to give superior results, but tests made in hydrochloric acid solution were very satisfactory also, 2 fig. 
of zinc being found. 10 fiG. of zinc were detectable in association with at least a 100-fold excess of 
scandium, and a 600-fold excess of manganese, indium, zirconium, gallium, iron (more reagent needed), 
or rare-earth group metals. Only a 100-fold excess of titanium, which hindered the deposition, was 
permissible. Nickel greatly hindered the precipitation and a 6-fold excess only could be tolerated. 
Cobalt reacted with ammonium mercury thiocyanate and, in the presence of copper sulphate, violet 
and black precipitates like those for zinc might be obtained. Consequently cobalt had to be com- 
pletely removed before zinc was tested for. 

Note 7. The extraction of cobalt and zinc from thiocyanate-fluoride solutions by means of n-butyl 
acetate was essentially complete, and practically nothing except a little indium accompanied them, 
even when the maximum amounts of other metals were present. After the destruction of thiocyanate.s, 
and when cobalt was absent, the direct test for zinc was applicable. Experiments made with 25 fig. 
of zinc in association with varying amounts of cobalt showed that the separation of 0*6 mg. of the 
latter by means of sodium hydroxide involved the loss of 40% of the zinc. Wlien, therefore, more than 
0*5 mg. of cobalt was present it was converted into cobalticyanide, and zinc precipitated as zinc cobalti- 
cyanide. As a precipitate might be produced by traces of other metals, it was essential to dissolve 
it, separate cobalt, and test for zinc as above. In mixtures containing in addition to 26 fig. of zinc, 
6 mg. of cobalt, nickel, manganese, or rare-earth group metals, or 1 mg. of each of titanium, zirconium, 
indium, and scandium, the amounts of zinc retrieved were 12, 10, 10, 20, and 26 fig., respectively. The 
low results were attributed to diflSculty in recovering all the zinc cobalticyanide, which was veiy finely 
divided and separated extremely slowly. 

4s 
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Note 8. For indium and scandium no direct tests applicable in the presence or any or all of the 
group components were found. The tests for scandium re(;[uired the absence of a great many elements, 
and &iat for indium, a considerable number. The series of simple operations prescribed separated indium 
and sc^dium, with comparatively little loss, from all the other members of the group and likely 
contaminants. For instance, cupferron and chloroform eliminated titanium, zirconium, iron, gallium, 
vanadium, and some rare-earth metals (Lundell and Hoffman, Outlines of Methods of Chemical 
Analysis,'' 1938, 118). The bulyl acetate extract contained indium, scandium, zinc, and cobalt, and 
contaminants, e.g,, aluminium, beryllium, uranium, and tungsten. By means of potassium cyanide 
and sodium hydroxide all of these except indium and scandium, which were precipitated as hydroxides, 
were taken into solution. 

Note 9. The above separation of indium and scandium was so satisfacto^ that the precipitation of 
indium sulphide sufSced for the detection of the element, 6 ftg. being readily found. For a doubtful 
test [precipitate too pale (ZnS), or discoloured (CoS)] confirmation by means of alizarin (Wenger, 
Helv, Chim, Acta, 1946, 28, 639) is recommended. The hydrochloric acid solution of the precipitate 
is spotted on drop-reaction paper which has been impregnated with alizarin (0*2% in alcohol), and 
the spot developed over concentrated ammonia. The paper is then momentarily dipped in 10% 
aqueous potassium cyanide and finally soaked in saturated aqueous boric acid. Indium leaves a 
violet-pink spot. The cyanide destroys colours initially produced by zinc and cobalt. 

Note 10. The test with alizarin-S (Beck, Mikrochim. Acta, 1937, 2, 9) must be made in a weakly 
acid solution. The colour develops slowly and its depth varies with the acid concentration. In 
2N-acetic acid interference from rare-earth metals is prevented, and that from other metals minimised. 
Indium did not itself react but, in the presence of scandium, it intensified the colour. The limit of 
identification of scandium was 2 /ig., and amounts in excess of 25 fig. gave too deep colours for deter- 
mination. 25 fiG. of scandium required fully 0*1 ml. of the reagent. An excess is undesirable because 
of its own colour. 

Note 11. This test was described by Beck {loc. cit.). Under the prescribed conditions 1 ftg. of 
scandium w^as detectable. For determinations the upper limit was 60 fxg. Many other elements 
fluoresced, e.g., thorium, siirconium, yttrium, indium, gallium, aluminium, beryllium, and zinc. A 
few quenched the fluorescence of scandium. The method of isolating scandium was, however, so 
satisfactory that the brightest fluorescence noted in mixtures containing 6 mg. of other elements, and 
no scandium, corresponded to <2 f^g. of scandium. 

Analysis of Mixtures. — Eight mixtures were analysed in order to test the validity of the scheme. 
All contained, in addition to the normal group components, 0*6 mg. of each of iron, gallium, aluminium, 
and vanadium as contaminants. No, 6 contained 40 mg. of rare-earth group met^s (Th, Y, Ce, La, 
and Pr) ; No. 7, 8 mg. of thorium and 1 mg. of lanthanum; and No. 8, 1 mg. of 3 rttrium. The results 
shown in the table are the estimated weights in mg. of the metals found. Where these diflered from 
the weights taken, the latter are shown in parentheses. 



Co. 

Ni. 

Mn. 

Zn. 

Ti. 

Zr. 

In. 

Sc. 

1 

33 (44) 

0-2 (0 26) 

0 

0*1 (0*26) 

0*2 (0*26) 

0*7 (1) 

0 

0*1 (0*26) 

2 

0*26 

0-26 (0-6) 

34 (28) 

1 (2) 

0*4 (0*5) 

3(4) 

0*4 (0*6) 

0*6 

3 

6(6) 

14 (12) 

6(7) 

0 

2*5 (4) 

8(9) 

7 (6) 

3 (4) 

4 

0*6 

0 

0*4 (0*5) 

0 

0 

0*6 

0*5 (1) 

5 (7) 

5 

1*75 (1) 

1-6 (2) 

3 

0*15 (0-25) 

6 

0 

0*3 (0*6) 

0*16 (0*25) 

6 

0 

1-76 (1) 

0 

0 

1 

0 

7 (10) 

0*6 (1) 

7 

43 (32) 

0 

0*26 

0*6 (1) 

0 

0 

0 

0 

8 

0 

27 (36) 

0*7 (1) 

1 (0-5) 

1 (0-6) 

0*2 (0*25) 

0*2 (0*25) 

0 


The results were considered satisfactory, and all the tests, except that for zinc in the presence of 
much cobalt, were expeditiously carried out. It would be a great advantage if one had a sensitive 
test applicable to the detection of zinc in these circumstances. 


I am indebted to the Trustees of the Moray Fund for a Grant which has been used for the purchase 
of highly purified chemicals. 

The University, Edinburgh, 9. [Received, December 16/A, 1946.] 


250 . Magnetic Studies on Polymerisation. Part I. Magnetic Optical 
Rotatory Powers and Diamagnetic Susceptibilities of Certain Poly- 
methyl Methacrylates. 

By (Miss) M, E. Bedwell. 

The magneto-optic rotatory powers and diamagnetic susceptibilities of methyl meth- 
acrylate and the polymethyl methacrylates have been measured. The results may be employed 
to calculate the average molecular weights of the polymers, fair agreement being obtained with 
values determined by a viscosity method (Schulz and Blaschke). 

The magnetic susceptibility method which Farquharson {Trans. Faraday Soc., 1936, 82, 219) 
employed to investigate the degree of polymerisation of 2 ; S-dimethylbutadiene and other 
substances, is used in the present investigation on the polymethyl methacrylates. In addition. 
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another method of molecular weight determination is proposed, which is based in the magneto- 
optical rotatory powers of the polymers concerned. 

Melville and others (General Discussion, Trans, Faraday Soc,, 1944, 40, 217 — 273) have 
surveyed the end-group, osmotic, and viscosity methods for the determination of the molecular 
weight of higher polymers; of these, Schulz and Dinglinger (/. pr, Chem., 1940, 157, 15), 
Schulz and Blaschke {Z, physikal, Chem,, 1942, B, 51, 75), Baxendale, Bywater, and Evans 
(/. Polymer Sci,, 1946, 1, 237), and Walling and Briggs (/. Amer. Chem. Soc., 1946, 68, 1141) 
have shown that the viscosity method can be usefully employed to find the molecular weights 
of the polymethyl methacrylates, using modifications of the Staudinger equation ; the present 
results are compared with those obtained by Schulz and Blaschke in their detailed study of 
the benzoyl peroxide-catalysed polymerisation of methyl methacrylate. 

Magnetic Optical Rotatory Powers. — Perkin (/., 1884, 45, 421 ct seq.) deduced from measure- 
ments on many homologous series of organic compounds that tlie molecular magnetic rotation M 
of a substance could be expressed by 

Af = S + wA (1) 

where A is the increase in rotation between successive members of an homologous series (the 
“ CHg increment ”) which Perkin found experimentally to have a mean value of 1*023; n is 
the number of carbon atoms in the molecule; S is the “ series constant ** which Perkin obtained 
by subtracting the value of nlS. from the total observed rotation, the resulting figure being 
approximately constant for an homologous series of compounds and different for different series. 

It was proposed to make use of this relationship in the estimation of molecular weights of 
higher polymers. 

It follows from the above equation that a monomer is related to its polymer thus : 

Mp = n^Mm “b (Wa — l)*^i (2) 

where Mp, M^ are the molecular magnetic rotations of polymer and monomer respectively, 
Ha is the average number of units in the molecule of polymer, and 5^ is the “ series constant ”, 
which is in this case Perkin’s constitutive correction for the formation of a new bond. 

By definition, Mp = QpWpfw ; 

Qp = apdfeedp) = a^djadn 

where a^, o^, a are the observed rotations of polymer, monomer, and water respectively under 
the same conditions ; 0^, 0,n are the specific rotations of polymer and monomer, respectively ; 
Wp, Wfn, w are the molecular weights of polymer, monomer, and water, and dp, d^, d are the 
corresponding densities measured at the same temperature. 

But Wp == na X Wfn, therefore 

Qptlawjw = fla^^Wmlw + («o — l)5i (3) 

Hence may be calculated from the experimental results. 

Diamagnetic Susceptibilities , — Farquharson’s expression for the mass susceptibility of a 
pol5mier is 

X> = [«oXa + («o - (4) 

where is the molecular weight of the monomer, x.? is the mass susceptibility of the polymer, 
Xb is the molecular susceptibility of the monomer, is the degree of polymerisation, and X is 
Pascal’s constitutive correction constant for the bond ruptured. This equation is used for 
the calculation of 

Average Molecular Weights, — The following table has been drawn up from measurements 
of magneto-optic rotatory powers and diamagnetic susceptibility which are listed later (Tables I 
and II) ; t is the polymerisation time ; is the average number of units in the molecule of 
polymer, and Wp the corresponding average molecular weight, calculated from equations (3) 
and (4). 

Magneto-optic rotation. Diamagnetic susceptibility. 


t (mins.). 


njd,. 


Wa. 



0 

1 

1093 

100 

1 

0-6370 

100 

15 

2 

2088 

190 

1—2 

0-7621 

130 

30 

2—^3 

2-536 

240 

2—3 

1-248 

220 

45 

4 

4-279 

410 

3—4 

2-192 

380 

00 

6 

5*556 

660 

5 

2-904 

500 

75 

14 

13-77 

1390 

14 

8-809 

1380 

180 

68 

66*80 

6760 

61 • 

36-06 

6110 





61 ♦ 

3606 

6110 


* Measurements on powder and solution, respectively. 



1362 Bedwell : Magnetic Studies on Polymerisation. Part I. 

A value of — 1-112 was used for ia equation (3), by analogy with ethyl crotonate, for 
which Perkin found an increase of rotation of 1*112 compared with ethyl butyrate; X was 
assumed to be + 5*5, which is Pascal’s constitutive correction for the double bond. 

The decrease in magneto-optic rotation and the increase in magnetic susceptibility which 
are found experimentally during polymerisation (Tables I and II) would be expected from the 
sign of the constants Si and X above. 

It will be seen that the figures for fta and Wp obtained by the two methods agree very closely. 

Extrapolation of the data of Schulz and Blaske to 80® and the benzoyl peroxide concentration 
used in the present investigation gives an upper limit of 5000 — 0000 for the molecular weight 
from viscosity measurements. Walling and Briggs quote higher figures in their determinations 
on benzoyl peroxide-free quinol-stabilised methyl methacrylate, and by analogy, an upper 
limit of 7000 — 8000 for the molecular weight may be estimated. The present figures (6760, 
6110) are of the same order as the above, but from the calculation employed, it is obvious that 
decreasing accuracy is pos.sible with polymers of molecular weights of the order 10® or higher. 



Walling and Briggs found that, at 131®, concentrations of quinol of less than 1% had little 
effect on the molecular weight of the polymer, and it is doubtful whether the present concen- 
tration (0*03%) would cause alteration of the molecular weight to any appreciable extent 
at 80®. 

Complete agreement is not to be expected, since both the present methods give the number- 
average molecular w^eight Wn, whereas the viscosity method gives the weight-average molecular 
weight : 

Wn = ^WiNjliNi and == 

Wi is the molecular weight averaged over the number of particles, and is the number of 
particles of chain length i (Mark and Raff, Higher Polymeric Reactions,” New York, 1941). 

Course of Polymerisation . — The polymerisation of methyl methacrylate may be explained 
by a chain mechanism (Mark, Physical Chemistry of Higher Polymeric Systems ”, New 
York, 1940, 309). The methyl methacrylate molecule is thought to become activated, by 
heat, light, or catalyst, and in this condition it accumulates other methyl methacrylate 
molecules to form a long chain. Eventually the macro-molecule becomes deactivated by the 
saturation of the free valencies at the growing ends. 
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Alyea, Gartland, and Graham {Ind. Eng, Chem., 1942, 34 , 468) have shown that benzoyl 
peroxide initiates these reaction chains, whereas quinol breaks the chains, and in doing so 
becomes oxidised to benzoquinone. Strain {Ind, Eng. Chem., 1938, 30 , 345) has examined the 
polymerisation of methyl methacrylate in various organic solvents, using varying quantities 
of benzoyl peroxide as catalyst. 

If the polymerisation is straightforward, x* and t will show a hyperbolic relationship (as 
Farquharson found to be the case with 2 : 3-dimethylbutadiene) and the curve for 0p and t 
should also be a hyperbola. This was found to hold true in the present case (see Fig.). These 
results are consistent with Strain’s hyperbolic percentage polymer yield-rate curves for 20% 
solutions of methyl methacrylate in benzene, acetone, and other solvents. 

The figure also shows the linear relationships hctween Vadj,) and Ua, and between 

Xml^m( = ^^aXs) accordance with equations (3) and (4). 


Experimental. 

Measurement of Magneto-optic Rotations , — ^The apparatus used in these measurements has been 
described by Anderson, Bedwell, and Le Fevre (this vol., p. 457). Methyl methacrylate was polymerised 
at 80° in the presence of a catalyst (1 mole of benzoyl peroxide to 600 moles of monomer). Samples 
were withdrawn at intervals, and the magneto-optic rotation measured at 20°. For the final determin- 
ation, a 20% solution in methylene chloride was used. The results are shown in the figure and in 
Table I; f is the polymerisation time; Wi is the weight fraction of the solute in the solution; d^^ and 
oja are the respective relative density and observed rotation of pure solute or solution. 

By the additivity rule, = (flja ”” where 0^, are the specific rotations of solute, 

solvent, and solution, respectively. 

Table I. 


t (mins.). 

IOOm^i. 

(^ 12 ) 20 *” 

“12- 

ai2/a. 

aja. 

e,. 

Water. 







0 

0 

0-99820 

8-80 

— 

— 

— 

Methylene chloride. 







0 

0 

1 33898 

10-80 

1-228 

1-228 

0-919 

Methyl methacrylate. 







0 

100 

0-96698 

9-32 

1-057 

1-057 

1-093 . 

16 

100 

0-97641 

9-24 

1-060 

1-050 

1-076 


30 

100 

0-98502 

9-16 

1-042 

1-042 

1-056 


45 

100 

0-99773 

9-04 

1-030 

1-030 

1-032 


60 

100 

1-00788 

8-96 

1-018 

1-018 

1-012 

75 

100 

1-01619 

8-88 , 

1-008 

1-008 

0-992 


180 

20-04 

1-31487 * 

10-72 

1-227 

1-173 

0-989 . 



* (f^,)!?: = M8630. 


Measurement of Magnetic Susceptibility . — Measurements were made at 20°, using the Gouy apparatus 
described by Anderson, Bedwell, and Le F^vre (loc. cit.). The process of polymerisation was catalysed 
by benzoyl peroxide at 80°, as described in the previous section. Samples were withdrawn at intervals 
for measurement. The final polymer was measured both in 18% solution and in the finely pow'dered 
state. The results are shown in the figure and in Table II ; / is the polymerisation time, and y, is the 
specific susceptibility of the polymerising substance. 

Table II. 

/ (mins.) 0 15 30 45 60 66 75 180 

X, 0-5370 0-5511 0-5670 0-6776 0-5809 0-5860 0-5881 0-5909* 

0-6909 * 

* Measurements on powder and solution respectively. 

Purification of Methyl Methacrylate . — The methyl methacrylate was as supplied by I.C.I. Ltd. 
stabilised with quinol (0-6%). It was fractionally distilled under reduced pressure and the fraction 
retained (w|?" 1-4143) was frozen at —70°, redistilled under high vacuum (after Walling and Briggs), 
and stored at — 70° in the dark, with the addition of quinol as stabiliser, in the proportion of 1 mole of 
quinol to 4000 moles of methyl methacrylate. 

This paper is published by permission of the Ministry of Supply. 

Royal Aircraft Establishment, 

Farnborough, Hants. 


[Received, December \^th, 1946.J 
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251. Synthetic Antimcdariala. Part XXL 4:-Arylamino-6-amino- 
alkylaminopyrimidinea. Further Variations. 

By F. R. Basford, F. H. S. Curd, E. Hoggarth, and F, L. Rose. 

An alternative method of synthesis has been devised for the inactive 4>arylamino-6>amino- 
alkylamino-2-methylpyrimidines (type I) described in Part VIII (/., 1940, 713), and, employing 
both this and the oi^nal route, substituents such as methyl, ethyl, and phenyl have been 
introduced into position 6 of the pyrimidine nucleus. These new derivatives were inactive, as 
were also related compounds in which the 2-methyl group was replaced by amino-. 

The importance of the aminoalkylamino-side chain in the active 2-aprlamino-4-amino- 
alkylamino- and 4-arylamino-2-aminoalkylamino-6-methylpyrimidines described earlier in this 
series (/., 1946, 343, 361, 366, 870, 378) has been shown by the lack of activity in compounds, 
now synthesised, in which that grouping is replaced by primary amino-. 

Differences in chemical reactivity of several related chloropyrimidine derivatives are 
discussed. 

Chronologically the work described in this paper follows that reported in Part VIII (/., 
1946, 713) which concerned the synthesis of a variety of 4-arylainino-6-aminoalkylamino-2- 
methylpyrimidines including compounds of type (I; R = dialky laminoalkyl). All these 
compounds were found to be without activity against P. gallinaceum in chicks. In the same 
paper we drew attention to the fact that in compounds of type (I) there do not exist two amidine 
units capable of independent tautomerism as are fotind in the two isomeric types (II) and (III). 


NHR 

Ci/\ /^N 

NHR 

UJCt. 

NHR 

ri/\ N/^N 

U.„A> 

NHR‘ 

rA\ r'/*^N 

\A.h%>" 

(I.) 

(II.) 

(III.) 

(IV.) 

rA| r'A 

ft 

OH 

OH 

NHR' 

jj/^N 

(V.) 


(VI.) 

(VII.) 

(VIII.) 

NHR" 

NHR 

N/'A 

ClUMe 

NHR NH, 

“l>' \AnhAnhA>" 

(IX.) 

(X.) 

(XI.) 

(XII.) 


Since one important development of our work (see Part X, /., 1946, 729) was in part based 
on the recognition of the possible significance of this difference, it seemed desirable to demonstrate 
with as much certainty as possible that antimalarial activity could not be developed in com- 
pounds of type (I). Thus, for example, in a series of simple 2-amino-4-aminoalkylamino- 
pyrimidines, Hull, Lovell, Openshaw, Payman, and Todd (/., 1946, 367) have shown that the 
introduction of a substituent into position 5 of the pyrimidine nucleus induced antimalarial 
activity. Clearly, this was a device that needed to be tried in the present instance, although 
it was appreciated that the two cases might not be comparable since it had been suggested 
(idem, ibid.) that the activity of the simple pyrimidines might be associated with an interference 
with nucleoside synthesis and the 6-substituent gave a closer structural resemblance to the 
purines, whereas we in the past have stressed the relationship of the anilinopyrimidines to 
riboflavin. The new preparations were of type {IV ; R' = Me, Et, or Ph; R" 6= Me). Not 
all of these were made by the general method described in the earlier paper, namely through 
the reaction of an aminoalkylamine with the appropriately substituted 4-chloro-6-arylamino- 
2-methylpyTimidine (V; R" = Me), itself obtained either directly by condensing a 4 : 6- 
dichloro-2-methylpyrimidine with an arylamine, or indirectly from a 4-chloro-6-hydroxy-2- 
methylpyrimidine (VI) by interaction with an arylamine followed by treatment of the resulting 
4-arylamino-6-hydroxy-2-methylpyrimidine (VII) with phosphoryl chloride. A useful altern- 
ative method of synthesis has now been developed in which the arylamino- and aminoalkyl- 
amino-groups are introduced in the reverse order. The method is best illustrated by its applic- 
ation to the original type (I). 3-Diethylaminoethylamine and y-diethylaminopropylamine 
when heated with 4-chloro- 6-hydroxy- 2-methylpyrimidine (VI ; R = H) gave respectively 
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4-p-diethylaminoethylainino- (VIII ; R H, R' =: [CH 2 ] 2 'NEt 2 ) and 4-y-diethylaminopropyl- 
amino-6-hydroxy-2-methylpyrimidine (VIII ; R = H, R' := [CHaJj-NEtj) as their hydrochlorides. 
Treatment of these hydrochlorides with boiling phosphoryl chloride converted them into 
^rchloYO-^-^-diethylarmnoethylanimo* (IX ; R = H, R' = Me, R" « [CH 2 ] 2 *NEt 2 ) and ^-chloro- 
%^y*dieihylaininopropylamino-2->methylpyrimidine (IX ; R = H, R' = Me, R" [CHgla’NEtj) 
respectively. When a similar series of reactions was tried starting with S-diethylainino-a- 
methylbutylamine it was found impossible to crystallise the intermediate 4-S-diethylamino- 
a-methylbutylamino-6-hydroxy-2-methylpyrimidine hydrochloride, but treatment of the crude 
product with phosphoryl chloride gave 4-chloro-6-S-diethylamino-a-methylbutylamino-2- 
methylpytimidine (IX; R = H, R' = Me, R" = CHMe*[CH 3 ] 3 'NEt 2 ) in good yield. The 
above compounds of type (IX) underwent smooth reaction with ^-chloroaniline in boiling 
aqueous solution as their monohydrochlorides in presence of a little extra hydrochloric acid, 
to give the corresponding 4-^-chloroanilino-6-dialkylaminoalkylamino-2-methylpyrimidines 
(I; R= [CHalg-NEtg. [CHgls-NEta, or CHMe-[CH 2 ] 8 -NEt 2 ) described in Part VIII (loc. cit.). 
In these reactions with ^•chloroaniline no obvious differences could be detected between the 
reactivity of the 4-chloro-6-dialkylaminoalkylamino-2-methylpyrimidines and the isomeric 
2-chloro-4-dialkylaminoalkylamino-6-methylpyrimidines (X) (see Part XV, this vol., p. 783) 
and 4-chloro-2-dialkylaminoalkylamino-6-methylpyrimidines (XI) (Part VI, J., 1940, 370). 
No appreciable condensation occurred, even in the last two instances, when the chloropyrimidines 
were employed as free bases with addition of a trace of hydrochloric acid. The need for slightly 
more than one equivalent of acid to facilitate the reaction suggested that the chlorine atom 
was only labile after salt formation had occurred on the dialkylamino-group of the side chain. 

A comparison with the three isomeric types of chlorodialkylaminoalkylamino methyl- 
pyrimidines was provided by the corresponding unsubstituted amino-compounds. Like 2- 
cMoro-4-amino- (X; R = H) and 4-chloro-2-ammo-6-methylpyrimidine (XI; R = H), 
4-chloro-6-amino-2-methylpyrimidine (IX ; R = R" = H, R' = Me) reacted readily with 
;^-chloroaniline in boiling aqueous solution in presence of only a little hydrochloric acid. The 
apparent normal reactivity of the 4-chloro- 6-amino- and 4-chloro-6-dialkylaminoalkylamino- 
2-methylpyrimidines in comparison with their respective isomers was in direct contrast to that 
of the 4-chloro-6-arylamino-2-methylpyrimidines (IX ; R = H, R' ==: Me, R" = aryl) which 
were found to be less reactive than the corresponding 2-chloro-4-arylamino- (X ; R = aryl) 
and 4-chloro- 2-arylamino-6-methylpyrimidines (XI ; R = aryl) (see Part VIII, loc, cit,). 
This conforms with the suggestion there advanced that in arylaminopyrimidines there is a 
strong tendency for the linking nitrogen atom to conjugate with the benzene ring. 

Several points may be noted in connection with the syntlicjsis of compounds of type (IV ; 
R'' = Me) described in detail in the experimental section. In the preparation of 4-c/j/oro- 
6-p-awistfft«o-2 : 5-dimethylpyrimidine (V ; R = OMe, R' — R" = Me), required for the synthesis 
of (IV; R == OMe, R' = R'' = Me, R'" = [CHala-NEtg), by condensation of 4 : 6-dichloro- 
2 : 6-dimethylpyrimidine with ^-anisidine in aqueous acetone catalysed by hydrochloric acid, 
no formation of di-condensation product was observed. Even the use of two molecular 
proportions of ^-anisidine gave exclusively 4-chloro- 6-/?-anisidino-2 : 5-dimethylpyrimidine in 
contrast to the formation mainly of 4 : 6-di-^-anisidino-2-methylpyrimidine from 4 : C-dichloro- 
2-methylpyrimidine and two equivalents of />-anisidine under identical conditions (sec Part 
yill). This steric effect of a 5-substituent was also noticed during the synthesis of 4-p~chIoro- 
amlino-(j-y-diethylaminopropylamino^2-methyl-5’ethylpyrimidine (IV ; R = Cl, R' — Et, 
R" = Me, R'" = [CHgJa'NEtg). Whereas, as noted above, compounds of type (IX; R' — Me, 
R" = dialkylaminoalkyl) containing no substituent in the 5-position (R = H) condensed readily 
on boiling with />-chloroaniline in aqueous solution containing a little more than one equivalent 
of hydrochloric acid, no corresponding condensation occurred between A:-chloro-^-y-diethyl- 
aminopropylamino-2-methyUh-ethylpyrimidine (IX; R = Et, R' = Me, R" = [CHgla^NEta) 
and _/>-chloroaniline under similar conditions. Higher temperatures were found to be necessary 
to effect condensation. The steric effect of a 5-phenyl group was even more marked than that 
of methyl or ethyl. Thus the reaction of />-chloroaniline with 4 : ^-dichloro-^-phenyl-2-methyU 
pyrimidine to give 4t-chloro-Q--p-chloroanilino-6-phenyl-2*methylpyrimidine (V ; R = Cl, R' = Ph, 
R" = Me) failed completely in boiling aqueous acetone with added hydrochloric acid, gave 
small yields in boiling alcohol, but succeeded at 115 — 120° in an equivalent of acetic acid. 
Tests using P. gcUlinaceum in chicks, carried out by our colleague. Dr. D. G. Davey, with the 
compounds of type (IV; R" = Me), showed that the introduction of a substituent into the 
deposition of type (I) failed to confer antimalarial activity. 

The necessity for the aminoalkyl group (R) in types (II) and (III) to promote antimalarial 
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activity was shown by the inactivity in the same test of 4t-amino-2-p-‘Chloroanilino* (II ; R = H) 
and 2-amino-4;’ip-chloroanilinO’‘Q-methylpyrimidine (III; R == H). The former was made by 
condensing (X ; R == H) with ;^-chloroaniline, as mentioned above, and also by the action of 
ammonia on 4-chloro-2-^-chloroanilino-6-methylpyTimidine at 140 — 150°. When, however, 
the action of ammonia on 4-chloro-2-p-chlorophenylguanidino-C-methylpyrimidine was tried 
with a view to the preparation of (XII), in order to assess the need for the aminoalkyl group 
in the active 2-;^-chlorophenylguanidino-4-aminoalkylamino-6-methy]pyrimidines described 
in Part IV (/., 1946, 362), it was found that 2-amino- 4“;^-chloroanilino-6-methylpyrimidine 
was the main product. Hydrolysis of 2-^-chlorophenylguanidino-4-p-diethylaminoethyl- 
amino-6-methylpyrimidine with N-hydrochloric acid has been shown by Spinks and Tottey 
(Ann. Trop. Med. Parasit., 1945, 39, 190) to give p-chloroaniline, 2-amino-4-p-diethylaniino- 
ethylamino-6-mcthylpyrimidine, ammonia, and carbon dioxide. Analogously, it is suggested 
that 4-chloro-2-p-chlorophenylguanidino-6-methylpyrimidine by ammonolysis gave ^-chloro- 
aniline and 4-chloro- 2-amino- 6-methylpyrimidine which then interacted to yield (III ; R = H). 

As a further extension of the investigation of compounds of type (IV) it seemed desirable 
to study compounds containing an amino-group in the 2-position (R" := NHg). The presence 
of such a group, in association with the anilino-residue, would provide the two linked independent 
amidine units which are a feature of types (11) and (III) without reference to the aminoalkyl- 
amino-group, and the only function required of the latter would be that of conditioning the 
pharmacology of the drug molecule. 

Like 4 : 6-dichloro-2-methylpyTimidine, 4 : 6-dichloro-2-aminopyrimidme reacted with 
^-chloroaniline in boiling aqueous acetone in presence of a little hydrochloric acid as catalyst to 
give 4-chloro-2-amino~i)’p-chloroanilinopynmidine (V; R ™ Cl, R' = H, R" = NHg). This 
condensed smoothly with dialkylaminoalkylamines at 150 — 160°. In this way the following 
were prepared : 2-amino-4:-p-chloroanilino~ii-{i-dicthylaminoethylamino- (IV ; R = Cl, R' = H, 
R'' = NHj, = [CH 2 ] 2 *NEt 2 ) and 2-amino-4:-p-chloroanilino~€}-y'diethylaminopropyla7fiino- 
pyrimidine (IV ; R = Cl, R' =: H, R" == NHa, R"' = [CH 2 j 3 *NEt 2 ) and the corresponding 
compounds containing the p-dimethylaminoethylamino-, y-dimethylaminopropylamino-, and 

3- diethylamino-a-methylbutylamino- side chains. 2-Amino-4-^-chloroanilino-6-p-diethylamino- 
ethylaminopyrimidine was also obtained by reaction of ^-chloroaniline hydrochloride 
with 4:-chloyo~2-amino-‘^)’^-diethylaminoethylaminopyrimidine (IX; R H, R' — NHg, 
R" = [CH 2 ] 2 *NEt 2 ) which resulted from condensation of p-diethylaminoethylamine with 
4 : 6-dichloro-2-aminopyrimidine. The former method of synthesis was also employed for the 
preparation of 2-am«wo-4-p-aw2si<i!mo- (IV ; R ~ OMe, R' = H, R" = NHg, R'" = [CH 2 l 2 *NEt 2 ) 
and 2-amino-4:-p’toluidmo-Q-^-diethylaminoethvlaminopyrimidine (IV ; R == Me, R' — H, 
R" NHg. R'" = [CH2]2-NEt2). 

None of these compounds containing an amino-group in the 2-position of the pyrimidine 
nucleus exhibited any antimalarial activity, nor did any of the several 5-ethyl or 5-phenyl 
derivatives which were prepared (vide infra). Similar lack of activity characterised a series of 

4- chloro-2-amino-6-aminolkylamino-5-ethyl- and -phenyl-pyrimidines which thus resemble 
the related 4-chloro-2-amino-6-dialkylaminoalkylamino-5-methylpyrimidines investigated by 
Hull, Lovell, Openshaw, and Todd (Part XI, this voL, p. 41). 

Experimental. 

4:-P-Diethylaminoethylamino-^-hydroxy-2'‘methylpyrimidine (VIII; R = H, R' — [CHgjg’NEtg). — 
4-Chloro-6-hydroxy-2-metliylpyrimidiiie (14*4 g.) (Part VIII, loc. cit.) and j9-diethylaminoethylamine 
(11*6 g.) were heated at 150 — 160° for 8 hours to give 4i-p-diethylaminoethylamino-h-hydroxy-2-methyh 
pyrimidine hydrochloride which separated from moist alcohol-ethyl acetate as a hydrate which did not 
lose water on drying at 100°; colourless laminae, m. p. 193 — 196° (Found : C, 47-9; H. 7-9 ; N, 20-7; 
Cr, 13 0. CiiH 2 oON 4 ,HCl,HgO requires C, 47-4; H, 7-5; N, 201; Cl', 12-8%). 

Ary-Diethylaminopropylamino-^-hydroxy-2-meihylpyrimidine (VIII; R = H, R' = [CHgJs'NEtg). — 
By substituting y-diethylaminopropylamine for the )5-diethylaminoethylamine in the above preparation 
this was obtained as its monohydrochloride which crystallised from alcohol-ethyl acetate as colourless 
needles, m. p. 87 — 89° (after drying in air at room temperature) [Found : loss on drying at 100°, 6*4, 
6-7. CigH2g0N4,HCl,l*6H20 requires loss (for 1 HgO), 6*0%] or 186 — 188° (after drying at 100°) (Found : 
C, 512 ; H, 8*4; N. 19-7; Cl', 12-3. CigHg2ON4,HCl,0-6HgO requires C, 60-8; H, 8-6; N, 19-76; Cl', 
12-5%). 

4rChlorO’‘6-^-diethylaminoethylaminO‘2-mefhylpyrimidine (IX ; R = H, R' = Me, R" = [CHgJg-NEtg). — 
4-)3-Diethylammoethylamino-6-hydroxy-2-methylp5rrimidine hydrochloride (20 g.) and phosphoryl 
chloride (76 c.c.) were boiled under reflux for 3 hours. After removal of most of the excess of phosphoiyl 
chloride under reduced pressure, the residue was poured on ice, and the solution made strongly alkaUne 
with sodium hydroxide and extracted with chloroform. The chloroform solution was shaken several 
times with 5^ acetic acid and the combined acetic acid extracts were treated with sodium hydroxide 
and shaken with chloroform. Evaporation of the dried (KjCO,) extract gave the chloropyrimidine as 
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a colourless oil (yield, 9*9 g.), b. j). 136 — 137®/0*15 mm. (Found : C, 54*0; H, 7‘8, CjjHigN^Cl requires 
C, 64*4 ; H, 7*8%) , It gave a dipicrate which crystallised from methanol as yellow laminae, m. p. 144 — 145® 
(Found: C, 39-7; H. 3-8; N, 201. CiiHi»N 4 Cl, 2 C*H 307 N 3 requires C, 39-4; H, 3-6; N, 200%). 

^ChloYo-^-y-diethylaminopYopylamino-%methylpyfimidine (IX; R =H R' — Me,R"' — [CH 2 ] 3 *NEt 2 ), 
prepared similarly from 4-y-diethylaminopropylamino-6-hydroxy-2-methylpyrimidine hydrochloride 
(dried at 100®) (17-6 g.) and phosphoryl chloride (75 c.c.), was obtained as a colourless oil (yield, 8*7 g.), 

b. p. 143~145®/015 mm. (Found : C, 56*9; H, 81; N, 21-7; Cl, 13-4. Ci 2 H 2 iN 4 Cl requires C 56-1; 
H, 8*2 ; N, 21-8 ; Cl, 13-8%) . The dipicYate crystallised from methanol in yellow laminae, m. p. 158 — 159® 
(Found : C, 40-2; H, 3*6; N, 19-8. Ci 2 H 2 iN 4 Cl, 2 C 3 H 807 N 3 requires C40*3; H, 3-8; N, 19-6%). 

Condensation of i^-ChloYO-Q-^-diethylaminoethylamino-^-methylpyYimidine with p-ChloYoaniline. — A 
mixture of (IX; R = H, R' = Me, R" = [CH 2 ] 2 *NEt 2 ) (4*85 g.), />-chloroaniline {2 55 g.), water (25 

c. c.), and lON-hydrochloric acid (2-2 c.c.) was refluxed for 6 hours. The cooled solution was treated 
with sodium hydroxide; the product then separated as an oil which soon solidilied. The solid was 
collected and dissolved in 5% acetic acid, and the solution was treated with decolourising carbon and 
filtered. The product was then reprecipitated by the addition of sodium hydroxide, filtered ofl, dried, 
and crystallised from light petroleum (b. p. >120®) (yield, 86-2%) ; it had m. p. 148® undepressed on 
admixture with 4-p-chloroanilino-6-i3-diethylaminoethylamino-2-methylpyrimidine (see Part VIII) 
(Found: C, 611; H, 70; N, 21-2; Cl, 10-3. Calc, for Ci^HaANgCl : C, 61-3; H, 7-2; N, 210; Cl, 
10-5%). 

Condensation of ArChloYo-5-y-d%ethylaYninopYopylamino-2-meihylpyYimidine with "g-ChloYoaniline . — 
4-Chloro-6-y-diethylaminopropylamino-2-methylpyrimidine (5T g.), /)-chloroaniline (2*55 g.), water 
(25 c.c.), and lON-hydrochloric acid (2-2 c.c.) were boiled under reflux for 2 hours, and the solution 
was cooled and made alkaline with sodium hydroxide. The precipitated oil, isolated with chloroform, 
was extracted with 5% acetic acid. Basification (with sodium hydroxide) of the clarified acetic acid 
solution and extraction with chloroform followed by evaporation of the dried solution gave the base 
which crystallised from light petroleum (b. p. >120°); it had m. p. 129 — 131® identical with 4-/>- 
chloroanilino-6-y-diethylaminopropylamino-2-methylpyrimidine made by the method of Part VIII 
(Found: C, 62*1; H, 7-5; N, 19-9. Calc, for C^HjeNsCl : C, 62-2; H, 7-5; N, 20*1%). 

4k-ChloYo-5~h-diethylamino-a-methylbutylamino-2-methyipyYimidine (IX ; R = H, R' = Me, R" — 
CHMe*[CH 2 ] 3 ’NEtjj). — 4-Chloro-6-hydroxy-2-mcthylpyrimidinc (28*9 g.) and 8 -diethylamino-a-methyl- 
butylaminc (31*6 g.) were mixed and heated at 15(1 — 160° for 8 hours. To the cooled residue phosphoryl 
chloride (180 c.c.) was added, the mixture refluxed for 3 hours, excess of phosphoryl chloride removed 
under reduced pressure, and the residue poured on ice. The resulting solution was made alkaline with 
sodium hydroxide and extracted with chloroform. Evaporation of the dried (K 2 CO 3 ) chloroform 
solution and distillation of the residual oil gave the chloYopyYimidine (yield, 36*4 g.), b. p. 168 — 1 70°/0*126 
mm. (Found: C, 59*2; H, 8*3; N, 19*6; Cl, 12*7. C 14 H 23 N 4 CI requires C, 59*0; H, 8 * 8 ; N, 19*7; 
Cl, 12*6%). The dipicYate crystallised from alcohol--2-ethoxyethanol in small yellow laminae, m. p. 
171— 173° (Found : C, 41*7; H, 4*2; N, 19*1. CuHagNiCUCeHaO^Ng requires C, 42 0; H, 4*2 ; N, 
18*9%). 

Condensation of 4trChloYO~5-%-diethylamino-o.-methylhutylamino-2-methylpyYimidine with '^-Chloro- 
aniline, — 4-Chloro-6-8>diethylamino-a-methylbutylamino-2-methylpyrimidine (5*7 g.), f>-chloroaniline 
(2*55 g.), water (25 c.c.), and 1 On - hydrochloric acid (2*2 c.c.) were refluxed for 2 hours, and the resulting 
solution was cooled and made alkaline with sodium hydroxide. The precipitated oil was collected and 
extracted with 5% acetic acid, and the acetic acid extract clarified with carbon, filtered, and added to 
excess of sodium hydroxide solution. The oily product was extracted with chloroform, and the solution 
dried and evaporated. Distillation of the residue gave 4-jfr-chloroanilino-6-8-diethylamino-a-methyl- 
butylamino- 2 -methylpyrimidine, b. p. 229 — 226®/0*15 mm., identified as its dipicrate, m. p. 159 — 161° 
(Found: C, 46*2; H. 4*3; N, 18*2. Ca„H 3 oN 3 Cl, 2 CeH 307 N 3 requires C, 46*1; H, 4*3; N, 18*5%). 
In Part VIII {loc. cit.) the m. p. of this picrate is given as 149 — 151®. The discrepancy is thought to 
be due to dimorphism, since repeat preparations of this picrate sometimes gave m. p. 149 — 151®, some- 
times 159 — 161®, and sometimes intermediately. The exact conditions of crystallisation to obtain the 
two forms were not fully elucidated, but a preparation of the picrate from base made according to the 
method of Part VIII which had m. p. 159 — 161® (Found : C, 45*9; H, 4*3; N, 18*6%) showed no 
depression with the picrate described above. 

4:-Amino-‘2--p-chloroanilino-5~methylpyrimidine (II; R = H). — (a) 2-Chloro-4-amino-6-methyl- 
pyrimidine (7*2 g.), />-chloroaniline (6*4 g.), water (25 c.c.), and lON-hydrochloric acid (0*5 c.c.) were 
refluxed for 1 hour. A clear solution was obtained after a few minutes refluxing, and the product then 
gradually separated. The mixture was diluted with water and made alkaline with ammonia, and the 
solid collected. The solid was dissolved in alcohol, and the solution made alkaline with ammonia and 


poured into water. The precipitated product was extracted with chloroform, and the solution dried 
(Na-S 04 ) and evaporated. Crystallisation of the residue from benzene-light petroleum gave colourless 
needles, m. p. 121—123°. 

(b) 4-Chloro-2-/>-chloroanilino-6-methylpyrimidine (10 g.) and aqueous ammonia (30 c.c.) were 
heated in a sealed tube at 140 — 150® for 12 hours. The contents of the tube were diluted with water 
and extracted with chloroform. Evaporation of the dried chloroform extract gave an oil which was 
purified by vacuum distillation (b. p. 190 — 192®/0*5 mm.). Crystallisation from benzene-light petroleum 
gave 4~amino-2-’P‘‘ChloroanilinO’-6-methylpyYimidine, m. p. 121 — 122® undepressed in admixture with 
material made by method (a) (Found : C, 56*7; H, 4*6; Cl, 15*1. C 11 H 11 N 4 CI requires C, 56*3; H, 
4-7; Cl, 15*1%) (4394). 

2-AminO‘i-p~chloYoanilino-6-methylpyrimidine (III; R = H). — 4-Chloro-2-amino-6-methylpyrimidine 
(7*2 g.), />-chloroaniline (6*4 g.), water (25 c.c.), and lON-hydrochloric acid (0*5 c.c.) were refluxed for 
1 hour. The reaction mixture was cooled, diluted with water, and made alkaline with ammonia. The 
precipitated product was filtered ofi, washed with water, and crystallised from aqueous alcohol, giving 
2-am%no-4-p^chloYoanilino-5-^ethyipyrimidine as colourless needles, m. p. 216 — 218° (Found : (il, 15*2. 
CuH,iN 4 C 1 requires Cl, 16*1%) (4618). 
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Reaction of 4fChlorO’2-p-chlorophenylguamdino-^methylpyrifnidine with Ammonia (Experiment 
by Dr. P. A. Barrett). — 4-Chloro-2-^-chlorophenylguanidino*6*inethylpyrimidiae (6 g.) and saturated 
alcoholic ammonia (26 c.c.) were heated in a sealed tube at 176® for 12 hours. The contents of the tube 
were evaporated to dryness and the residue was stirred with water. The resulting solid on fractional 
crystallisation from dilute alcohol gave 2-ammo-4*^-chloroanilino-6-methylpyrimidine, m. p. and mixed 
m. p. 216—218® (Found: C, 66*2; H, 4-4; N, 23*7; Cl, 16*4. Calc, for CnHuN^Cl : C, 66-3; H, 
4*7 ; N, 23-9 ; Cl, 16-1%), as the less soluble fraction and p-chloroaniline as the more soluble. 

^-AminO’^-^-chloroanilino-2-methylpynmidine (I; R = H). — 4-Chloro-6-amino-2-methyIpyrimidine 
(7*2 g.), p-chloroaniline (6*4 g.), water (26 c.c.), and lON-hydrochloric acid (0*6 c.c.) were refluxed for 
1 hour. The reaction mixture was diluted with water and made alkaline with ammonia, and the product 
filtered off. The product was dissolved in alcohol, and the solution made alkaline with ammonia and 
poured into water. The precipitated product was filtered off and crystallised from aqueous alcohol, 
giving the pyrimidine as colourless flat prisms, m. p. 192 — 194° (Found : C, 66*4; H, 4*6; Cl, 15*2. 
C11H11N4CI requires C, 66*3; H, 4*7 ; (T, 15*1%). 

\-ChloYO‘^-^-chloroanilino~% : b-dimethylpyrimidine (V; R == Cl, R' — R" = Me). — (a) 4 : 6-Di- 
chloro-2 : 6-dimethylpyrimidine (8*86 g.) (Huber and Hdlscher, Ber., 1938, 71, 87), ^-chloroaniline 
(6*4 g.), water (40 c.c.), acetone (20 c.c.), and lON-hydrochloric acid (2 c.c.) were refluxed for 2 hours. 
The resulting solution was diluted witli water and ammonia added to give an alkaline reaction to Brilliant- 
yellow. The precipitated base was filtered off, dissolved in alcohol with the addition of a little 
ammonia, and poured into water. The solid was collected, washed with water, dried, and crystallised 
from alcohol, giving colourless thick prisms (9 g.), m. p. 176 — 177° (Found : C, 64*1 ; H, 3*9; N, 16*2; 
Cl, 26*2. C.aH.iNaClj requires C, 63*7 ; H, 4*1 ; N, 15*7 ; Cl, 26-5%). 

{b) 4 : 6-Dichloro-2 : 6-dimethylpyrimidine (6*3 g.) and /?-chloroaniline (4*2 g.) were heated in acetic 
acid (30 c.c.), containing a crystal of potassium iodide, at 40° for 20 hours. Addition of sodium acetate 
(4 g.) and dilution with water gave 4-chloro-6-p-chloroanilino-2 : 6-dimethylpyrimidine which was 
filtered off, washed with water, and dried. It had m. p. and mixed m. p. 176° after crystallisation from 
benzene-light petroleum (Found : Cl, 26*6%). 

4^-Chloyo-iS-hydroxy-2 : 5~dimethylpyrimidine (VI; R — Me). — 4 : 6-Dichloro-2 : 6-dimethylpyrimidine 
(26 g.), water (250 c.c.), and hydrochloric acid (100 c.c.) were boiled together under reflux for 1 hour 
(complete homogeneity was obtained after i hour). The solution was cooled, made alkaline with sodium 
hydroxide, and then acidified with acetic acid. The piecipitated product was filtered off and purified 
by dissolution in ammonia and rcprecipitation with acetic acid. After drying, it crystallised from 
alcohol in colourless slender prisms (yield 16*3 g.), m. p. 225° (Found : C, 46*5; H, 4*4; N, 17*5; Cl, 
22*8. C^H^ONjCl requires C, 46*4; H, 4*4; N, 17*7; Cl, 22*4%). 

4-Chloro-Q-p-dietkylaminoeihylaminO’2 : B-dimethylpyrimidine (IX; R « R' = Me, R" ^[CHgla'NEtg). 
— 4-Chloro-6-hydroxy-2 : 6-dimethylpyrimidine (26 g.) and /3-diethylaminoethylamine (18*3 g.) were 
mixed and heated at 160—160° for 8 hours. A portion of the resulting solid, on treatment with excess 
of picric acid in methanol solution, gave 4-p-dietkylaminoethylamino-Q^hydroxy-2 : 6-dimethylpyrimidine 
dipicrate which crystallised from alcohol in yellow rectangular prisms, m. p. 164° (F'ound : C, 41*6; 
H, 4-2; N, 20*2. Ci2Ha20N4,2CeH80rN, requires C, 41*4; H. 4 0; N, 20*1%). The remainder of the 
hydrochloride was refluxed with phosphoryl chloride (220 c.c.) for 5 hours and the excess of phosphoryl 
chloride then removed by distillation under reduced pressure and the residue poured on ice. Addition 
of sodium hydroxide to the solution liberated the chlofo-compound which was extracted with chloroform, 
and the extract was dried and evaporated. The residue w^as distilled in a vacuum giving 4-chloro-6-p- 
diethylaminoethylamino-2 : 6~dimethylpyrimidine (21*9 g.), b. p. 139°/0*086 mm. (Found : C, 56*1 ; H, 8*2 ; 
Cl, 13 5. CjjHaiN^Cl requires C, 56*1; H, 8*2; Cl, 13*8%). It formed b, hydrate vfhich crystallised 
from light petroleum (b. p. 60 — 80°) in colourless thick laminae, m. p. 80° (Found : C, 62*6; H, 8*4; 
N, 20*3. C,2H2iN4Cl,HaO requires C, 62*5; H, 8*4; N, 20*4%), and a dipicrate which separated from 
alcohol in yellow laminae, m. p. 143° (Found : N, 19*6. Ci2HgiN8Cl,2C8H307N3 requires N, 19*6%). 

4-h-Diethylamino-a-methylbutylamino-6-hydroxy-2 : 6-dimethylpyrimidine (VIII ; R = Me, R' = 
CHMe*[CHa]3*NEt2). — 4-Chloro-6-hydroxy-2 : 6-dimethylpyrimidine (31*7 g.) and 8-diethylamino-a- 
methylbutylamine (31*6 g.) vjpre mixed and heated at 160 — 160° for 8 hours with stirring to ^ve, on 
cooling, a viscous mass of 4-S-diethylamino-a-methylbutylamino-6-hydroxy-2-methyIpyrimidine 
hydrochloride which could not be crystallised. The dipicrate, prepared from the hydrochloride with 
excess of picric acid in methanol, crystallised from alcohol; m. p. 163 — 164° (Found : C, 43*9; H, 4*8. 
Ci 5H„0N4,2 CcH 30,N3 requires C, 43*9; H, 4*6%). 

4-Chloro-6-h-diethylamino-a-methylb%Uylamino-2 : 6-dimeihylpyrimidine (IX ; R = R' = Me, R" 
CHMe*[CH2]s*NEt2). — Pho.sph(»y] chlonde (225 c.c.) was added to the above crude hydrochloride 
(62 g.) and the mixture boiled under reflux for 4 hours. Most of the excess of phosphoryl chloride was 
removed under diminished pressure, the residue poured on ice, and, after solution had occurred, sodium 
hydroxide added to alkalinity, the oily product extracted with chloroform, and the extract dried and 
evaporated. Distillation of the residue gave the chloropyrimidine as a colourless oil (yield, 22*06 g.), 
b. p. 144— 146°/0056 mm. (Found: Cl. 12*1. 12*3. CuHa^N^Cl requires Cl, 11*9%). A crystalline 
derivative was not obtained. 

4-p-Chloroanilino-6-p-diethylaminoethylamino-2 : 6-dimethylpyrimidine (IV ; R = Cl, R' == R'' = Me, 
R'" = [CHJj'NEtj). — {a) 4-Chloro-6-/^-chloroanilino-2 ; 6-dimethylpyrimidine (14*6 g.), /J-diethyl- 
aminoethylamine (15 g.), and a crystal of potassium iodide were heated at 150 — 160° for 6 hours with 
stirring. The resulting melt was dissolved in dilute hydrochloric acid, and the solution made alkaline 
with sodium hydroxide and extracted with chloroform. After removal of the solvent the residue was 
stirred with 6% acetic acid, and the extract separated, stirred with decolourising carbon, and filtered. 
The filtrate was then made strongly alkaline with sodium hydroxide and extracted with chloroform, 
and the extract dried and evaporated. Distillation of the residual oil afforded 4rp-chloroanilino-^p^ 
diethylaminoeihylamino-2 : 6-dimethylpyrimidine as a ccflourless oil (yield, 11*6 g.), b. p. 200°/0*07 mm. 
(Found: C, 61*6; H, 7*6; N, 19*7; Cl, 10-2. CigH^eNjCl required C, 62*2; H, 7*6; N, 20*1; Cl, 
10*2%). The base was converted into its dihydrochloride by dissolving in 2N-hydrochloric acid and 
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evaporating the solution to dryness. The residue was dried and freed from adhering hydrochloric acid 
by dissolving in alcohol and evaporation to dryness under reduced pressure several times. Crystallis- 
ation from alcohol-ethyl acetate then gave thin colourless prisms, m. p. 263 — 264*’ (Found : C, 51 0; 
H, 6*4; N, 16-4; C1M6-2. CigHgeNjCUHCl requires C, 51*4; H, 6*7; N, 16-66; CV, 16-9%) (3990). 

{b) A mixture of 4-chloro-6-)3-diethylaminoethylamino-2 : 5-dimethylpyrimidine (5-13 g.), ;^-chloro- 
aniline hydrochloride (3*28 g.), and hydrochloric acid (0-25 c.c.) was heated at 150 — 160“ for 6 hours. 
By direct crystallisation of the resulting solid melt from alcohol- ethyl acetate, 4-^-chloroanilino-6-j8- 
diethylaminoethylamino-2 ; 6-dimethylpyrimidine dihydrochloride was obtained (yield, 6-7 g.), m. p. 
and mixed m. p. 262—264° (Found : C, 61-2; H, 6-1; N, 16-4; Cl', 16-6%). 

^'p-Chloroanilino-^-Y-diethylaminopropylamino-2 : 6-dimetkylpyrimidine (IV ; R Cl, R' = R" — 
Me, R'" = [CHjJa'NEta), prepared by method (a) above from 4-chloro-6-^-chloroanilino-2 : 6-dimethyl- 
pyrimidine and y-diethylaminopropylamine. formed a colourless viscous oil, b. p. 204°/0-046 mm. 
(Found: C, 62*9; H, 7-8; N, 18-8; Ci, 9-8. CiftH^gNsCl requires C, 63-1 ; H, 7*7; N, 19-4; Cl. 9-8%) 
which gave a dihydrochloride as colourless prisms from alcohol-ethyl acetate, m. p. 217 — 218° (Found : 
C, 48-8; H, 7-1; N, 14-9; Cl', 16-1. Ci8H28N5Cl.2HCl.2H2O requires C, 48-5 ; H, 7-2; N. 14-9; Cl', 
16-1%) (5607). 

4i-ip^Chloroanilino-Q-y-dimethylaminopropylamino~2 : 5-dimethylpyrimidine (IV ; K = Cl, R' = R" = 
Me, R'" = [CHaJa'NMea), prepared in a corresponding manner using y-dimethylaminopropylamine, 
was obtained as colourless prisms from light petroleum (b. p. 60 — 80°), m. p. 105° (Found : C, 61-2; 
H, 7-0; N, 20-6. C17H24N5CI requires C, 61*2; H, 7-2; N, 21-0%). It gave a dihydrochloride which 
crystallised from alcohol-ethyl acetate in tiny colourless prisms, m. p. 276 — 276° (decomp.) (the m. p. 
varied slightly with the rate of heating) (Found : C, 49-9; H, 6-3; N, 17*3; Cl', 17-2. C,-H„4N6C1,2HCI 

requires C. 50-2; H. 6-4; N, 17-2; Cl'. 17-5%) (4067). ‘ " 

^-ip-Chloroanilino-5-b-diethylamino-a-methylbutylamino-2 : 5-dimethylpyrimidine (IV ; R = Cl, R' = 
R" = Me, R'" = CHMe*[CH2]3*NEt2). — The condensate (150 — 160° for 6 hours) of 4-chloro-6-8-diethyl- 
amino-a-methylbutylamino-2 : 6-dimethylpyrimidine (14-93 g.) and />-chloroaniline (8-2 g.) was dis- 
solved in dilute hydrochloric acid, made alkaline with sodium hydroxide, and then extracted with 
chloroform. Evaporation of the dried chloroform extract and distillation of the residue gave the base 
(9*4 g.) as a colourless highly viscous oil, b. p. 208°/0-66 mm. (Found : C, 64-5; H, 7-8; Cl, 9*6. 
C21H82N5CI requires C, 64-7 ; H, 8-2 ; Cl, 9-1%) (3988). No solid salt could be isolated. 

4i-yt-Bromoanilino-5-^-diethylaminoethylamino-2 : 5-dimethylpyrimidine (IV ; R =: Br, R' = R" = 
Me, R'" = [CH2]8'NEt2). — 4-Chloro-6-)3-diethylaminoethylamino-2 : 6-dimethylpyriniidine (10-26 g.) 
was mixed with />-bromoaniline hydrochloride (6-9 g.), a few drops of hydrochloric acid were added, 
and the whole was heated at 160—160° for 6 hours. The melt, originally fluid, was completely solid 
after 2-6 hours. Crystallisation from alcohol-ethyl acetate gave the dihydrochloride as colourless thick 
prisms, m. p. 265 — 266° (Found : C, 46-3; H, 6-4. Ci8H26N5Br,2HCl requires C, 46-45; H, 6-0%). 

4i-Chloro-5-’p-anisidino-2 : 5-dimethylpyrimidine (V; R = Cl, R' — c3Me, R" = Me). — (a) 4 : 6- 
Dichloro-2 : 6-dimethylpyrimidine (8-86 g.), ^-anisidine (6-15 g.), water (40 c.c.), acetone (20 c.c.), and 
lON-hydrochloric acid (1 c.c.) were refluxed for 3 hours. The mixture was diluted with water and made 
alkaline with ammonia. The filtered product was dissolved in 2-ethoxyethanol, and the solution made 
alkaline by the addition of a little ammonia and then poured into water. The precipitated solid was 
collected, washed with water, and dried. Crystallised from w-propanol, the base (9-6 g.) had m. p. 201® 
(Found: C, 68-8; H, 6-0; N, 16-8; Cl, 13-1. CijHi^ONsCl requires C, 69-2; H, 5-3; N, 16-9; Cl, 
13-5%). 

(6) 4 : 6-Dichloro-2 : 6-dimethylpyrimidine (5-31 g.), />-anisidine (4-5 g.), glacial acetic acid (30 c.c.), 
and lON-hydrochloric acid (0-2 c.c.) were stirred at 40 — 45° for 20 hours. Sodium acetate (4 g.) was 
then added and the solution diluted with water (300 c.c.). On standing, the product gradually separated 
and was filtered off, washed with water, and dried. Crystallisation from benzene gave 4-chloro-6-/?- 
anisidino-2 : 6-dimethylpyrimidine (6-4 g.) as colourless needles, m. p. and mixed m. p. 201° (Found : 
Cl, 13*4%). 

^-i^-Anisidino-5-p-diethylaminoethylamino-2 : 5-dimethylpyrimidine (IV ; R = OMe, R' =:= R" = Me, 
R'" r= [CH2]2’NEt2). — The above chloropyrimidine (10 g.), j8-diethylaminoethylamine (14 g.), and a 
crystal of potassium iodide were heated at 150 — 160° for 6 hours with stirring. The resulting reaction 
mixture was worked up as described previously for the corresponding /?-chloroanilino-compound and 
gave the base (8*9 g.) as a colourless viscous oil, b. p. 203°/0-6 mm. (Found : C, 67-0; H, 9-3; N, 19-8. 
Ci 9H2®ON5 requires C, 66-5; H, 8-5; N, 20-4%). The dihydrochloride crystallised from alcohol-ethyl 
acetate in clu.sters of colourless prisms, m. p. 264 — 266° (Found : C, 52-5; H, 7-7; N, 16*1; Cl', 16-9. 
Ci 8H*80N5,2HC1,H20 requires C, 52-5 ; H, 7-6; N, 16-1; Cl', 16-4%) (3962). 

^Chloro-5-p-nitroanilino-2 : 5-dimethylpyrimidine (V; R = NO2, R' = R" == Me). — 4 : 6-Dichloro- 
2 : 6-dimethylpyrimidine (6-22 g.), />-nitroaniline (4-66 g.), acetic acid (60 c.c.), and a crystal of potassium 
iodide were heated at 66 — 60° for 18 hours. Sodium acetate (3 g.) was then added and the solution 
diluted with water (600 c.c.). The precipitated solid was filtered off, washed with water, and dried. 
Crystallised from butanol, the base formed yellow prisms (yield, 6-2 g.), m. p. 208 — 210° (Found: Cl, 
12-9; CigHnOaN^Cl requires Cl, 12-7%). 

4r^-Nitroanilino-5’ja-diethylaminoethylamino-2 : 5-dimethylpyrimidine (IV ; R — NOg, R' = R" == 
Me, R'" = [CHJj'NEtg). — (a) An intimate mixture of 4-chloro-6-j3-diethylaminoethylamino-2 : 6- 
dimethylpyrimidine (1*0 g.) and />-nitroaniline hydrochloride (0-68 g.) was heated at 160 — 160° for 6 
hours with stirring in the initial stages. The cold melt was dissolved in hydrochloric acid, and the 
solution made alkaline with sodium hydroxide and extracted with chloroform. The chloroform solution 
was then extracted several times with 6% acetic acid and the combined acetic acid extracts were added 
to excess of sodium hydroxide. The precipitated oil was taken up in chloroform, and the solution dried 
and evaporated. Crystallisation of the residue from light petroleum (b. p. 80 — 100°) gave the base 
as thick yellow laminse, m. p. 104 — 106° (Found : C, 60-4; H, 7*3, N, 23-1. C\8H2«02N8 requires C, 
60*3; H, 7*3; N, 23-6%). 

(6) 4-Chloro-6-/>-nitroanilino-5 : 6-dimethylpyrimidine (1-8 g.), )3-diethylaminoethylamine (1*8 g.), 
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and a trace of potassium iodide were heated at 156 — 166® ior 6 hours and the mixture was worked up 
in the same way as in (a) to give the base (1*8 g.) which was converted into its dihydrochloride. This 
crystallised from alcohol-ethyl acetate in yellowish rectangular prisms, m. p. 254 — 266° (Found : C, 
60-1; H, 6-6; N, 19-4. Ci8H„0,Ne,2HCl requires C, 501 ; H, 6-6; N, 19-6%) (4188). 

4 : 6-Dichloro-2-methyl-5-ethylpyrimidine, — 4 : 6"Dihydroxy-2-methyl-5-ethylp3rrimidine (30 g.) (Ferris 
and Ronzio, J. Amer. Chem. Soc., 1940, 62 , 606) and phosphoryl chloride (110 c.c.) were refluxed 
for 2 hours and the bulk of the excess of phosphoiyl chloride was then removed under diminished pres- 
sure. The residue was poured on ice (200 g.), the product extracted with benzene, and the solution 
dried (Na2S04). The benzene was then removed by distillation through a short fractionating column 
and the residue distilled giving 4 : Q-dichlorO’-2-methyl-5~ethylpyrimidine as a colourless oil, b. p. 212 — 
214° (Found : Cl. 37-2. CyHgNaCla requires Cl, 37*2%). 

4i-Chlofo~^-hydvoxy-2-methyl-b-ethylpyrimidine (VI; R — Et). — 4 : 6-Dichloro-2-methyl-5-ethyl- 
pyrimidine (25 g.), water (260 c.c.), and hydrochloric acid (100 c.c.) were boiled under reflux for 2-6 
hours. The resulting clear solution was cooled, made alkaline with ammonia, and then acidified with 
acetic acid. Next day the product was filtered off and purified by dissolution in dilute sodium 
hydroxide and reprecipitation with acetic acid. The dried base crystallised from alcohol in colourless 
elongated prisms (yield, 19*2 g.), m. p. 209° (Found : C, 49-0; H, 5*0; N, 16*4. C^HgONgCl requires 
C, 48-7; H, 6*2; N, 16-2%). 

Ar'p~ChloroaniHno-Q‘hydroxy-2-inethyl-^-eihylpyrimidine (VII; R = Cl, R' = Et). — 4-Chloro-6- 
hydroxy-2-methyl-5-ethylpyrimidine (8*63 g.), />-chloroaniline (9-6 g.), and hydrochloric acid (0*5 c.c.) 
were mixed and heated at 160 — 170° for 8 hours. After cooling, the melt was dissolved in warm aqueous 
sodium hydroxide, and the solution treated with decolourising carbon and filtered. Addition of acetic 
acid to the filtrate gave the product which was filtered off, digested with aqueous ammonia, collected, 
and dried. 4rp-Chlofoanilino-Q-hydroxy-2-methyl-^-ethylpyfimidine crystallised from 2-ethoxyethanol 
in colourless needles (yield, 8*1 g,), m. p. 275° (Found : C, 59*0; H, 5-9; N, 16-1. Ci3Hi40NaCl requires 
C, 59-2; H, 61 ; N. 15-9%). 

^-Chloro-^-\}’-cMoroanilino~2-methyl~li-ethylpyrimidine (V; R = Cl, R' = Et, R" — Me). — [a) 4 : 6- 
DiohlorO”2-methyl-6-ethylpyrimidine (6*73 g.) and ^-chloroaniline (4*3 g.) were dissolved in acetic acid 
(30 c.c.), a crystal of potassium iodide was added, and the solution was stirred at 35 — 45° for 20 hours. 
Sodium acetate (3 g.) was then added and the solution drowned into water to precipitate the base 
which was filtered off, dried, and crystallised, first from benzene-light petroleum (b. p. 60—80°) and then 
from dilute alcohol: long colourless rectangular prisms, m. p. 166° (Found : C, 55-6; H, 4-4; N, 14*5; 
Cl, 25*2. Ci3H,3N3Cl2 requires C. 55*3; H, 4*6; N, 15*0; Cl, 25*2%). 

{b) 4-/)-Chloroanilino-6-hydroxy-2-methyl-5-ethylpyrimidine (8 9 g.) and phosphoiyd chloride (46 
c.c.) were refluxed for IJ hours, and the clear solution was cooled and poured on ice. After being 
stirred for i hour the solution was made alkaline with sodium hydroxide and the precipitated product 
filtered off, washed with water, and dried. On boiling it with benzene a small amount of unchanged 
hydroxy-compound remained undissolved. This was removed by filtration and the benzene evaporated. 
Crystallisation of the residue from dilute alcohol gave the same compound as in (a), m. p. and mixed 
m. p. 166° (Found : C, 55*6; H, 4*4; N. 14*8%). 

^•y-Diethylaminopropylamino-Q- hydroxy -2- methyl -5 -eihylpyrimidine (VIII; R = Et, R' = 
[CHJa'NEtg). — 4-Chloro-6-hydroxy-2-methyl-5-ethylpyrimidine (34*6 g.) and y-diethylaminopropylamine 
(26 g.) were heated at 150 — 160° for 8 hours, with stirring until the melt solidified. A small sample of 
the resulting hydrochloride of 4-y-diethylaminopropylamino-6-hydroxy-2-methyl-5-ethylpyrimidine on 
treatment with picric acid in alcohol gave the dipicrate which crystallised from 2-ethoxyethanol-alcohol 
in flat yellow prisms, m. p. 188° (Found : C, 42*9; H, 4*7; N, 19*4. Ci4H830N4,2CeH307N3 requires 

C, 431; H, 4*4; N, 19*3%). 

^■’Chloro-6-y-diethylaminopropylamino-2-methyl-5-cthylpyrimidine (IX; R — Et, R' — Me, R" = 
[CHaJs’NEta). — The above hydrochloride (59*5 g.) was refluxed with phosphoryl cliloride (225 c.c.) 
during 16 hours, and the reaction mixture worked up as described previously for this type of compound, 
giving the chloropyrimidine as a colourless oil, b. p. 142°/0095 mm. (Found; N, 19*1; Cl, 12*1. 
Ci4Ha5N4Cl requires N. 19*7 ; Cl, 12*5%). It gave a dipicrate which crystallised from alcohol in yellow 
tables, m. p. 147—148° (Found : C, 42*0; H, 4-2; N, 18*8. Ci4H85N4C1.2CeH807N8 requires C. 42*0; 

H,4*2; N, 18*86%). 

4rp-Chloroanilino-^-p~diethylaminoethylamino-2~methyl-5-‘ethylpyrimidine (IV ; R — Cl, R' — Et, 
R" = Me.R'"' " [CHal-j-NEtj).— 4-Chloro-6-/>-chloroanilino-2-methyl-6-ethylpyrimidine (2*0, g.), j8-diethyl- 
aminoethylaminc (2*0 g.), and a crystal of potassium iodide were stirred and heated at 14(1 — 
150° for 6 hours. The resulting mixture was dissolved in dilute hydrochloric acid and the solution 
made alkaline with sodium hydroxide. The precipitate was separated by decantation and dissolved 
in 5% acetic acid, and the solution was filtered. On addition of sodium hydroxide to the filtrate, the base 
was obtained as an oil which was extracted with benzene, and the extract was dried and evaporated. 
The residual oily base gave a dihydrochloride which crystallised from alcohol-ethyl acetate in colourless 
thick prisms, m. p. 268—270° (decomp.) (Found : C, 52*3 ; H, 6*8 ; N. 16*0 ; Cl', 16*3. Ci3Ho8N6Cl,2HCl 
requires C, 62*5 ; H, 6*9; N, 16*1; Cl', 16*3%) (4046). 

4rj>-Chloroanilino~Q-y-dimethylaminopfopylaminO’‘2-methyl~b-ethylpyrimidine (IV ; R — Cl, R' = Et, 
R" = Me, R'" == [CHjJj’NMea). — Obtained similarly from 4-chIoro-6-/?-chloroanilino-2-methyl-6- 
ethylpyrimidine and y-dimethylaminopropylamine, this gave a dipicrate which crystallised from alcohol 
in thick yellow laminae, m. p. 171 — 173° (Found: C, 45*1; H, 4*5. 0131188X50,20411307X3 requires 

C. 44*7 ; H, 4*0%), and a dihydrochloride which crystallised from alcohol-ethyl acetate in colourless flat 
prisms, m. p. 278—279° (decomp.) (Found ; C, 47*7 ; H, 7*3 ; X, 16*1 ; O', 15*3. Ci3H.eX5Cl,2HC1.2H.O 
requires C. 47*3; H, 7*0; X, 15*3; O', 15*6%) (4017). 

4t-p’Chloroanilino-%-y-diethylaminopropylamino~2-methyl‘^-‘ethylpyrimidine (IV ; R = Cl, R' == Et, 
R" = Me, R'" = [CHJj'XEt,). — 4-Chloro-6-y-diethylaminopropylamino-2-methyl-5-ethylpyrimidine 
(8*36 g.), p-chloroaniline (4*8 g.), and a few drops of hydrochlonc acid were heated at 160 — 160° for 
6 hours with stirring. The melt (cooled) was dissolved out with hydrochloric acid and the solution 
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made alkaline with sodium hydroxide. The liberated oil was extracted with benzene, and the extract 
dried and evaporated. Distillation of the remaining oil gave 4:-i^-chloroanilino-^-y-diethylaminopiropyl- 
amino-2,-methyl-b-ethylpyrimidine (6*3 g.), b. p. 210®/0-066 mm. (Found : C, 63*5; H, 8*0. C 2 oH 3 oN 5 Cl 
requites C, 63*9; H, 8*0%), which formed a dihydrochloride, colourless prisms from alcohol-ethvl 
acetate, m. p. 162^^ (Found: C. 50*9; H. 7*1; N, 14*9; Cl', 14*8. C«oHaoNBa,2Ha.HaO requires C, 
61-4; H, 7-3; N, 15-0; Cl', 16-2%). 

4t-‘p-AnisidinO‘^-’hydroxy-2-methyl’6-ethylpyrimidine (VII; R = OMe, R' == Et). — 4-Chloro-6- 
hydroxy-2“met]iyl-5-ethylpyrimidine (17*25 g.), ^-anisidine (12*3 g.), and hydrochloric acid (1 c.c.) 
were heated at 160 — 170° for 3 hours. The mixture was dissolved in dilute sodium hydroxide solution, 
and the solution treated with decolourising carbon and filtered. Acidification of the filtrate with acetic 
acid gave a product which was freed from a small amount of unchanged 4“Chloro-6-hydroxy-2-methyI- 
6 -ethylpyrimidine by stirring with 10% aqueous ammonia for 3 hours and filtering. After being washed 
with water and dried, the base crystallised from alcohol in colourless thick prisms, m. p. 199 — 200° 
(Found: C, 650; H. 6 * 6 ; N, 16*3. Ci 4 Hi 70 aN 3 requires C. 64-9 ; H, 6 * 6 ; N, 16*2%). 

4-Chloro-f}~p-anisidino-2-methyl-5-ethylpyrimidine (V; R = OMe, R' — Et, R" — Me). — {a) 4 : 6 « 
Dichloro-2-methyl-6-ethylpyrimidine (5*73 g.) and ^-anisidine (4*1 g.) were kept in acetic acid (30 c.c.), 
with the addition of a crystal of potassium iodide, at 40 — 45° for 20 hours. After addition of sodium 
acetate (3 g.) the solution was drowned into water (300 c.c.), and the precipitated product filtered off, 
washed with water, and crystallised from dilute alcohol ; colourless elongated prisms, m. p. 157° (Found : 
C, 60*6; H, 5*7; N, 15*2. Ci 4 HiaON 3 Cl requires C, 60*5; H, 5*8; N, 15*1%). 

(b) 4-/>“Anisidino-6-hydroxy-2-methyl-6“ethylpyrimidinc (11*9 g.) and phosphoryl chloride (60 c.c.) 
were boiled under reflux for IJ hours and the clear solution poured on ice. Addition of ammonia pre- 
cipitated the product which was purified by cryvStallisation from dilute alcohol. It then had m. p. 157° 
either alone or in admixture with material made by method (a) (Found : C, 60*1 ; H, 5*4%). 

4t-p-Anisidino’^-^-diethylaminoethylamino-2-methyl-6-ethylpyrimidine (IV ; R OMe, R' = Et, 
R" =. Me, R'" — [CH 2 ] 2 *NEt 2 ). — 4-Chloro-6-/)-anisidino-2-methyl-5-ethylpyrimidine (2*75 g.) and 
jS-diethylaminoethylaminc (2*5 g.) were heated at 155 — 165° for 8 hours and the mixture -worked up as 
in the case of the corresponding ^-chloroanilino-compound, giving the dihydrochloride as colourless 
laminae from alcohol-ethyl acetate, m. p. 250 — 251° (decorap.) (Found: C, 55*5; H, 7*5; N, 15*9; 
Cl', 16*3. C 20 H 81 ON 5 . 2 HCI requires C. 55*8; H, 7*7; N, 16*3 ; Cl', 16*5%) (4048). 

4fp-Anisidino-^-y-dimethylaminopropylamino-2-methyl-b-ethylpyrimidine (IV ; R = OMe, R' — Et, 
R'' = Me, R'" = [CHals’NMcg). — 4-Chloro-6-^-anisidino-2-methyl-5-ethylpyrimidine (2*75 g.) and 
y-dimethylaminopropylamine (2*5 g.) were heated, with the addition of a trace of potassium iodide, at 
150 — 160° for 8 hours with stirring. The melt was dissolved in dilute hydrochloric acid and the solution 
poured into excess of sodium hydroxide solution. The precipitated product was collected and purified 
by dissolution in 5% acetic acid and reprecipitation with sodium hydroxide. The base, isolated by 
extraction with benzene, crystallised from light petroleum (b. p. 80 — 100°) in colourless needles, m. p. 
106—107° (Found : C, 66*2; H, 7*8; N, 20*3. requires C, 66*5; H, 8*5; N, 20*4%) (4069). 

4 : ^‘Dichloro-6-phenyU2-methylpyrimidine. — 4 : 6-I)ihydroxy-5-phenyl-2-methylpyrimidine (40 g.) 
(Dox and Yoder, /. Amer. Chem. Soc., 1922, 44, 361) and phosphoryl chloride (140 c.c.) were boiled 
under reflux for 2 hours. The excess of phosphoryl chloride was then removed under reduced pressure 
and the residue poured on a mixture of ice and water (300 g.). After ^ hour's stirring, the product 
which had separated was filtered off, washed acid-free with water, and crystallised from alcohol ; colour- 
less plates, m. p. 160° (Found : C, 55*2; H, 3*1; Cl, 29*1. CnHgNgClg requires C, 55*2; H, 3*35; Cl, 
29*7%). 

^^ChloYO-^-p-chloroanilino-^-phenyl-2~methylpyrimidine (V ; R = Cl, R' = Ph, R" == Me). — 4 : 6 - 
Dichloro-6-phenyl-2-methylpyrimidine (11*95 g.) and />-chloroaniline (6*4 g.) were ground together, 
acetic acid (3 g.) was added, and the mixture was heated at 110 — 115° for 1 hour. The cooled melt was 
dissolved in alcohol, and the solution made alkaline with ammonia and poured into water. The pre- 
cipitated base was fil^red off, washed with water, and dried. Crystallised from light petroleum (b. p. 
>120°), it formed colourless prisms (9*5 g.), m. p. 155 — 156° (Found : C, 62*1; H, 4*1; N, 12-8; Cl, 
21*2. Ci^HjaNjCla requires C, 61*8; H, 3*9; N, 12*7; Cl, 21*5%). 

4t.‘p-Chloroanilino-^~^~diethylaminoethylamino-^-phenyl-2-methylpyrimidine (IV ; R = Cl, R' — Ph, 
R" = Me, R'" — [CHgJa'NEta). — The above chloropyrimidine (12*0 g.), j 8 -diethylaminoethylamine 
(12*0 g.), and a crystal of potassium iodide were heated at 150 — 160° for 6 hours with stirring and then 
worked up to give the pyrimidine which crystallised from light petroleum (b. p. 40 — 60°) in colourless 
laminae, m. p. 88—89° (Found : C, 67*0; H, 7*1; N, 17*5. CagHaaNgCl requires C, 67*4; H. 6 * 8 ; N, 
17*1%). 

^‘■p-Chloroanilino-^-y-diethylaminopropylamino-B-phenyl-2-methylpyrimidine (IV ; R = Cl, R' — Ph, 
R" Me, R'" = [CHals'NEta), prepared in a similar manner using y-diethylaminopropylamine in 
place of ^-diethylaminoethylamine, crystallised from light petroleum (b. p. 40 — 60°) in colourless thick 
rectangular prisms, m. p. 77 — 78° (Found: C, 67*7; H, 6 * 8 ; N, 16*7. C 24 H 3 „N 5 C 1 requires C, 68*0; 

H, 7*1 ; N, 16*5%). A crystalline dihydrochloride could not be obtained either from this or the preceding 
compound. 

4t‘Chloro-2-amino~Q-p^chloroanilinopyrimidine (V; R — Cl, R' = H, R" — NHa). — (a) 4 : 6-Di- 
chloro-2-aminopyrimidine (12*3 g.) and /?-chloroaniline (9*6 g.) were ground together, acetic acid (9-0 g.) 
was added, and the mixture was heated to 110°. After a few minutes at this temperature a vigorous 
reaction occurred, and the reaction mixture which had previously become fluid and homogeneous 
suddenly set solid. The cooled and ground melt was boiled with alcohol (150 c.c.) containing ammonia 
for IJ hours, then diluted with water, and the product collected and dried. Crystallised from ethyl 
acetate it formed colourless prisms (yield, 11*6 g.), m. p. 242 — 243° (Found : C, 47*1 ; H, 3*2; N, 21-9; 
Cl, 28*1. CioHgNgClj requires C, 47*1; H, 3*1; N, 22*0; Cl, 27*7%). Addition of hydrochloric acid 
to its alcoholic solution gave a hydrochloride as colourless needles, m. p. 252 — 254° (Found ; N, 18*2; 
Cl, 33*6. CioH 3 N 4 Cl 2 ,HCl,HjO requires N, 18*1 ; Cl, 34*4%). 

( 6 ) 4 : 6-Dichloro-2-aminopyrimidine (8*2 g.), ^-chloroaniline (6*3 g.), water (40 c.c.), acetone (10 c.c.), 
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and lON-hydrochloiic acid (0*5 c.c.) were boiled under reflux for 2 hours. After cooling* the product 
was Altered ofl* washed with water* and dissolved in boiling 2<ethoxyethanol with the addition of 
ammonia to give an alkaline reaction. After dilution with water the precipitated product was Altered off, 
washed with water* dried, and crystallised from ethyl acetate ; m. p. 241 — 242® either alone or admixed 
with the product from (a) above (yield, 6-5 g.). 

4t-ChlorO’'2-amino-Q'p-anisidinopyritnidin6 (V ; R = OMe, R' === H, R" — NH*). — ^To an intimate 
mixture of 4 : 6-dichloro-2-aminopyriniidine (12*3 g.) and p-anisidine (9*2 g.), acetic acid (4*6 g.) was 
added and the mixture heated to 110®; a vigorous reaction then took place. After ^ hour at 110®, 
the melt was cooled, ground, and stirred with dilute ammonia for 2 hours. The resulting base was 
fitered off, washed with water, and crystallised from alcohol, giving colourless prisms (8*9 g.), m. p. 
224—225® (Found : C, 631; H. 4*6; N* 22-1. CuHnON^Cl requires C, 62-7; H, 4*4; N, 22-86%l. 
llie hydrochloride had m. p. 236° (decomp.) (Found: N, 19*3; Cl, 24-1. CiiHnON4Cl,HCl requires 
N* 19-6; Cl, 24-7%). 

^•>Chloro~2-amino-Q~^-toluidinopyrimidine (V; R — Me, = H, R" = NHa), prepared similarly 
using p-toluidine in place of p-anisidine, crystallised from alcohol in colourless laminae, m. p. 239 — 241® 
(Found: C, 661; H, 4-7; N, 23-8. C11H11N4CI requires C, 66-3 ; H. 4*7; N, 23-9%). It formed a 
hydrochloride, m. p. 259 — 260° (decomp.) (Found: N, 20*3; Cl, 26*4. CiiHiiN4Cl,HCl requires N, 
20-3; Cl, 26-4%). 

2-’Amino-4r‘p-‘chloroanilino-Q-B~dieihylaminoethylammopyrimidine (IV ; R = Cl, R' = H, R" = NHj, 
R'" [CHgJj’NEta). — (a) 4-Chloro-2-amino-6-p-chloroanilinopyrimidine hydrochloride (9*7 g.) and 
/S-diethylaminoethylamine (4-84 g.) were heated at 160 — 160® for 5 hours, and the mixture was cooled 
and dissolved in water. To the solution sodium hydroxide was added, and the precipitated product 
was extracted with chloroform. The chloroform solution was shaken several times with 5% acetic 
acid and the acid extracts were combined, made alkaline vrith sodium hydroxide, and extracted with 
chloroform. The dried chloroform solution, on evaporation, gave the base which ciystallised from 
benzene in colourless laminae (8 g.), m. p, 135® (Found : C, 57*4; H, 7*0; N, 24*7. CnHagNeCl requires 
C, 67-4; H, 6-9; N. 26-1%) (3861). 

(5) 4-Chloro-2-amino-6-^-diethylaminoethylaminopyridimine (6-1 g.) (see below) and p-chloro- 
aniline hydrochloride (4-1 g.) were mixed and Seated in an oil-bath at 170 — 180° for 6 hours. The 
resulting melt was dissolved in warm dilute hydrochloric acid and then worked up as in (a) to give 
2-amino-4-p-chloroanilino-6-/3-diethylaminoethylaminopyiimidine, m. p. and mixed m. p. 134 — 136®. 

By method {a) above a number of other 2-amino-i-arylamino'B-dialkylaminoalkylaminopyrimidines 
were prepared. Details of these are given in Table I. 

4-Chloro-2-amino-B-p-chloroanilino-5-^thylpyrimidine (V; R = Cl, R' = Et, R" =5 NHg). — 4 : 6- 
Dichloro-2-amino-5-cthylpyrimidine (19-2 g.) (v. Merkatz, Ber., 1919, 52, 869) and ^^-chloroaniline 
(12‘76 g.) were ground together, acetic acid (6 g.) was added, and the mixture was heated at 100 — 110° 
for i hour with stirring. A homogeneous melt was obtained which suddenly solidiAed after about 
J hour. The cooled and ground melt was dissolved in boiling alcohol with the addition of ammonia 
to give an alkaline reaction, and the solution poured into water. The precipitated product was Altered 
off and dried. By crystallisation from benzene it was obtained as colourless tables (19-26 g.), m. p. 
168—160® (Found; C, 61-2; H, 4-2; N, 19-4. Ci2H,2N4Cl2 requires C, 60-9; H, 4-2; N. 19-8%). 
The hydrochloride crystallised from alcohol containing a little hydrochloric acid in long colourless prisms, 
m. p. >290® (Found : C, 46-6; H, 4-6; N, 17-6. C„H„N4Cl2,HCl requires C, 45-1; H, 4-1 ; N, 17-6%). 

4-ChlorO'2-amino-B-ip-cyanoanilinO‘6-eihylpyrimidine (V ; R — CN, R' — Et, R" = NHj).— -4 : 6- 
Dichloro-2-araino-5-ethylpyriraidine (12-8 g.) and />-cyanoaniline (7-86 g.) were mixed, and acetic acid 
(4 g.) was added. After being heated for some time at 120® the fluid mixture suddenly solidiAed. 
Heating at 120—130® was continued for 1 hour, and the melt then dissolved in 2-ethoxyethanol, 
ammonia added, and the solution poured into water. The dried precipitated product crystallised from 
butanol in colourless rhombs (10 g.), m. p. 230—232® (Found : C, 67-0; H, 4-1; N* 25-1. CiaHijN^Cl 
requires C, 67-0; H, 4-4; N, 26-6%). 

4 : Q-Dichloro-2-amino-5-phenylpyrimidine. — Guanidine nitrate (24-4 g.) was added to a hot solution 
of sodium (9-2 g.) in methanol (260 c.c.) and, after ^ hour's refluxing, ethyl phenylmalonate (47-2 g.) 
was added. The mixture was boiled under reflux for 3 hours and then allowed to cool. The solid 
was collected and the Altrate evaporated ; the residue and the solid were combined and dissolved in 
warm water, and the solution was treated with decolourising carbon and Altered. The Altrate was 
acidifled with acetic acid at 80°, and the product collected, washed with water, and dried (26-6 g.). 
This 2-amino-4 : 6“dihydroxy-5-phenylpyrimidine (20 g.) and phosphoryl chloride (90 c.c.) were boiled 
under reflux for 3 hours, and the resulting clear solution was poured on ice (600 g.) with stirring. After 
2 hours' stirring, ammonia was gradually added until the mixture was neutral. The solid product was 
Altered off, w-ashed with water, and dri^. Purifleation by vacuum sublimation at 160 — 1 70®/ 14 mm. 
followed by crystallisation from alcohol, gave 4 : ii^dichloro--2-amino-5~phenylpyrimidine as colourless 
plates, m. p. 221—222® (Found: C, 50-3; H, 2-9 ; N, 17-3. CioH^NoCL requires C, 50-0; H* 2-9; 
N* 17-5%). 

4rChloro-2-amino-B-p~chloroanilino-5-phenylpyriinidine (V; R = Cl, R' == Ph, R" = NHj). — ^Acetic 
acid (3 g.) was added to an intimate mixture of 4 : 6-dichloro-2-amino-6-phenylpyrimidine (12-0 g.) and 
/>-chIoroaniline (6-46 g.) and the whole heated at 120 — 130® for 1-6 hours. The mixture gradually 
melted and then resolidifled. After being ground and stirred with dilute ammonia, the solid product 
was dissolved in 2-ethoxyethanol, ammonia added to alkalinity, and the solution diluted with water. 
The crystalline pyrimidine which separated on standing was Altered off, dried, and crystallised from 
butanol; colourless laminae, m. p. 228 — 229® (Found : C, 58-0; H, 3-6; N, 16-6. Ci.H.jNXI, requires 
C, 68-0; H, 3-6; N* 16-9%). 

2-Amino-4-arylainino-B-dialkylaminoalkylamino-5-subsiituied Pyrimidines. — The appropriate 4-chloro- 
2-amino-6-arylaminopyrimidine was heated with excess of dialkylaminoalkylamine and a trace 
of potassium iodide for 6 hours at 160 — 166®. The resulting mixture was dissolved in dilute hydrochloric 
acid and the solution Altered, if necessary, from insoluble material. 'The Altrate was added to excess 
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^‘Amino~4:-afylaminQ~Q-dialkylaminoalkylaminopyrimidines. 
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1364 y-^Methoxy-\ : 2 : 3 ; 4:-tetrahydro-l-mphthyHdenecrotomc Acid. 

of sodium hydroxide and the precipitated product either filtered off or {if liquid) extracted with chloro- 
form. in either case purification was effected by extraction with 5% acetic acid and reprecipitation 
with sodium hydroxide. The precipitated product was collected and dried, or extracted with chloroform 
and the dried extract evaporated, and then crystallised. The compounds prepared are given in Table II. 

^•Chloro-2-aminO‘Q-aminoalkylaminopyrimidines, — ^The requisite 4 : 6-dichloro-2-aminopyrimidine 
was mixed with the aminoalkylamine (1 mol.) and acetic acid (1 mol.), and heated at 100 — 110® (116 — 
120° in the case of the 6-phenyl compounds) for 3 hours. The cooled mixture was lixiviated with dilute 
hydrochloric acid and the solution filtered from unchanged pyrimidine. Addition of sodium hydroxide 
to the filtrate precipitated the product which was isolated either by filtration or by extraction with ether 
and then purified by dissolution in 6% acetic acid and reprecipitation with sodium hydroxide. If solid, 
the product was filtered off and dried ; otherwise, it was extracted with ether, and the solution dried 
and evaporated. The product was then crystallised. Details of the compounds prepared are given 
in Table III. 

Imperial Chemical Industries Limited, 

Research Laboratories, Blackley. Manchester, 9. [Received, December 16/A, 1946.] 


252 . y-Q-Methoxy-\ : 2 : 3 : 4:-tetrahydro-l-naphthyUdenecrotonic Acid. 

By Walter C. J. Ross. 

y-H-Methoxy-l : 2 : 3 : i-tetrahydro-l^naphthylidenecrotonic acid has been prepared and its 
structure elucidated by oxidative degradation and by measurement of its ultra-violet 
absorption spectrum. The acid can be used in a convenient new synthesis of l-keto-7- 
methoxy-1 .2:3; 4-tetrahydrophenanthrene. 

It has been shown that y-broniocrotonic esters can be used in the Reformatsky reaction in the 
same way as a-bromo-esters (Fuson, Arnold, and Cooke, /. Amcr. Chem, Soc., 1938, 60, 2272; 
Ziegler, Schumann, and Winkelmann, Annalen, 1942, 551, 120) and this method has recently 
been applied by Cook and Schoental (/., 1945, 288), who suggested the formula (I) for the 
compound obtained from 1-keto-l : 2 : 3 : 4-tetrahydrophcnanthrene. 


a.) (II.) (111.) (IV.) 

The reaction has now been applied to 0-methoxy-l-tetralone, an acid, ^15^16^3* P* ^89 — 
190”, being obtained after the hydrolysis of the ester first formed. By analogy it was regarded 
as having structure (II). However, the acid exhibits absorption maxima (in chloroform solu- 
tion) at 2490 A. and 3480 a., e = 10,300 and 30,000 respectively. These figures are in much 
better agreement with a structure such as (HI), since this contains a more extended system of 
conjugation, though the wave-length of the primaiy?^ maximum is rather higher than would 
be expected for even this system — ^this fact could possibly be ascribed to the “ exocyclicity 
of one of the double bonds. Structure (III) is also supported by the fact that when the acid 
is oxidised by alkaline potassium permanganate an 80% yield of 6-methoxy-l-tetralone is 
obtained. Rearrangement of the double bonds is very unlikely under the mild conditions 
of the oxidation and so the new acid is regarded as y-6-we/AoA'y-l : 2 : 3 : 4:4etrahydro- 
l^naphthylidenecrotonic acid (III). 

When the acid is heated at 280 — 300° with palladium-black, a 55% yield of y-6-methoxy- 
l-naphthylbutyric acid is obtained. If the methyl ester of (III) is similarly heated and the 
product is liydrolysed, an almost quantitative yield of the naphthalenic acid is obtained. 
Cyclisation of the acid thus formed yields l-keto-7-methoxy-l : 2 : 3 : 4-tetrahydrophenanthrene 
(Bachmann, Cole, and Wilds, J, Amer, Chem. Soc., 1940, 62, 284) which is a useful intermediate 
in the production of synthetic hormones, particularly those of the doisynolic acid series (Heer, 
Billeter, and Miescher, Helv. Chim. Ada, 1945, 28, 1342) ; the method now described is a very 
convenient one for the preparation of this ketone. 

Reduction of the acid (III) in acetic acid-^thanol solution using a palladium catalyst, or in 
aqueous alkaline solution using a Raney nickel catalyst, gives a high yield of y-6-methoxy- 
1:2:3: 4-tetrahydro-l-naphthylbutyric acid (IV), and when heated with sulphur at 200° 
this is converted into y-6-methoxy-l-naphthylbutyric acid (compare Haberland, Ber., 1936 
69, 1380). These reactions provide an alternative route for the conversion of the acid (III) 
into l-keto-7-methoxy-l : 2 : 3 : 4-tetrahydrophenanthrene. 



%/\J 


CO2H 
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Experimental. 

(M. ps. were determined in sealed capillaries and are uncorrected.) 

y-^^Methoxy*\ : 2 : 3 : ^-tetrahydro-Y-naphthylidenecrotonic Acid (III). — Zinc wool (36 g.) was placed 
in a large flask, dry benzene (400 c.c.) containing mercuric chloride (100 mg.) added, and the mixture 
warmed for 15 minutes. 6-Methoxy-l-tetralone (94 g.) was added and then ethyl y-bromocrotonate 
(114 g., b. j). 80 — 86®/2 mm., prepared essentially by the method of Ziegler et al,, Annalen, 1942, 661, 
80) was run in at such a rate that the reaction proceeded at a vigorous but controllable pace. The mixture 
was heated under reflux for a further hour after all the ester had been added, and by this time a deep red 
complex had separated and most of the zinc had dissolved. The mixture was cooled and decomposed 
by shaking it with 2N-hydrochloric acid (500 c.c.) . The product was extracted with ether, and the extract 
was washed with water, evaporated, and heated under reflux for 2 hours with potassium hydroxide 
(50 g.) in methanol (500 c.c.) and water (100 c.c.). The mixture was diluted with water and extracted 
with ether — this extract contained unchanged ketone (50 g.) — and then the aqueous layer was acidified, 
a yellow precipitate of the unsaturated acid being formed. The solid (28 g.) was collected and recrystal- 
lised from acetone or methanol] it formed hard prisms, m. p. 189—190° (Found : C, 73*2; H, 6*8. 
CifiHieOa requires C. 73-7 ; H, 6*6%). 

The methyl ester was prepared by the action of an ethereal solution of diazomethane on the acid or by 
refluxing the acid (10 g.) with methanol (80 c.c.) containing acetyl chloride (10 c.c.) for one hour (compare 
Riegel and Moffat, J. Amer. Chem. Soc., 1943, 65, 1971). In each case the crystalline residue obtained 
after evaporating off the solvents was recrystallised from methanol, giving lemon-yellow prismatic plates 
of the ester, m. p. 85—86° (Found ; C. 74-2; H, 7*2. requires C, 74-4; H, 7*0%). 

Oxidation of Acid (III). — The acid (2 g.) was dissolved in excess of 2N-sodium carbonate, and finely 
powdered potassium permanganate was added to the stirred solution until the supernatant liquid remained 
coloured. The product was extracted with ether, and the extract dried (Na 2 S 04 ) and evaporated. 
6-Methoxy-l-tetralone (T15 g., 80%), m. p. 78 — 79° (undepre.ssed by admixture with an authentic 
specimen of m. p. 79°), was obtained. 

y-Q-Methoxy-l-naphthylbiityric Acid. — The methyl ester of (III) (10 g.) was heated at 280 — 300^ 
for 1 hour in a metal-bath with palladium-black (700 mg.). The product was dissolved in methanol 
(60 c.c.), potassium hydroxide (10 g. in 10 c.c. of water) added, and the mixture heated under reflux for 
2 hours. The cooled solution was filtered and then acidified with dilute hydrochloric acid; the 
naphthalenic acid (9*7 g.), m. p. 149 — 151°, was thus precipitated (Cohen, Cook, and Hewett, 1936, 
52,givem.p. 150—151°). 

Reduction of Acid (III). — (a) The acid (TO g.) was dissolved in ethanol (75 c.c.) and acetic acid 
(10 c.c.), and after addition of palladium-strontium carbonate (500 rag. containing 5% palladium) the 
solution was shaken in an atmosphere of hydrogen. Hydrogen was rapidly absorbed, and after J hour 
the theoretical volume of gas (calculated for the reduction of two double bonds) had been taken up. 
The .solvents were evaporated, and the oily residue was crystallised from light petroleum (b. p. 60 — 80°), 
giving the required acid, m. p. 76 — 78° (900 mg.) (Haberland, loc. cit., gives m. p. 79°). 

(6) The acid (2*5 g.) was dissolved in water (25 c.c.) containing sodium hydroxide (6 c.c. 2n), Raney 
nickel catalyst (1 g.) added, and the mixture shaken in an atmosphere of hydrogen. The theoretical 
volume of hydrogen was absorbed in 3 hours. After filtration, the solution was acidified, and the oily 
precipitate crystallised from light petroleum. In this way 21 g. of the required acid, m. p. 77°, were 
obtained. 

When the acid prepared by either method was heated at 200° for 3 hours with J its weight of sulphur, 
y-6-methoxy-l-naphthylbutyric acid, m. p. 149 — 150°, was obtained. 

The author's thanks arc due to Professor J. W. Cook, F.R.S., for suggesting this method of pre- 
paring l-keto-7-methoxy-l : 2 ; 3 ; 4-tetrahydrophenanthrene, to Dr. E. A. Braude for measuring the 
absorption spectrum, and to Organon Laboratories Ltd. for permission to publish the results. 

Research Dept. Organon Laboratories Ltd., 

London, W.C. 2. [Received, December \^ih, 1946.] 


253 . The Structure of Anhydrotetronic Acid. 

By D. H. Marrian, P. B. Russell, A. R. Todd, and W. S. Waring. 

Anhydrotetronic acid, obtained by refluxing tetronic acid in aqueous solution, is shown by 
degradative studies to have structure (II). 

In the course of investigations in this laboratory on the hatching factor for the potato eelwonn 
{Heterodera rostochiensis Wollenweber) produced by certain host species of Solanacece it was 
observed that anhydrotetronic acid possessed the property of hatching eelworm cysts (Calam, 
Todd, and Waring, to be published elsewhere). Since this acid was at that time the only 
active synthetic substance known, it was a matter of considerable importance for further work 
that its precise structure should be ascertained, and the investigation described in this paper 
was accordingly carried out. 

Anhydrotetronic acid was first described by Wolff and Schwabe [Annalen, 1896, 291, 251), 
who obtained it as colourless crystals containing one molecule of water of crystallisation by heat, 
4t 
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ing an aqueous solution of tetronic acid (I). The anhydrous acid, CgHgOg, was monobasic and 
had m. p. 263® (decomp.). Later Wolff {Annalen^ 1901, 315, 162) showed that it contained in all 
probability a reactive methylene group, since with aliphatic and aromatic aldehydes it gave 
alkylidene- or arylidene-bisanhydrotetronic acids; analogous compounds are obtained from 
tetronic acid on similar treatment. No further examination of anhydrotetronic acid seems to 
have been made. 

Anhydrotetronic acid, like tetronic acid, owes its acidic properties to an enolic hydroxyl 
group ; it gives a maroon colour with ferric chloride and couples readily with diazonium com- 
pounds. On treatment with diazomethane it gives a neutral methyl ether giving no ferric reaction, 
and on bromination it yields a wowo-ft^^owo-derivative. It shows strong selective light absorption 
in the ultra-violet region, and hydrolytic titration at 100® with N/lOO-sodium hydroxide shows 
only 20% of the uptake expected for one lactone group. Under optimum conditions anhydro- 
tetronic acid is formed in a yield of only ca. 33% by heating aqueous solutions of tetronic acid, 
but when the water is replaced by aqueous morpholine reaction proceeds rapidly and the yield 
is almost quantitative. These facts suggest that anhydrotetronic acid has structure (II), 
but, especially since no analogous compound is obtained under similar conditions from either 
a- or y-substituted tetronic acids, it was considered desirable to establish the validity of this 
structure by degradative methods. 


(L) 





(II.) 


Oxidation of anh3^drotetrohic acid with potassium permanganate gave oxalic acid, while 
fusion, with potassium hydroxide yielded both oxahe and acetic acids. Refluxed with dilute 
sulphuric acid, anhydrotetronic acid evolved 1 mol. of carbon dioxide during 15 hours; the 
product, a resinous acid, gave a crystalline i^-phenylphenacyl ester, but was not identified. 
Hydrogenation of anhydrotetronic acid in metlianolic solution with a platinum catalyst pro- 
ceeded rather slowly and ceased when about 2*5 mols. of hydrogen had been taken up. The 
product was not homogeneous and could be readily separated into neutral and acidic fractions. 
The acidic fraction was semi-solid, and no crystalline derivative could be prepared from it. It 
tf.learly contained an enolic hydroxyl group, since it gave a maroon ferric reaction and showed 
selective light absorption at 2330 a. (e, 6000). Titration of the crude fraction gave an equivalent 
of 221, and hydrol^^ic titration caused a further uptake of alkali equivalent to 93^J) of that 
required for a second acid grouping. The failure to isolate any crystalline derivative from the 
material suggested that it was probably a mixture of acids ; it was accordingly oxidised with 
potassium jx-rmanganate in the hojic of obtaining identifiable fragments which would give some 
clue to its nature. Oxidation was at first rapid bu.t slowed down later and was stopped when the 
equivalent of 0 atoms of oxygen had been used ui>. From the product, tricarballylic acid 
(propane- 1 : 2 : 3-tricarboxylic acid) (III) and homoparaconic acid (homopilosinic acid, butanolide- 
2-acetic acid) (IV) were isolated. The isolation of (IV) is significant, since it is clear that in its 
formation the portion of the anhydrotetronic acid molecule (and of the enolic reduced acid) 
containing the enolic hydroxyl group has been destroyed. The lactone ring of (IV) is derived 
from one of the tetronic acid residues present in the starting material, and it is evident that the 
p-carbon atom in this residue must have been joined to the a-position of the second (enolic) 
residue in anhydrotetronic acid. 

The distilled neutral fraction from the hydrogenation of anhydrotetronic acid was stable to 
permanganate and showed no selective light absorj^tion in tlie ultra-violet region. It was 
evidently a mixture, since it gave analytical values lying l>etween those corresponding to 
CgHioO^ and C9H^405 and hydrolytic titration gave an equivalent of 101. Treatment with 
hydrazine gave a mixture of isomeric dihydrazides, C8H18O4N4, which was separated into one 
pure dihydf azide, m. p. 165°, which was sparingly soluble in methanol, and a mixture of more 
soluble dihydrazides, m. p. 126 — 140°. Both the dihydrazide, m. p. 166°, and the isomer mixture 
were oxidised by periodate, 3 mols. of reagent being consumed in each case. Since model 
experiments showed that hydrazides are oxidised by periodate according to the equation 
2R-CO-NH*NHj + 20 = R-CO-NH-NH-COR 4* N* -f 2H2O. it can be deduced that the 
dihydrazides obtained above contain one ot-glycol grouping. From these facts it is concluded 
that the neutral fraction from the hydrogenation contained the methyl ester of a lactonic 
hydroxy-acid, C8HJ2O4, and the corresponding dilactone in their various stereoisomeric modific- 
ations ; treatment of such a mixture with hydrazine would obviously yield a mixture of stereo- 
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isomeric diijydrazides. It may furUier be inferred that the potential carboxyl groups of the two 
tetronic acid molecules involved in the formation of anhydrotetronic acid are still present in the 
latter compound, and that the ring which has been opened by hydrogenolysis to form the acid 
is not the one bearing the enoJic hydroxyl of anhydrotetronic acid. The acid C 8 H ,^04 
is therefore regarded as a (3- (2-hydroxybutanolide-l) -butyric acid (V). 



CHj5 CH — CH, 

COgH CHg CO 

(IV.) 


HO-CH — CH C 

CHg CO t 


H-CHj-COgH 


V 


(V.) 


These results suffice to establish beyond reasonable doubt structure (II) for anhydrotetrc)ui(' 
acid. The course of the hydrogenation described above is explained on the basis of this structure 
according to the scheme given below. Addition of hydrogen in the 3 : 2-position of the conju- 
gated system would give (VI), probably the major component of the acidic fraction, since as a 
substituted tetronic acid its further liydrogenation would be slow (Kumler, J, Amer. Cheni. Soc., 
1938, 60, 859) ; oxidation of (VI) would yield tricarballylic and homoparaconic acids. 
Addition of hydrogen in the 1 : 4-position would yield (VII) as initial product in which ready 
hydrogenolysis of one lactone ring would occur giving (VIII). Further hydrogenation of 
(VIII) would yield the lactonic acid (V), which either lactonises or is esterified by the solvent 
under tlie conditions of hydrogenation (cf. Waser, Ilelv. Chim, Ada, 1925, 8, 117) giving the 
neutral fraction isolated. 


(VI.) 


HO~9=:=C (^H CHg 

CHg CO CHa CO 

V 


H.'I'a : 2) 

(II) 


CH, 


to 


V 


CH, CO 

o 


(VII.) 


oxidation 
> 


(111 -1 IV) 


HO 


V 


O CHn 




,'H. 


(VIII.) 


H. 


> (VI) 


Dilactone 
Methyl ester 


The fact that a-substituted tetronic acids are recovered unchanged after treatment under 
conditions leading to the formation of anhydrotetronic acid (II) from tetronic acid is readily 
understood, but failure to prepare corresponding anhydro-acids from y-substituted tetronic 
acids is rather surprising. On heating an aqueous solution of tetnmic acid, the fomiatioa of 
anhydrotetronic acid can be followed by the rise in equivalent. Under similar conditions a. 
definite, although smaller, rise in eciuivalent was observed witli y-methyltetronic acid (54% 
increase in 90 minutes) or yy-dimethyltetronic acid (7% increase in 90 minutes), indicating that 
some condensation had occurred; no anhydro-acids could be isolated from the resulting 
solutions, nor could the starting material be recovered. Like «-acetyltetronic acid (Baker, 
Grice, and Jansen, 1943, 241), anhydrotetronic acid (pK == 1-99) is a much stronger acid than 
tetronic acid which has pK = 3*76 (Kumler, loc. cit.), and as in the case of a-acetyltetronic acid 
this increase can be attributed to the increased resonance possibilities in the ionised form. 
Structural models show that substitution on the y-carbon atom of tetronic acid would prevent 
the derived anhydro-acid from assuming a planar configuration, with convSequent loss of 
resonance possibilities. As a result the derived anhyaro-acid would be less stable and might 
decompose rapidly after formation or the condensation might take a different course after the 
initial aldol stage ; either possibility would explain the experimental results. 


Experimental. 

Anhydrotetronic Acid. — (1) In water, Tetronic acid (5 g.) in water (15 c.c.) was refluxed for 10 
minutes. On cooling, anhydrotetronic acid separated in small crystals {1-6 g.), m. p. 261''. Recrystal- 
lised from water it had m. p. 263® (decomp.). 

(2) In aqueous morpholine, Tetronic acid (1*76 g.) in water (10 c.c.) and morpholine (1 c.c.) were 
refluxed for 10 minutes; the solution was cooled and acidified with sulphuric acid, giving 1*6 g. of 
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anhydrotetronic acid. m. p. 260® (decomp.). Recrystallised from water it had m. p. 263® (decomp.). 
Light absorption in alcohol : maxima at 3100 a. (c, 14.200) and 2560 a. (e, 9600). 

Methyl Ether of Anhydrotetronic Acid. — Anhydrotetronic acid (200 mg.) in cold methanol (25 c.c.) 
was treated with excess of ethereal diazomethane. The solution was left overnight and then evaporated 
under reduced pressure, the residual oil was diluted with etibier, and the brownish needles were collected 
and recrystallised from methanol (charcoal). The ether formed colourless plates, m. p. 185° (colours on 
heating) [Found : C, .55 0; H, 4-1; OMe. 16*1. requires C, 551; H, 4-1; OMe (1), 15-8%]. 

Bromination of Anhydrotetronic Acid. — Anhydrotetronic acid (100 mg.) in a few drops of water was 
covered with chloroform (2 c.c.), and a solution of bromine in chloroform (1 g. of bromine in 10 c.c. of 
chloroform) added slowly with shaking. Reaction appeared to be complete when 0-7 c.c, of solution had 
been addcjd. The solution was filtered and allowed to evaporate at room temperature ; a glass resulted 
which gradually solidified on standing to a hard white powder, m. p. 144 — 146°. Attempts to recrystallise 
the ftrewo-derivative failed (Found : C, 34*5; H, 2*7. CgHgOgBr.HaO requires C, 34*4; H, 2*5%). 

Oxidation of Anhydrotetronic Acid with Potassium Permanganate. — Anhydrotetronic acid (404 mg.) 
in water (20 c.c.) was treated with potassium permanaganatc solution (1*5 g. in 100 c.c. of solution), 
of which 10 c.c. were taken up (ca. 5 atoms of oxygen). The solution was filtered and acidified with dilute 
sulphuric acid. Volatile acid corresponding to 8*5 c.c. of n/ 10-sodium hydroxide was removed by steam 
distillation. The residual solution was exhaustively extracted with ether, evaporation of which gave a 
yellow solid (340 mg.). Recrystallised from ether it gave colourless prisms, m. p. 102° ; these were con- 
cluded to be oxalic acid from equivalent determination (Found : equiv., 64. Calc, for C2H204,2H20 : 
equiv., 63) and from the fact that they gave an insoluble calcium salt. 

Potassium Hydroxide Fusion of Anhydrotetronic Acid. — Anhydrotetronic acid (250 mg.), potassium 
hydroxide (1 g.), and water (1 c.c.) were heated in a nickel crucible until fused. The melt was deep red 
at first but became yellow as the temperature was raised. When the temperature reached 250°, a further 
quantity (1 g.) of potassium hydroxide was added. The temperature was then raised to 300® and main- 
tained for 10 minutes. The cooled melt was dissolved in water, acidified, and extracted with ether, 
evaporation of which left a brownish solid smelling of acetic acid. The residue was dissolved in water 
and the volatile acid removed by steam distillation. The steam distillate required 7*85 c.c. of N/ 10- 
sodium hydroxide (equivalent to 47*1 mg. of acetic acid ; 0*7 mol.) for neutralisation. After neutralisation 
the distillate was evaporated and the sodium salt refluxed with ^-phenylphenacyl bromide in alcohol. 
On cooling a />-phenylphenacyl ester separated. Recrystallised from alcohol it had m. p. 108 — 109", 
undepressed by the ^-phenylphenacyl ester of acetic acio. 

Extraction of the steam distillation residue gave 126 mg. of oxalic acid which, recrystallised from ether, 
had m. p. 98 — 100° (Found : equiv., 62). The amount of oxalic acid obtained corresponded to 0-7 mol. 

Treatment of Anhydrotetronic Acid with Sulphuric Acid. — Anhydrotetronic acid (508 mg.) was refluxed 
with N-sulphuric acid in a steam of nitrogen, the carbon dioxide evolved being collected in barium 
hydroxide solution. 


Time (hrs.) 0*5 2 5 6*5 14*5 16*5 

CO., (%mol.) 5*6 27*9 55*0 108*0 110*0 


The reaction mixture was made alkaline and extracted with ether ; no neutral fraction was obtained. 
On reacidification of the solution and extraction with ether it gave a brown resinous oil (400 mg.) (equiv., 
135) . The resin reduced Tollens’s reagent and gave a positive Legal reaction ; with ferric chloride it gave 
a weak green colour. Wlien the acid (50 mg.) was treated with />-phenylphenacyl bromide in the usual 
manner it gave a colourless crystalline ester, m. p. 156 — 158° after recrystallisation from ethanol (Found : 
C, 75*3 ; H, 5*5. C2iHi804 requires C, 75*4 ; H, 5*4%). Anhydrotetronic acid was recovered unchanged 
after being heated on the steam-bath for 2 hours with 2% oleum. 

Hydrogenation of Anhydrotetronic Acid. — Anhydrotetronic acid (3 g.) in methanol (75 c.c.) was shaken 
with hydrogen in presence of platinum (from 0*25 g. of platinum oxide), 859 c.c. being absorbed in 4 hours. 
The catalyst was then removed and the methanol evaporated; water was added and the solution 
neutralised with n/ 10-sodium hydroxide and extracted continuously with ether for 24 hours. The ether 
was dried and removed, giving a neutral residue (0*9 g.), which distilled as a pale yellow viscous oil, 
1). p. 180 — 190° (bath temp.)/10’’® mm., stable to potassium permanganate in the cold [Found : C, 64*5 ; 
H, 6*6; OMe, 4*5; active H*. 0*22; M (Rast), 210 ; equiv. by hydrolytic titration, 101, 98. Calc, for 
CjH^Os: C, 53*5; H, 6*9; OMe (1), 15*3; active (1), 0*60% ; 202; equiv. (2 potential COgH), 

101. Calc, for CgHji^O^ : C, 56*4; H, 5*9%; M, 170; equiv., 85]. Acidification of the alkaline solu- 
tion followed by extraction with ether gave a semi-solid acid fraction (2 g.) (1st equiv., 221 in cold; 
2nd equiv., 198 in warm. Calc, for CgHgOg : 1st equiv., 184; 2nd equiv., 184). The substance was acid 
to Congo-red and was rapidly oxidised by permanganate in the cold. It was soluble in cold alkali and 
gave a maroon colour with ferric chloride. Light absorption in alcohol : maximum at 2330 a. (e, 
5000). 

Hydrazides from Neutral Fraction from Hydrogenation. — The above neutral fraction (0*2 g.) was heated 
with hydrazine (1 g.) on a steam-bath for 3J hours. Excess of hydrazine was removed under reduced 
pressure leaving a crystalline residue. Extraction with boiling methanol gave- a crystalline almost 
insoluble dihydrazide, m. p. 155° (Found: C, 40*9; H, 7*5; N, 23*5. C8H18G4N4 requires C, 4T1; 

H, 7*7; N, 23*9%). The methanol extract was diluted with ethyl acetate and yielded a mixture of 
isomeric dihydrazides, m. p. 125 — 140® (Found : N, 23*9. Calc, for C8H18O4N4 : N, 23*9%). The 
dihydrazide, m. p. 155° (13*4 mg. ; 0*0673 X 10*"® mol.), in water was treated with 1 c.c. of 0*235m- 
sodmm periodate ; 0*173 X 10“® mol. of periodate was absorbed {i.e., 3*02 mols. of periodate per mol. of 
dihydrazide). The mixed dihydrazides (21*0 mg.) were treated with 2 c.c. of 0*236M-sodium periodate 
and used up 1*096 c.c. {i.e., 2*89 mols. per mol.). 

Oxidation of Benzhydrazide with Periodate. — Benzhydrazide (131*5 mg.; 0*968 x 10“® mol.) treated 
with 6 c.c. of 0*235M-periodate used up 4*06 c.c., i.e,, 0-982 mols. per mol. The solid which separated, 
recrystallised from aqueous methanol, had m. p. 238^ — 239® alone or mixed with dibenzoylhydrazine, 
m. p. 239®. 
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Oxidation of the Acid Fraction from Hydrogenation. acid fraction (1*17 g.) from the above 
hydrogenation was dissolved in acetone (20 c.c.) and water (20 c.c.), and 2% potassium permanganate 
was added dropwise with stirring at room temperature. When 3 atoms of oxygen had been taken up 
the rate of oxidation slowed considerably ; in all 6 atoms of oxygen were added. The solution was 
filtered, acidified, and extracted with ether. On standing, cr 3 ^talline material separated from the ether, 
m. p. 167 — 169°, undepressed in admixture with authentic tricarballylic acid (m. p. 168 — 169°). The 
solution was evaporated, giving an oil which subsequently crystallised and then had m. p. 70 — 73°. 
Recrystallised from chloroform-carbon disulphide it had m. p. 78°. Sublimation in a vacuum (70°/ 10"* 
mm.) gave colourless prisms, m. p. 80 — 81-5° (Found : C, 50-2; H, 6*9. Calc, for 0^11804 ; C, 60*0; 
H, 6*6%). The m. p. was not depressed on admixture with authentic homoparaconic acid (m. p. 82— 
82*6° ; Polyakova, Preobrazhenskii, and Preobrazhenskii, J. Gen. Chem. Russia, 1939, 9 , 1402). 

Grants from the Agricultural Research Council in aid of this work are gratefully acknowledged. 
University Chemical Laboratory, Cambridge. [Received, December 1946.] 


254 . Synthesis of ta-Aminoalkyl Cyanides. 

By Alan A. Goldberg and William Kelly. 

A number of cu-arainoalkyl cyanides have been prepared by interaction of a>-bromoalkyl 
cyanides with potassium phthalimide followed by deacylation of the resulting £u-cyanoalkyl> 
phthalimides with hydrazine. The synthetic method would appear to be general for the 
production of any a>-aminoalkyl cyanide. 

The literature relating to aminoalkyl cyanides is not extensive. Aminomethyl cyanide 
(Klages, J. pr. Chem., 1902, 66 , 188; Anslow and King, 1929, 2463; Menge, /. Amer. 
Chem. Soc., 1934, 56 , 2197), 1-aminoethyl cyanide (Dubsky, Ber., 1916, 49 , 1048), 2-aminoethyl 
cyanide (Whitmore et al., J . Amer. Chem. Soc., 1944, 66 , 725), and 2-aminopropyl cyanide 
(Bruylants, Bull. Soc. chim. Belg., 1923, 32 , 256) have been prepared by special methods not of 
general application. In addition, co-aminoamyl cyanide has been prepared by the high pressure 
semihydrogenation of adiponitrile (U.S.PP. 2,208,598, 2,234,566). 

< 0 - Aminoalkyl cyanides were required for the synthesis of a group of new aminoalkyl sub- 
stituted heterocycles, and a convenient and general method was sought for their preparation. 
It has been found that w-cyanoalkylphthalimides, readily available from potassium phthalimide 
and <o-bromoalkyl cyanides or from wbromoalkylphthalimides and potassium cyanide, can be 
deacylated with hydrazine by the Ing and Manske reaction (/., 1926, 2348) with production of 
the aminoalkyl cyanide in substantial yield. It is of interest that the intermediate formed by 
the interaction of hydrazine and the phthalimidoalkyl cyanide yields phthalyl hydrazide and 
the aminoalkyl cyanide on acidification with hydrochloric acid without prolonged hydrolysis; 
this accords with the recent observations of Mosher (J. Amer. Chem. Soc., 1946, 68 , 1665) on 
the decomposition of similar compounds. Deacylation with constant-boiling hydrochloric 
acid or by the modified method of Gabriel (cf. Ber., 1911, 44 , 3632) with 5N-hydrochloric acid 
via the phthalamic acid is not possible owing to simultaneous hydrolysis of the cyano-group. 
Since various otto-alkylenediols are now available which are readily converted through the 
alkylene dibromides into the corresponding w-bromoalkyl cyanides, and an ao-alkylene dibromide, 
Br*[CH 2 ]n’Br, can be transformed into the co-bromoalkyl cyanide, Br'[CH 2 ]n + I’CN (cf. Will- 
statter and Ettlinger, Annalen, 1903, 326 , 99; Lcuchs, Ber., 1911, 44 , 1510; Cheney and 
Piening, J. Amer. Chem. Soc., 1945, 67 , 731; Breslow and Hansen, ibid., p. 686), the method 
appears to be general for the synthesis of w-aminoalkyl cyanides. 

In this manner 3-amino-w-propyl cyanide, 6-amino-n-amyl cyanide, and lO-amino-w-dec^d 
cyanide have been obtained. Contrary to the impression given by the literature the amino- 
alkyl cyanides are stable provided they are kept under anhydrous conditions. Protection of 
the amino-group by acylation allows the terminal cyano-group to undergo its functional 
reactions— ^.g., thioamide, imino-ether, and amidine transformation — and, often, subsequent 
formation of the 2-(acylamidoalkyl) heterocycle. The synthesis of a series of 2-((ii)-amino- 
alkyl)-thiazoles and -pyrimidines from these acylamidoalkyl cyanides is described in the following 
paper; the synthesis of a number of 2-(<o-aminoalkyl)-iminazoles and -iminazolines will be 
reported shortly. 

Experimental. 

Z-Phthalimido-n-propyl Cyanide. — A solution of potassium cyanide (76 g.) in water (160 c.c.) was 
added dropwise during IJ hours to a stirred refluxing solution of trimethylene dibromide (202 g.) in 
alcohol (300 c.c.). Stirring at the reflux was continued for a further 1 hour, water (750 c.c.) added, 
and the solution extracted with chloroform (3 x 150 c.c.). The combined extracts after drying and 
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distillation yielded recovered trimethylene dibromide (41 g,), b* p. 66®/i4 mm., 3-bromopropyl cyanide 
(45 g.), b. p. 90— d2®/13 mm., and tetramethylene dicyanide (17 g.), b. p. 138 — 140“/13 mm. (cf. Gabriel, 
B&r„ 1889^ 22, 3336). 

Potassium phthalimide (60 g.) was refluxed with a solution of 3-bromopropyl cyanide (44 g.) in 
absolute alcohol (200 c.c.) for 10 hours, alcohol {ca. 100 c.c.) distilled off, and the residual solution poured 
into water (1 1.). The oil which separated rapidly solidified (56 g. : m. p. 60®) ; it was collected and 
rcscrystallised from dilute methyl alcohol, Z^/Uhalimidopropyl cyanide being obtained in white plates, 
m. p. 65—66® (Found : N, 13-2. CuHioOjNt requires N, 13-1%). 

Z-Amino-n-propyl Cyanide. — Ilydrarine hydrate (50% w/w solution ; 25-6 g.) was added to a solution 
of the foregoing phthalimido-cyanide (40 g.) in alcohol (150 c.c.) at 50® and the resulting solution allowed 
to cool and kept at room temperature for 1 hour. Water (60 c.c.) was added, and the solution rendered 
just acid to Congo-red by concentrated hydrochloric acid, warmed to 60®, and kept for 2 hours. The 
insoluble phthalyl hydrazide was removed and the filtrate evai>orat€M.l at reduced pressure at <40® to 
small volume. The re.sidue was chilled, basified with IOn - sodium hydroxide (150 c.c.), extracted with 
ether (5 x 100 c.c.), the ethereal solution dried, and anhydrous alcoholic hydrogen chloride (10% 
w/w) added i/i order to precipitate the hydrochloride (10-5 g. ; m. p. 134 — 136®) ; recrystallisation from 
anhydrous alcohol gave *S-amino~n~propyl cyanide hydrochloride in white plates, m. p. 138 — 140® (Found ; 
N, 23 0; CJ, 29*8. C4HgNa,HCl requires N, 23*2; Cl, 29*5%). The hydrochloride (20 g.) was added 
to lON-sodium hydroxide (50 c.c.) and the whole thoroughly extracted with ether ; after drying over 
potassium carbonate the ethereal solution was distilled, 2~amino-i\-propyl cyanide being obtained as 
a colourless water soluble oil, b. p. 95 — 97®/20 mm. (Found : N, 33*8. C4H8N2 requires N, 33*4%). 

^-Benzamidopropyl Cyanide . — Benzoyl chloride (21 c.c.) was added drop wise during J hour to a 
rapidly stirred solution of sodium carbonate (25 g.) and 3-aminopropyl cyanide hydrochloride (20 g.) 
in water (200 c.c.) at 15®. Stirring at room temperature was continued for 2 hours, and the white 
insoluble ^-henzamidopropyl cyanide collected, washed with water and dried in a vacuum ; yield 25 g., 
m. p. 74 — 76°. For analysis a sample was recrystallised from aqueous methyl alcohol and obtained in 
colourless nacreous plates, m. p. 78 — 80® (Found: C, 700; H, 6*5; N, 15*1. CnHigONg requires 
C. 70*3; H, 6*4; N, 14*9%). 

li-Phthalimido-n-amyl Cyanide. — 5-Bromopentanecarboxylic acid was obtained by the action of 
hydrobromic-sulphuric acids on the lactone mixture obtained by the potassium persulphate oxidation 
of t^ohexanone (Brown and Partridge, J. Amer. Chem. Soc., 1944, 66, 839; Robinson and Smith, J., 
1937, 371). This was converted in 86% yield into the amide and the latter into 5-bromoamyl cyanide 
in 80% yield by the method of Breslow and Hansen { f. Amer. Chem. Soc., 1945, 67, 686). 

Potassium phthalimide (50 g.) was refluxed with a solution of 5-bromoamyl cyanide (45 g.) in 
anhydrous alcohol (150 c.c.) for 24 hours: Alcohol {ca. 125 c.c.) was distilled oti, water (125 c.c.) added, 
and the solution extracted with ether. Removal of tlie ether from the dried solution yielded 5-phthal- 
imidoamyl cyanide (52 g.) as an oil which could not be induced to crystallise (cf. Albert, Ber., 1909, 42, 
657). 

^-Amino-n-amyl Cyanide. — Hydrazine hydrate (50% w/w aqueous solution; 72 g.) was refluxed 
with a solution of 5-phthalimidoamyl cyanide (152 g.) in alcohol (300 c.c.) for 1 hour and the solution 
left overnight. The solid mass was dissolved in water (1000 c.c.), the solution rendered just acid to 
Congo-red by the addition of lON-hydrochloric acid (ca. 1 20 c.c.), and the precipitate of phthalyl hydrazide 
removed. The filtrate and washings were evai)orated to small volume under reduced pressure at <40®, 
and the chilled residue was basified with lON-sodium hydroxide and extracted with chloroform (3 X 100 
c.c.). The extract was dried {KiCO^) and distilled, b-aminoamyl cyanide (52 g.) being obtained as a 
colourless oil, b. p. 116 — 118®/14 mm. (Found : N, 24*8. CflHjaNa requires N, 26*0%). 

A solution of the foregoing base (11*1 g.) and sodium carbonate (7*5 g.) in water (100 c.c.) was stirred 
at 15® and benzoyl chloride (11*3 c.c.) added slowly. Stirring was continued for a further 2 hours, 
and the precipitated 5-benzamidoamyl cyanide collected, washed with cold water, and dried in a vacuum ; 
yield 18-6 g., m. p. 94 — 96®. A sample crystallised from benzene-ligroin in colourless acicular prisms, 
m. p. 98® (Found: C, 72*1; H, 7*4; N, 13 3. Calc, for : C, 72*2; H, 7*5; N, 13*0%). 

Von Braun and Steindorff (Ber., 1904, 87, 2916) prepared this compound from JV-benzoylpiperidine and 
record m. p. 95® (cf. Ainley and King, Proc. Boy. Soc., 1938, 186, B, 60). A solution of 5-aminoamyl 
cyanide (2*0 g.) and sodium carbonate (3*6 g.) in 60% acetone (50 c.c.) was stirred at 20® with/>-acetaimdo- 
bcnzenesulphonyl chloride (4*2 g.) for .1 hour. The ^-(ii-acetamidobenzenesulph<mamido)amyl cyanide 
(5*1 g. ; m. p. 112 ’) was filtered off and w^ashed with water; it separated from dilute methyl alcohol in 
colourless plates, rn. p. 114® (Found: N, 13*8; S, 10*5. C14H19O3N3S requires N, 13*6; S, 10*4%). 

Ib-Bromodecyl Cyanide . — A mixture of 10-bromodecauecar boxy lie acid (102 g. ; Ashton and Smith, 
J., 1934, 438) and thionyl chloride (160 c.c.) was kept at room temperature for hours and then 
refluxed for a further i hour. The excess of thionyl chloride was distilled off at reduced pressure and 
the residual oil added slowly to rapidly stirred aqueous ammonia (d 0*88; 1000 c.c.) at 10®. Stirring 
was continued for a further 2 hours and the pale brown precipitate of lO-bromodecanecarboxylamide 
(98 g. ; m. p. 84 — 86®) collected, washcKl with water, and dried in a vacuum. A sample crystallised 
from benzene in cream plates, m. p. 90® (Found : N, 6*6 ; Br, 29*8. Calc, for CiiH^ONBr: N, 6*3; 
Br, 30*3%). In one preparation the crude acid chloride was distilled and obtain^ as a colourless oil, 
b. p. 176^178®/! mm., but distillation was normally found to be unnecessary. 

The foregoing amide (98 g.) was refluxed with thionyl chloride (100 c.c.) for 76 minutes. After 
removal of the excess thionyl chloride the residue was distilled and yielded lO-bromodecyl cyanide (86 g.) 
as a pale golden oil, b. p. 168 — 164®/4 mm. (cf. Trunel, Compt. rend., 1933, *197, 463) (Found in 
redistilled sample : N, 6*5; Br, 31*9. CuH^uNBr requires N, 6*7; Br, 32*4%). 

lO-Phthalimidodecyl Cyanide. — 10-Bromodecyl cyanide (84 g.) and potassium phthalimide (66 g.) 
were refluxed with alcohol (200 c.c.) for 24 hours. Alcohol (160 c.c.) was distilled off, and the residue, 
after the addition of water (600 c.c.), extracted with chloroform (2 x 160 c.c.). The extract was dried 
(KaCOg) and the chloroform removed to leave 10-phthalimidodecyl cyanide (97 g.) as a brown oil which 
failed to crystallise. 
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\(^-Amino-n-decyl Cyanide ^ — A solution of the foregoing phthalimidocyanide (76 g.) in methyl 
alcohol (200 c.c.) was refluxed for 1 hour with 60% w/w hydrazine hydrate (30 g.) and then kept at 
20® overnight. Water (1000 c.c.) was added followed by lON-hydrochloric acid until an acid reaction 
to Congo-red was obtained, the precipitate removed, and the filtrate evaporated to small volume at 
reduced pressure at <40°, the residue strongly basified with cold lON-sodium hydroxide and extracted 
with chloroform. After drying over potassium carbonate, the chloroform solution yielded lO-amino- 
decyl cyanide as an amber water-soluble oil (29 g.), b. p. 138 — 142°/2 mm. ; on redistillation it was 
obtained as a colourless oil, b. p. 136 — 138°/2 mm. (Found : N, 16*0. CnHgaNj requires N, 15*4%). 

Benzoyl chloride (7-8 g.) was added dropwise to a stirred mixture of the foregoing amino-cyanide 
(10*0 g.), sodium carbonate (10 g.), and water (100 c.c.) at 16°. Stirring was continued for 1 hour, and 
the precipitated \Q-benzamidodecyl cyanide collected, washed with water and dried in a vacuum (15*4 
g. ; m. p. 64°) ; it crystallised from benzene-ligroin in colourless needles, m. p. 64° (Found : C, 76*4; 
H, 9*1 ; N, 10 0. CisHaeONa requires C, 76*5; H, 9-1 ; N, 9-8%). 

Interaction of the aminocyanide with^-acetamidobenzenesulphonyl chloride in the presence of sodium 
carbonate in aqueous acetone in the same manner as described above yielded \^-(p-acetamidobenzene~ 
sulphonamido) decyl cyanide, which separated from aqueous methyl alcohol in colourless needles, m. p. 
94° (Found ; N, ll-3; S, 8*2. CjaHagOaNjS requires N, 11*1 ; 8,8-4%). 

Aminomethyl Cyanide Hydrochloride . — Calcium carbonate (50 g.) was added portionwise to a rapidly 
stirred solution of aminomethyl cyanide sulphate (50 g. ; Org. Synth., Coll. Vol. I, 298) in water (200 
c.c.). The excess of calcium carbonate and calcium sulphate were filtered ofi, and the solution acidified 
to Congo-red with hydrochloric acid and evaporated to dryness at reduced pressure at <40°. The 
residue was washed with a small amount of cold alcohol and recrystallised from methyl alcohol-diethyl 
ether, aminomethyl cyanide hydrochloride being obtained in colourless plates, m. p. 144 — 146°, which 
slowly turned purple in contact with the air (Found : N, 30-5; Cl, 37-9. Calc, for C2H4N2,HC1 : N, 
30*3 ; Cl, 38*4%) (Menge, loc. cit., gives m. p. 165° darkening at 136°). 

Benzamidomethyl Cyanide . — Benzoyl chloride (50 g.) was added dropwise to a rapidly stirred solution 
of aminomethyl cyanide sulphate (50 g.) and sodium carbonate (70 g.) in water (150 c.c.), tlie tem- 
perature not being allowed to exceed 15°. Stirring was continued at room temperature for 8 hours, 
and the white insoluble benzamidomethyl cyanide collected, w*ashed with water, and dried; yield 44 g., 
m. p. 136 — 138". A sample crystallised from methyl alcohol in colourless rectangular plates, m. p. 
142—144° (Found : N, 17-7. C^HgONa requires N, 17-6%). 

’^-Acciamidobenzenesxdphonamidomethyl Cyanide (cf. Cocker, 1940, 1574). — Sodium carbonate 
(20 g.) was added to a cold rapidly stirred solution of aminomethyl cyanide sulphate (10-4 g.) in water 
(50 c.c.) ; acetone (80 c.c.) was added followed by finely divided ^-acetamidobenzenesulphonyl chloride 
(20 g.), and the mixture stirred at room temperature for 3 hours. After the addition of water (50 c.c.) 
the insoluble ^-acetamidobcnzenesulphonamidomethyl cyanide (17 g. ; m. p. 190 — 192°) was collected, 
washed with water, and dried ; a sample separated from ethyl alcohol in colourless leaves, m. p. 192° 
(Found ; N, 16-8; S, 12-8. Calc, for CioHiiOgNaS : N, 16-6; S, 12-7%). 

\-Aminoethyl Cyanide (cf, Dubsky, loc. cit .). — A solution of potassium cyanide (80 g.) in water 
(200 c.c.) was added slowiy to a stirred mixture of ammonium chloride (72 g,), ether (600 c.c.), and 
acetaldehyde (32 g.) at 10°. Stirring was continued for 12 hours at 15°, the ether layer separated, and 
the aqueous layer extracted with ether (2 X 100 c.c.). The combined other solutions were completely 
dried over ignited potassium carbonate, the ether removed, and the residual oil distilled, 1-arainoethyl 
cyanide (26 g.) being obtained as a colourless oil, b. p. 63-“55°/14 mrn. A sample which had been kept 
for 6 months at 20° under anhydrous conditions redistilled at the same b. p. leaving no residut; ; a sample 
kept in the presence of moisture became full of crystalline solid after several weeks. The hydrochloride 
was obtained in colourless needles, m. p. 144 — 146°, by the addition of absolute ethereal hydrogen 
chloride to a solution of the base in absolute alcohol (Found ; N, 26-7 ; Cl, 33-3. C 3 HgN 2 ,HCl requires 
N, 26-3; Cl, 33-3%). 

1- Benzamidoetnyl Cyanide . — Benzoyl chloride (19 g.) was added dropwise to a stirred solution of 
1-aminoethyl cyanide (8-6 g.) and sodium carbonate (10 g.) in water (20 c.c.) maintained at 15° by ex- 
ternal cooling. Stirring was continued for 10 hours, and the precipitate of l-benzamidoethyl cyanide 
(16-0 g. ; m. p. 102 — 104°) collected, washed with cold water and dried in a vacuum ; a sample separated 
from benzene in colourless needles, m. p. 108° (Found : C, 68-9; H, 5*8; N, 16-4. CjoHioONa requires 
C, 69 0; H, 6-8; N, 16-1%). 

2- Bcnzamidoethyl Cyanide. — 2-Aminoethyl cyanide was obtained by the method of Whitmore et 
al. (loc. cit.). The best yields were obtained by standing the mixture of vinyl cyanide and ammonia 
at ca. 30° for 48 hours in a glass pressure bottle ; 1 20 g. of freshly distilled vinyl cyanide yielded 40 g. 
of 2-aminoethyl cyanide, b. p. 80 — 85°/17 mm., and 80 g. of bis-compound, b. j). 200 — 220°/12 ram. 
It was found essential to use a 10-inch Vigreux column for removal of the aqueous ammonia since the 
aminocyanide is slightly volatile in water vapour. 

Benzoyl chloride (80 c.c.) and 6N-sodium hydroxide (180 c.c.) were added simultaneously to a rapidly 
stirred solution of the foregoing amino-cyanide (40 g.) in water (120 c.c.) in such a manner that the 
mixture was maintained throughout at 10 — 12° and at pH 8-5 — 10-0. After the addition (45 minutt^s) 
the mixture was stirred at room temperature for a further 2 hours, and the 2-benzamidoethyl cyanide 
filtered off, washed with dilute sodium carbonate and water, and dried in a vacuum at 20 — 30°. Yield, 
92 g, of a white powder, m. p. 94 — 96°, which was pure enough for further use ; a sample crystallised 
from 10% alcohol in colourless needles, m. p. 96 — 98° (Found : N, 16*3. Calc, for CioMioONg ; N, 
16-104). 

The authors thank Mr. N. Virgo for some of the analyses. 

Research Laboratories, Messrs. Ward, Blenkinsop & Co. Ltd., 

Bradford-on-Avon. [Received, October 21st, 1946.] 
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255. Synthesis of the 2-io-Aminoalkyl and 2‘Oi-8tdphanilamidoalkyl 

Derimtives of Thiazole and Pyrimidine. 

By Alan A. Goldberg and William Kelly. 

4 : 6-Dimethyl-2-aminomethylpyriraidine and a series of 4-raethyl-2-a>-aminoalkylthiazoles 
have been synthesised from the acylamidoalkyl cyanides described in the previous 
communication. From these new bases homologues of 2-sulphanilamido-4-methylthiazole and 
2-sulphanilamido-4 : 6-dimethylpyrimidine have been prepared for examination as bacterial 
inhibitors. 

Homologues of sulphanilamide containing the homologising methylene chain between the 
amino-group and the benzene ring and between the latter and the sulphonamide residue have 
previously been reported (Miller, Sprague, Kissinger, and McBumey, J, Amer, Chem, Soc,, 
1940, 62, 2099; G.P. 726382; Klarer, Die Chemie, 1943, 56, 10; Bergeim and Braker, /. Amer. 
Chem. Soc., 1944, 66, 1469). In addition, similar homologues of 2-sulphanilamidothiazole 
(sulphathiazole) and 2-sulphanilamido-4 : G-dimethylpyximidine (sulphadimethylpyrimidine) 
have been prepared (Bergeim and Braker, loc. ciU) and shown to possess activities of a rather 
lower order against experimental Cl. perfringens infections than a-aminotoluene-^-sulphonamide 
(marfanil) (Hamre et alii, Proc. Soc. Exp. Biol. Med., 1944, 55, 170; compare also Maclennan, 
Lancet, 1943, 265, 123; Schreus and Peltzer, Klin. Wochenschr., 1941, 20, 1233, 1260; Schreus, 
ibid., 1942, 21, 14; Domagk, ibid., p. 448; Klose and Schrober, Zentr. Bakt., 1942, 149, 16). It 
was accordingly of interest to synthesise a series of homologues of sulphathiazole and sulpha- 
dimethylpyrimidine in which the homologising chain occupies a position between the 
sulphonamido-residue and the heterocycle for examination as bacterial inhibitors. 

Two methods were employed which would appear to be of general application for the 
preparation of this type of homosulphathiazole. Conversion of the co-benzamidoalkyl or 
co-phthalimidoalkyl cyanide into the corresponding thioamide, formation of the thiazole ring by 
condensation with an a-halogeno-aldehyde or -ketone, and hydrolysis of the product readily 
yielded the 2- (<a-aminoalkyl) thiazole; this was converted by the normal route into the 
2- (ci)-sulphanilamidoalkyl) thiazole. Alternatively, the co-acetylsulphanilamidoalkyl cyanide 
was transformed into the thioamide, the latter treated with the a-halogeno-aldehyde or -ketone, 
and the resulting 2- (<o-acetylsulphanilamidoalkyl) thiazole deacetylated with aqueous alkali. 
The overall yields of the 2-aminoalkylthiazoles and 2-(c»>-sulphanilamidoalkyl)thiazoles were of 
a high order with the lower members and also mth the highest member of the series. With 
6-acylamidoamyl cyanide, however, the normal procedure of hydrogen sulphide addition in the 
presence of ammonium sulphide gave the corresponding thioamide in yields of the order of only 
25%; use of ethanolamine (Yuoh-Fong Chi, J. Amer. Chem. Soc., 1942, 64, 90) and alkali 
ethoxide as catalysts (Erlenmeyer, Helv. Chim. Acta, 1944, 27, 412) failed to effect improvement. 
The a-halogeno-ketones employed were chloroacetone, ethyl a-chloroacetoacetate, ethyl 
y-bromoacetoacetate, and ethyl bromopyruvate. It is of interest that a sample of ethyl 
a-chloroacetoacetate obtained by the action of sulphuryl chloride on ethyl acetoacetate after 
standing in diffused daylight in a closed bottle for 12 months gave the same high yield of ethyl 
4-methyl-2-benzamidomethylthiazole-6-carboxylate on condensation with benzamidothio- 
acetamide as did the freshly prepared compound, whereas Epprecht (Annalen, 1894, 278, 79) 
states that ethyl a-bromoacetoacetate is not stable and on standing for several weeks isomerises 
in part to the y-bromo-compound. 

The 4-methyl-2-aminoalkylthia2oles are stable, distillable oils, very soluble in dilute acid ; 
the 4-methyl-2-sulphanilamidoalkylthiazoles are well-crystallised compounds with much lower 
melting points than sulphathiazole and with considerably more solubility than the latter in water 
and dilute organic acids. The displacement of the thiazole ring from its adjacence to the sulphon- 
amido-residue allows the basic function of the heterocycle, masked in 2-acetylsulphanilamido- 
thiazole, to reappear ; for example, the 2-acetylsulphanilamidoalkylthiazoles are easily soluble 
in cold aqueous mineral acid, whereas 2-acetylsulphanilamidothiazole is completely insoluble. 

Less success was obtained in the case of the attempted preparation of a range of homo- 
sulphamethazines. Both benzamidomethyl cyanide and acetylsulphanilamidomethyl cyanide 
readily yielded the corresponding imino-ethers and araidines and these condensed with 
acetylacetone to give 4 : ^-dimethyU2-benzamidomethyU and ’■^-acetylsuiphanilamidomethyU 
pyrimidine ; hydrolysis of the former with acid and the latter with dilute alkali gave respectively 
4 : %-dimethyU2-aminomethylpyrimidine and 4 : ^-dimethyl-2-sulphanilamidomethylpyrimidine. 
Benzamidoacetamidine reacts readily with ethyl cyanoacetate but failed to give the expected 
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pyrimidine derivative; elimination of ammonia from the amidine residue and the reactive 
methylene group of the ester occurred with formation of ethyl (\^amino-2-benzamidoethylideney 
cyanoacetate in good yield. With malononitrile, benzamidoacetamidine reacted in the same 
manner with production of l-amino-2-henzamidoethylidenemalononitrile\ compare the similar 
condensation of ethyl cyanoacetate with formamidine and with benzamidine in the absence of 
alkali (Kenner et alii, J,, 1943, 388). The higher homologues of benzamidoacetamidine could not 
be induced to condense with acetylacetone under any of the varied reaction conditions employed. 

Antibacterial Activities, — Infections of medium and low density with Streptococcus hcemolyticus 
(Aronson) were induced in mice by intraperitoneal inoculation of 0*6 c.c. of a 1 : 2000 dilution 
of a 24-hours old broth subculture of organisms of different virulence; the M.L.D. of the 
standard organism was 0*5 c.c. of a 1 : 32,000 dilution of the 24-hour old subculture, while the 
other organism used had been attenuated until the M.L.D. of the 24-hour old subculture was 
0*5 c.c. of a 1 : 8000 dilution. Oral administration of daily divided doses of 200 — 300 mg. /kg. 
of the 4-methyl-2-sulphanilamidoalkylthiazoles, Nos. 1423, 1424, 1432, 1433, 1323, and of the 
sulphanilamidomethyl-4 : 6-dimethylpyrimidine, No. 1427, failed to give complete protection 
to the mice; in the controls daily administration of 100 mg. /kg. of sulphathiazole or 
sulphadiazine or 1 60 mg. /kg. of sulphanilamide effected complete protection . All the compounds 
showed a small but nevertheless definite activity in daily doses of 400 mg. /kg. 

The activity of these homosulphonamides against Cl. perfringens infections in mice will be 
reported elsewhere. 

Experimental. 

(The acylamidoalkyl cyanides used are described in the previous paper.) 

Benzamidothioacetamide . — Ammonia was passed into methyl alcohol (200 c.c.) until the increase in 
weight was 20 g., followed by hydrogen sulphide until 40 g. had been absorbed. Benzamidomcthyl 
cyanide (50 g.) was added, and the resulting solution kept in a closed vessel at room temperature for 
36 — 48 hours with occasional shaking. After the addition of water (500 c.c.) and standing for 12 hours, 
benzamidothioacetamide (40 g. ; m. p. 152 — 154") separated in small crystals. For analysis a sample was 
recrystallised from aqueous methyl alcohol and obtained in stout colourless prisms, m. p. 154" (Found : 
N, 14-7; S, 16-6. C^HioONaS requires N. 14-4: S, 16-5%). 

^-Methyl-2-heyizamidomethylthiazole. — A solution of the foregoing thioamide (31 g.) in methyl alcohol 
(300 c.c.) and pyridine (25 c.c.) was refluxed with chloroacetone (23 c.c.) for 2 hours. The methyl alcohol 
was distilled off, water (200 c.c.) added, and the precipitated ^-methyWl-henzamidomethylthiazole collected 
(35 g. ; m. p. 108"). A sample separated from aqueous methyl alcohol in pale cream needles, m. p. 
114—116" (Found : N, 12-3; S, 13-5. CigHj-PNgS requires K, 121 ; S, 13-8%). 

4t-Methyl-2~aminomcthylthiazole. — A solution of 4-methyl-2-bcnzamidomethylthiazole (35 g.) in 
5N-hydrocjfiloric acid (225' c.c.) was refluxed for 3 hours, cooled, the preci})itate of benzoic acid removed, 
and the filtrate evaporated to small volume at reduced pressure. The residue was strongly basified with 
lON-sodium hydroxide and extracted with ether (3 X 100 c.c.) ; aft<T drying over potassium carbonate 
and distillation, the ethereal extract yielded ^-meihyl-2~aminomeihylthiazolc (13*5 g.) as a colourless oil, 
b. p. 82 — 84"/5 mm. (Found : N, 22T ; S, 24-7. CgHgNgS requires N, 21*8 ; S, 25*0%). 

4i-Methyl~2~sulphanilamidomethylthiazole (No. 1423). — 4-Methyl-2*aminomethylthiazoIe (2*5 g.) was 
heated on the water-bath for J hour with a solution of acetylsulphanilyl chloride (4*7 g.) in anhydrous 
pyridine (10 c.c.). The mixture was cooled, diluted with water, and the precipitated ^-methyl-2-acetyl- 
sulphanilamidomethvlthiazole (4*9 g.) collected; this crystallised from aqueous alcohol in cream leaves, 
m. p. 176" (Found: N, 13*1; S, 19*3. C 13 H 16 O 3 N 3 S 2 requires N, 12-9; S, 19*7%). 

The foregoing acetamido-compound (4*0 g.) was heated w ith 2*5N-sodium hydroxide (32 c.c.) at 100" 
for I hour, the solution diluted with water, partly neutralised with acetic acid, the filtered solution 
(charcoal) acidified with acetic acid, and the precipitate collected. Rccrystallisation from aqueous 
alcohol yielded 4i-methvl-2-sulphanilamidomethylthiazole (3*1 g.) in colourless plates, m. p. 124™-! 26" 
(Found: N, 14*6; S, 23*0. CnH^OaNaSa requires N, 14*8 ; S, 22*6%). 

^-Methyl-2-aminomethylthiazole-^-carhoxylic Acid. — A solution of /3-benzamidothioacetamide (19*4 g.) 
in anhydrous methyl alcohol (225 c.c.) and anhydrous pyridine (12 c.c.) was refluxed with ethyl 
a-chloroacetoacetate (18 c.c.; Dey, /., 1916, 107 , 1646) for 5 hours. The solvent was distilled off to 
incipient crystallisation, and the solution (70 c.c.) chilled, ethyl 4:-methyl-'2-benzamidomethylthiazole-5- 
carboxylate (25 g. ; m. p. 140°) separating in long colourless needles ; by evaporation of the filtrate a 
further crop (1*6 g.) was obtained (Found, in recrystallised material, m. p. 140^—142° : N, 8*9; S, 10*4. 
CisHieOaNgS requires N, 9*2; S, 10*6%). 

A solution of the foregoing benzamido-compound (6*1 g.) in methyl alcohol (60 c.c.) was refluxed with 
5N-sodium hydroxide (10 c.c.) for 1 hour. After standing overnight at 20° the alcohol was distilled away 
at reduced pressure, the residue dissolved in water (70 c.c.), filtered (charcoal), and the solution adjusted 
to pH 4 with hydrochloric acid ; ^methyl-2-benzamidomethylthiazole-6-carboxylic acid (5*0 g.) separated 
as a microcrystalline precipitate. The acid crystallised from 60% alcohol in glittering white tablets, 
m. p. 262—254° (decomp.) (Found ; N, 10*3; S, 117. CiaHjgOgNjS requires N, 10 * 2 ; S, 11*6%). 

A solution of crude ethyl 4-methyl-2-benzamidomethylthiazole-6-carboxylate (15 g.) in methyl 
alcohol (200 c.c.) was refluxed with lON-hydrochloric acid (100 c.c.) for 14 hours. The solution was 
distilled in a current of steam to remove alcohol and benzoic acid and, after the addition of more hydro- 
chloric acid, evaporated to very small volume ; on cooling, 4-methyl-2-aminomethylthiazole-5-carboxylic 
acid hydrochloride separated in small prisms (6 g.), m. p. 248—260° (decomp.) (Found, in material dried at, 
1 20°/ 1 mm. over phosphoric oxide : N, 13*7; Cl, 16*8. C 3 H 808 N 2 S,HC 1 requires N, 13*6; 01,16*9%). 



1374 Goldberg and Kelly : Synthesis of the ^-w-Aminoalkyl 

The foregoing hydrochloride (5 g*) was dissolved in water (12 c.c.) and the solution adjusted to pH 
3-6 — 4*0 by addition of SN-sodium hydroxide (ca. 6 c.c.)* When the resulting solution was kept on ice, 
^-methyU2-aminofneihyUhiazole-^-carboxylic acid (2*8 g.) separated in white plates ; these crystallised from 
60% alcohol in stellate clusters of colourless feathers, m. p. 282 — 284° (Found: N, 16*4; S, 18*6. 
CjHaOjNjS r<^uires N, 16-3; S, 18*6%). 

^BenzamidomcthyU^-thiazolylacetic Acid, — A solution of benzamidomethylthioacetamide (9-7 g.) in 
anhydrous methyl alcohol (150 c.c.) and anhydrous pyridine (6 c.c.) was refluxed with ethyl y-bromo- 
acetoacetate {8’5 c.c. ; Epprecht, loc, cit.) for 4i hours. The solvent was distilled away at reduced 
pressure, the residual oil dissolved in warm l* 6 N-hydrochloric acid (200 c.c.), and the solution Altered 
(charcoal) and adjusted to pH 7 with dilute sodium hydroxide ; ethyl 2~henzamidomethyl-4t-thiazolvlacetate 
(12*5 g.) separated, which crystallised from benzene-ligroin in glittering plates, m. p, 86 — 88 ° (Found : 
N, 9-6; S, 10-9. CigHjeOgNaS requires N, 9-7; S, 11*0%). 

A solution of the foregoing crude benzamido-compound (6 g.) in methyl alcohol (60 c.c,) and 
6 N-sodium hydroxide (10 c.c.) was refluxed for 1 hour. The solvent was removed at reduced pressure, 
the residue dissolved in a small volume of water, and the filtered solution adjusted to pH 4 with 
hydrochloric acid ; 2,-henzamidomethyl-4c-thiazolylaceiic acid (3 g.) separated in colourless plates, which 
crystallised from dilute alcohol in glittering plates, m. p. 184 — 186° (Found: N, 10*3; S, 11*6. 
CisHijjOaNgS requires N. 10*2; S, 11-6%). 

2-BenzamidomethyUhiazole-4:-carboxyHc Acid, — A solution of freshly prepared and redistilled pyruvic 
acid (75 g. ; 60 c.c.) and toluenesulphonic acid (6 g.) in ethyl alcohol (1250 c.c.) and benzene (300 c.c.) 
was refluxed under a 12 "' Widmer column with a 10 : 1 reflux ratio and solvent removed at the rate of 
100 c.c.yhour. After 5 hours a further quantity of benzene (300 c.c.) was added and the distillation 
continued for another 4 hours, solvent being removed at the rate of 240 — 250 c.c. /hour. After standing 
overnight the residual oil was distilled through a 6 '' Vigreux column, the solvent being removed first at 
760 mm. up to 80° to avoid loss of ester; redistillation of the fraction, b. p. 50 — 66°/20 mm. (75 g.), 
yielded 68 g. of ethyl pyruvate as a colourless oil, b. p. 54 — 60°/20 mm. A solution of dry bromine 
(25 c.c.) in dry carbon tetrachloride (26 c.c.) was added dropwise during J hr. to a refluxing solution of 
ethyl pyruvate (58 g.) in carbon tetrachloride (100 c.c.). After standing for 3 hours, the oil was distilled 
and yielded a fraction (82 g.), b. p. 96 — 100°/10 rhm., which on redistillation gave ethyl broraopyruvate 
(70 g.), b. p. 90 — 94‘78 mm. 

A solution of benzamidothioacetamide (9-7 g.) in dioxar (110 c.c.) and benzene (40 c.c.) was heated on 
the water-bath with ethyl bromopyruvate (8 c.c.) for 2 hours. The solvent was rapidly distilled away 
at reduced jnessure, the residual oil dissolved in J*7N-hydrochloric acid (300 c.c.), and the solution 
filtered (charcoal), adjusted at 20° with stirring to pH 7-6 by addition of 6 N-sodium hydroxide, and the 
precipitate of ethyl 2-bcnzamidomethylthiazole-4-carboxylate (5*0 g. ; m. p. 76 — 80°) collected. Adjustment 
of the filtrate to pH 2*8 — 3*0 with hydrochloric acid effecte<l precipitation of 2-benzamidofnethylfhiazole-4:- 
carboxylic acid (5*8 g. ; m. p. 176—180°). The ester crystallised from benzene-ligroin in colourless 
plates, m. p. 82 — 84° (Found : N, 9*7; S, 10*9. CJ 4 H 14 O 3 N 8 S requires N, 9-7; S, 11-0%): the acid 
separated from dilute alcohol in glittering colourless leaves, m. p. 180 — 182° (Found : N, 10-4; S, 11-9. 
C 12 H 10 O 3 N 2 S requires N, 10*7; S, 12*2%). Interaction of the thioamide and ethyl bromopyruvate in 
alcoholic solution in the presence of pyridine yielded a dark gum. 

BenzamidoaccUimidine Hydrochloride. — A mixture of benzamidomethyl cyanide (40 g.), anhydrous 
chloroform (300 c.c.), and anhydrous ethyl alcohol (59 c.c.) was saturated at 5° with dry hydrogen 
chloride ; the cyanide dissolved as the hydrogen chloride was passed in and then set to a crystalline mass 
which redissclved as the solution became saturated. After standing at 4° for 16 — 20 hours, the 
chloroform was pumped off at room temperature, and the crystalline residue (53 g. ; m. p. 144 — 146°) of 
benzamidoacetiminoether hydrochloride, containing ammonium chloride as impurity, was washed with a 
little dry chloroform and dried in a vacuum (Found: N, 12*2; Cl, 16*8. CjjHnOgNg.HCl requires 
N, 11*5; Cl, 14*6%). This was added to alcohol (300 c.c.; lime-dried), which had been previously 
saturated with dry ammonia at 6 °, and the mixture swirled at room temperature until solution was 
obtained and then allowed to stand in a closed vessel at ca. 4° for 24 hours. After addition of absolute 
ether (200 c.c.), the crystalline precipitate of benzamidoaceiamidine hydrochloride (44 g.), m. p. 184 — 186°, 
was collected and dried in a vacuum over sulphuric acid ; from alcohol-ether a sample separated in 
colourless nacreous plates, m. p. 187° (Found: N, 20*1; Cl, 17*1. CgHiiON 3 ,HCl requires N, 19*7; 
Cl, 16*6%). The free amidine, m. p. 132 — 134°, precipitated by the addition of 5N-sodium hydroxide to 
a cold 20 % aqueous solution of the hydrochloride, was unstable and rapidly became converted into 
benzamidoacctamide, wdiich crystallised from boiling water in large colourless prisms, m. p. 186° (Found : 
C, 60*8; H, 5*8; N, 16*1. Calc, for C^HipOaN, : C, 60*6 . H, 5*7; N, 15*7%). 

4 : %-Dimethyl-2-benzamidomethyipyrimidine, — ^A solution of benzamidoacetamidine hydrochloride 
(30 g.) in alcohol (150 c.c.) was refluxed with anhydrous potassium carbonate (20 g.) and acetylacetone 
(18 g.) for 4 hours. The alcohol was distilled off, water added to the residue, and the precipitated oil, 
which slowly solidified to a dark gum, lixiviated with warm dilute hydrochloric acid and, after chilling, 
the insoluble benzamidoacctamide removed. Basification of the filtrate with 6 N-sodium hydroxide 
precipitated 4 : ^-dimethyl-2-henzamidomethylpyrimidine (8*7 g. ; m. p. 192 — 194°), which crystallised 
from aqueous methyl alcohol (charcoal) in slender colourless needles, m. p. 200° (Found : C, 69*6 ; 
H, 6*3; N, 17*8. Ci 4 Hi 50 N 3 requires C, 69*7; H, 6*3; N, 17*4%). Many modifications of the above 
procedure failed to increase the yield. 

4 : d-Dimeihyl-2-aminomethylpyrimidine. — A solution of crude 4 : 6-dimethyl-2-benzamidopyTimidine 
(36*5 g.) in 6N-hydrochloric acid (225 c.c.) was refluxed for 4 hours, cooled, the precipitate of benzoic 
acid removed, and the filtrate evaporated to dryness under reduced pressure. The residual hydrochloride 
was dissolved in warm water (200 c.c.), filtered (charcoal), evaporated under reduced pressure to small 
volume (100 c.c.) , chilled, and strongly basified with 6N-sodium hydroxide. After standing, the precipitate 
was collected (22 g. ; m. p. 152 — 166°), drained, boiled with water (260 c.c.), the unchanged benzamido- 
compound (4*0 g.) removed, and the filtered solution allowed to cool ; 4 : ^^imethyl-2-aminomethyU 
pyrimidine (17 g.) separated in colourless, hydrated, felted needles which on drying at 100° yielded an 
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anhydrous white powder, m. p. 168° (Found : C, 61-4; H, 81; N. 30-9. C^HuNa requires C, 61-3; 
H, 8*1; N, 30*6%). The monohydrochloride separated from methyl alcohol-ether in slender white 
needles, m. p. 244—246° (Found : N. 24-3. C^HjiNg.HCl requires N, 24-2%). 

Acetylsuiphanilamidoacetamidine Hydrochloride, — A mixture of acetylsulphanilamidomethyl cyanide 
(14*6 g.), dry chloroform (100 c.c.), and absolute ethyl alcohol (13‘7 c.c.) was saturated with dry hydrogen 
chloride at 6 ° and then kept at ca. 4° for 7 days with occasional shaking. The solvents were pumped oft 
at room temperature, the residue mixed with anhydrous alcohol (100 c.c.) which had previously been 
saturated with dry ammonia, and the solution, which rapidly crystallised, allowed to stand at room 
temperature for 16 hours. The solvent was pumped off, and the crystalline residue (16 g. ; ni. p. 160“) 
of acetylsulphanilamidoaceiamidine hydrochloride washed with ether. For analysis a sample was 
recrystalhsed from alcohol--ether and obtained in white needles, m. p. 164 — 166° (Found: W, 19*0; 
Cl, 12‘0. CioHi 408 N 4 S,HCI requires N, 18*5; Cl, 11*8%). The free amidinc was precipitated from the 
concentrated aqueous solution of the hydrochloride by 5N-sodium hydroxide but rapidly decomposed to 
acetylsulphanilamidoacetamide, which crystallised from boiling water in colourless rectangular prisms, 
m. p. 218— 220° (Found : C, 44-1; H. 5-0; N, 16-0. C 10 H 13 O 4 N 3 S requires C, 44-2; H. 4*8 ; N, 15-9%), 

4 : ^-Dimethyl-2-sulphanilamidomethylpyrimidine (No. 1427). — Acetylsulphanilamidoacetamidine 
hydrochloride (10 g.), acetylacetone (6-0 c.c.), pyridine (14 c.c.), and water (6 c.c.) were heated together 
at 100° for 4 hours. Water (20 c.c.) was added, and the precipitate (4*8 g. ; m. p. 256°) colJected and 
recrystallised from aqueous alcohol, 4 : ^-dimethyl-2-acetylsulphanilamidomcihylpyriniidine being obtained 
in slender cream needles, m. p. 260 — 262° (Found : C, 63*7; H, 5*3; N, 17-2. Ct.HiaOgN^S requires 
C. 53-9; H, 5-4; N, 16-9%). 

The foregoing acetamido-compound (7*8 g.) was dissolved in 2-5N-sodium hydroxide (62 c.c.), and the 
solution heated on the water-bath for 1 hour, cooled, partly neutralised with dilute hydrochloric acid, 
and filtered (charcoal). Adjustment of the filtrate to pH 7 0 effected separation of 4 : i&-dimethyl~2- 
sulphanilamidomethylpyrimidine ( 6*6 g.) in microscopic needles, m. p. 230 — 232°, which after a further 
crystallisation from aqueous alcohol had m. p. 232 — 234° (Found : N, 19-4; S, ITO. ^isll 10 ^ 2 ^ 4 ^ 
requires N. 19-2; S. 10-6%). 

The compound was also obtained by the following route. Acctylsulphanilyl chloride (3 g.) w'as 
added to a solution of 4 : 6-dimethyl-2-aniinomethylpyrimidine (2 g.) and sodium hydrogen carbonate 
(2 g.) in 60% acetone (50 c.c.). After being warmed on the water-bath for a short time, the mixture was 
diluted with water, and the precipitate collected. Crystallisation from aqueous alcohol yielded 
4 : 6-dimethyl-2-acetylsulphanilamidomethylpyrimidine in cream needles, m. p. 261 — 262°, alone and 
in admixture with a sample prepared as above described. 

Condensation of Benzamidoaceiamidine with Malononitrile : \-Amino-2-benzamidoethylideneinalono- 
nitrile. — A solution of benzaraidoacetamidine hydrochloride (2T3 g.) in anhydrous alcohol (160 c.c.) was 
converted into the free amidine base by addition of a solution of sodium (2*3 g.) in alcohol (60 c.c.). 
Malononitrile (7*5 c.c.) was added, and the solution allowed to stand at 40 — 46° ; the mixture rapidly 
turned orange and in 2 hours developed an ammoniacal odour and began depositing crystals. After 
48 hours at this temperature the mixture was chilled, and the crystalline, almost colourless precipitate 
of X-amino-^-henzamidoethylidenemalononitrile (26*6 g. ; m. p. 206°) collected. A sample crystallised 
from dilute alcohol in colourless, glistening leaves, m. p. 220 — 222 ° (clccomp.) with softening at 210 ° 
(Found, in material dried at 80°/2 mm. over phosphoric oxide: C, 63-6; H, 4*6; N, 24*9, 25*0. 
C 13 HJ 3 ON 4 requires C, 63*8; H, 4*4; N, 24*8%). 

Condensation of Benzamidoacetamidine with Ethyl Cyanoaceiate : Ethyl l-Amino-^’-henzamidoethylidene- 
cyanoacetate. — A mixture of ethyl cyanoacetate (12*4 g.) and an anhydrous alcoholic solution of benzamido- 
acetamidinc (prepared as in the foregoing example from 21*3 g. of benzamidoacetamidine hydrochloride 
in 150 c.c. alcohol and 2*3 g. of sodium in 60 c.c. alcohol) was kept for 48 hours at 40°; crystals 
rapidly separated with development of an ammoniacal odour. The mixture was chilled, and the 
crystalline precipitate of ethyl l-amino-2-henzamidoe4hylidenecyanoacetate (24 g. ; m. p. 196°) collected. 
A sample separated from dilute alcohol in colourless felted leaves, m. p. 198 — 200° (Found : C, 6T3; 
H, 6*4; N, 16*6, 16*6. C 14 H 15 O 8 N 3 requires C, 61*6; H, 5*5; N, 15*4%). 

a-Benzamidotkiopropionamide. — a-Benzamidopropionitrile (1T2 g.) was added to freshly prepared 
methanolic ammonium sulphide (obtained by dissolution of 6 g. of ammonia and then 6 g. of hydrogen 
sulphide in 75 c.c. of methyl alcohol) and the solution kept in a sealed bottle at room temperature for 
16 hours. On dilution with water a-benzamidothiopropionaniide (7 *6 g.) slowly separated ; this crystallised 
from aqueous methyl alcohol in colourless needles, m. p. 146° (Found : N, 13*8; S, 16*4. C„H„ON,S 
requires N, 13*5; S, 16*4%). 

^-Methyl-2-(V-aminoethyl)thiazole. — ^A solution of the foregoing amide (50 g.) in methyl alcohol 
(200 c.c.) and pyridine (38 c.c.) was refluxed with chloroacetone (24 c.c.) for 2 hours, and the alcohol then 
distilled oft". Addition of water to the residue precipitated 4:-methyl-2^{V-benzamidoeihyl)thiazole (60 g.). 
which crystallised from aqueous methyl alcohol in colourless needles, m. p. 112° (Found: N, 11-6; 
S, 13*4. CiaHi 40 N 3 S requires N, 11*4; S, 13-0%). 

A solution of the foregoing crude compound (60 g.) in 5 n - hydrochloric acid (400 c.c.) was refluxed for 
7 hours, cooled, the benzoic acid removed, and the filtrate evaporated almost to dryness at reduced 
pressure. Water (300 c.c.) was added, and the solution evaporated to very small volume, cooled, 
strongly basified with lON-sodium hydroxide, and extracted with chloroform (2 x 50 c.c.). After 
drying and distillation, the chloroform extracts yielded 4-methyl-2~{l'~aminoethyl)thiazole as a colourless 
oil (21 g,), b. p. 98---100°/12 mm. (Found : N, 20*0; S. 22*6. C 4 H 10 N 3 S requires N, 19*7; S. 22*6%). 

a-Acetylsulphanilamidothiopropionamide. — a-Acetylsulphanilamidopropionitrile (9*2 g.) was added to 
freshly prepared methanolic ammonium sulphide (6 g. of ammonia and 5 g. of hydrogen sulphide in 
100 cx. of methyl alcohol), and the mixture kept at 20° with frequent shaking for 24 hours. Addition 
of water (160 c.c.) caused the thio-amide ( 6*6 g.) slowly to separate in colourless prisms, m. p. 220 ; these 
crystallised from aqueous methyl alcohol in stout prisms, m. p. 226° (Found: N, 14*2; S, 2M. 
CuHnOjNgSt requires N, 14*0; S, 21*3%). 

4:’-Methyl-z-(V-sulphanilamidoethyl)thiazole (No. 1424). — A solution of the foregoing amide ( 6*0 g.) in 
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alcohol (50 C.C.), water (5 c.c.), and pyridine (4 c.c.) was refluxed with chloroacetone (2-4 g.) for 2 hours, 
and the alcohol then distilled off. Addition of water (50 c.c.) precipitated 4rmeihyU2-(V-acetylsuiphamh 
amidoethyl)thiazole (5*2 g.; m. p. 172®) which crystallised from aqueous alcohol in pale cream needles, 

p. 180—182® (Found : N, 12-3; S, 13-6. CuHpOaNjS* requires N, 12-4; S, 18*9%). 

Hydrolysis of the foregoing compound (4*2 g.) with 2*6N-sodium hydroxide at 100® for 1 hour yielded 
4rmethyl-2-‘{V‘Sulphanilamidoethyl)thiazole (2*4 g.), which separated from dilute alcohol in colourless 
prisms, m. p. 168® (Found : N, 14*6; S, 21*3. CjjHjgOjNjSj requires N, 14*2; S, 21*6%). 

P-Benzamidotkiopropionamide. — A solution of j3-benzamidopropionitrile (42 g.) in 96% alcohol 
(326 cx.) containing 3-3% w/w ammonia was saturated with hydrogen sulphide and kept at ca. 40° for 
5 days, more hydrogen sulphide being added each day. Solvent was pumped off from the semi-solid 
mixture, ether in excess added, and the precipitate collected. This was dissolved in 90% methyl alcohol 
(500 c.c.), the sulphur removed, and the filtrate evaporated to incipient crystallisation (vol. 260 cx.) ; 
on standing in the ice chest, p-benzainidothiopropionamide (30 g.) separated in glittering colourless 
rhombs, ra. p. 1 60 — 162°. A further quantity of less pure material was separated from the mother-liquor 
(Found: N, 13*6; S, 15*2. CioHjjONjS requires In, 13*6 ; S, 15*2%). The compound was obtained 
in similar yield by saturating the cold methyl-alcoholic solution of the nitrile with ammonia and then 
with hydrogen sulphide and keeping it in a sealed vessel at 40° for 5 days. 

4:-Meihyl-2-{2'-benzamidoethyl)thiazole. — A solution of the foregoing amide (41*6 g.) in anhydrous 
methyl alcohol (600 c.c.) was refluxed with chloroacetone (24 c.c.) and anhydrous pyridine (32 c.c.) for 
4i hours. After standing overnight the solvent was distilled off, and the oil which separated dissolved 
in warm N-hydrochloric acid (300 c.c.), the solution filtered (charcoal), and the filtrate adjusted to pH 
7*0 with ammonia; 4-methyl'-2-{2'-benzamidoetkyl)thiazole (40 g.) separated as an oil which solidified on 
scratching and freezing. The compound was obtained in slender colourless needles, m. p. 74 — 76°, by 
dissolution in warm benzene-ligroin and allowing the solvent to evaporate slowly in a current of cold 
filtered air (Found : C, 64*0; H,5*9; N, 11*8; S, 13*6. Ci 3 Hi 40 N,S requires C, 63*6 ; H,6-7; N, 11*4; 
S. 13*0%). 

^Methyl-2~(2'-aminoethyl)thiazole. — The foregoing crude benzamido-compound (32 g.) was refluxed 
for 4 hours with 6N-hydrochloric acid (260 c.c.), the solution chilled, and the precipitated benzoic acid 
removed. The filtrate was evaporated to small volume, chilled, strongly basified with lON-sodium 
hydroxide, and extracted several times with ether ; the ethereal solution after drying over potassium 
carbonate yielded ^-methyl-2-{2'-'aminoethyl)thiazole (15 g.) as a colourless oil, b. p. 102 — 104°/ 10 mm. 
(Found : N, 19*6; S, 22*2. C^HioNgS requires N, 19-7* S, 22*5%). 

^-Methyl-2-(2'-sulphanilainidoethyl)thiazole (No. 1323). — A solution of acetylsulphanilyl chloride (17 g.) 
in acetone (50 c.c.) was added dropwise during 45 minutes to a mixture of 4-methyl-2-(2'-aminoethyi)- 
thiazole (10 g.), sodium hydrogen carbonate (10 g.), water (150 c.c.), and acetone (20 c.c.) stirred at 
10 — 15°. Stirring was continued at 20° for a further 4 hours, water (150 c.c.) added, and the precipitate 
of 4:-methyl-2'(2'~acetylsulpkanilamidoethyl)thiazole (26 g. ; m. p. 110°) collected and washed with water. 
The compound is insoluble in cold water but easily soluble in cold dilute hydrochloric acid and dilute 
sodium hydroxide. A sample crystallised from dilute alcohol in colourless needles, m. p. 116 — 118° 
(Found, in material dried at 1 mm. over phosphoric oxide : N, 12*3; S, 18*7. requires 

N, 12*4; S, 18*9%). 

A solution of the foregoing crude acetamido-compound (20 g.) in 2*6N-sodium hydroxide (200 cx.) 
was heated on the water-bath for 75 minutes. lON-Hydrochloric acid (70 c.c.) was added, the .solution 
filtered (charcoal), cooled, and adjusted with simultaneous scratching to pH 6*6 — 7*0 with dilute .sodium 
hydroxide; 4-methyl-2’-{2'-sulphanilamidoethyl)tkiazole separated in small colourle.ss crystals (15*8 g. ; 
m. p. 92°), which crystallised from dilute methyl alcohol in elongated needles, m. p. 98 — 100° (Found, in 
material dried over phosphoric oxide at 1 mm. : N, 14*4; S, 2T4. requires N, 14*2; 

S, 21*6%). The compound is considerably more soluble in cold 5% lactic acid than is sulphathiazole. 

P-Benzamidopropionamidine Hydrochloride. — A solution of jS-benzamidopropionitrile (35 g.) in 
anhydrous chloroform (300 c.c.) and anhydrous ethyl alcohol (46 c.c.) was saturated at 5° with dry 
hydrogen chloride and set aside for 18 — 24 hours at 0 — 4°. The solvent was completely pumped off at 
20°, and the glittering crystalline residue of )5-benzamidopropionimino-ether hydrochloride was mixed 
with cold anhydrous ethyl alcohol (400 c.c.) and saturated with dry ammonia at 5°. The clear solution 
which resulted was allowed to stand at 5° for 24 — 30 hours, the ammonia pumped off at 20°, the volume 
made up to 400 cx. with lime-dried alcohol, and the solution filtered at the b. p. to remove ammonium 
chloride and kept on ice; p-benzamidopropionamidine hydrochloride separated in large colourless 
transparent cubes (34 g. ; m. p. 174 — 180°) which were collected 'and dried in a vacuum. From the 
mother-liquors a further 7 g. (m. p. 178 — 180°) was obtained by evaporation. A sample recrystallised 
from anhydrous ethyl alcohol had m. p. 178 — 180° (Found : N, 18*4; Cl, 16*4. Ci/,Hi 40 N 3 Cl requires 
N, 18*4; Cl, 15*6%). 

All attempts to condense this amidine with acetylacetone (i) in dilute alcohol in presence of sodium 
carbonate at the b. p., (ii) in refluxing anhydrous alcohol in presence of sodium carbonate, (iii) in warm 
(40°) and in refluxing anhydrous alcohol in presence of 1 mol. or 2 mols. of sodium ethoxide failed 
to yield any of the required pyrimidine. In (i) a quantitative yield of p-benzamidopropionamide was 
obtained which crystallised from boiling water in heavy colourless prisms, m. p. 174 — 176° (Found : 
C, 62*2; H, 6*3; N, 14*6. CjoHijO^N* requires C. 62*6 ; H. 6*3; N, 14*6%). 

Y-Phthalimidothiobutyr amide. — A mixture of 3-phthalimidopropyl cyanide (20 g.) and freshly prepared 
methanolic ammonium sulphide (5 g. of ammonia and 12 g. of hydrogen sulphide in 120 c.c. of methyl 
alcohol) was kept at 40° in a closed vessel with frequent shaking for 48 hours. The mixture was chilled, 
and the precipitated amide (11*5 g. ; m. p. 184°) collected ; on re-heating the filtrate to 40 — 46° for 6 days, 
a further quantity (2 g.) separated. For analysis a sample was recrystallised from alcohol and obtained 
in colourless needles, m. p. 186° (Found : N, 11*3; S, 13*2. CigHjjOgNjS requires N, 11*3; S, 12*9%). 

^-Methyl-2-(Z'-aminopropyl)thiazole. — The above amide (10 g.), chloroacetone (6*6 g.), pyridine (6*5 c.c.), 
and methyl alcohol (70 c.c.) were refluxed together for 2 hours, the solvent distilled off, and the residue 
diluted with water. The oil which separated slowly solidified to a crystalline mass (11*2 g.) of 
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^-methyl-2-{S^’‘Phth(iliniidopi'opyl)thiazolef which crystallised from aqueous methyl alcohol in colourless 
prisms, m. p. 80® (Found : N, 10-0; S, 11*4. C 15 H 14 O 8 N 2 S requires N, 9*8; S, 11*2%). 

The foregoing compound (46 g.) was refluxed with lON-hydrochloric acid (340 c.c.) for 8 hours, the 
mixture chilled, the phthalic acid removed, and the filtrate evaporated almost to dryness at reduced 
pressure. Basification of the residue with lON-sodium hydroxide and extraction with chloroform 
yielded 4~methyl~2‘‘{Z'-aminopropyl)thiazole, which distilled as a colourless oil (19*5 g.), b. p. 120 — 122°/12 
mm. (Found, in redistilled sample : N, 17*8; S, 21*2. C^HigNgS requires N, 17*9; S, 20*6%). 

4:-Methyl'-2-(Z^-sulphanilafnidopropyl)tkia2ole (No. 1432). — Acetylsulphanilyl chloride (6 g.) was added 
to a rapidly stirred solution of 4‘methyl-2-(3'-aminopropyl)thiazole (3 g.) and sodium hydrogen carbonate 
(3 g.) in 50% aqueous acetone (25 c.c.), and the mixture stirred for \ hour at room temperature and then 
for a further J hour at 50 — 60®. Addition of water precipitated 4i-methyl~2-{Z*-acetylsulphanilantido- 
propyl)thiazole (6’2 g.), which crystallised from aqueous methyl alcohol in colourless prisms, m. p. 91° 
(Found: N, 11*8; S, 17*3. CisHnOaNgSa requires N, 11-9; S, 16*9%). Deacetylation with 2'5n- 
sodium hydroxide at 100'’ for 1 hour yielded 4,-methyl-2~{Z'-sulphanilamidoproPyl)thiazole, which separated 
from aqueous methyl alcohol in colourless needles, m. p. 130 — 132® (Found: N, 13*8; S, 20*5. 
requires N, 13*5; S, 20*6%). 

y-Phthalimidohutyraniidine Hydrochloride. — A solution of 3-phthalimidopropyl cyanide (20 g.) 
in dry chloroform (100 c.c.) and anhydrous alcohol (22 c.c.) was saturated at 5® with dry hydrogen 
chloride and kept overnight at 5®. The solvent was completely removed at 30® under reduced pressure, 
anhydrous alcohol (120 c.c.) added, and the solution saturated at 5® with dry ammonia. After standing 
at 0 — 5° for 72 hours, the solvent and excess ammonia were distilled away at < 30®; crystallisation of 
the residue from a small volume of water yielded y-phthalimidohutyramidine hydrochloride (12 g.) in 
colourless nacreous plates, m. p. 180 — 182® ; for analysis a sample was recrystallised from alcohol-ether 
and obtained in colourless plates, m. p. 186® (Found: N, 16*1; Cl, 14*0. Ci 2 Hi 303 N 3 ,HCl requires 
N, 15*7; C., 13*3%). Attempts to condense this compound witli acctylacetonc failed to yield any of 
the desired pyrimidine. 

^-Benzamidothiohexoamide. — A solution of 5-benzamido-t/-amyl cyanide (4 g.) in methyl alcohol 
(24 c.c.) was saturated with ammonia and then with hydrogen sulphide at 0" and kept in a closed vessel 
at 50® for 72 hours. Addition of a .small amount of water effected separation of the hexoamide (1*25 g. ; 
m. p. 90®), which crystallised from aqueous methyl alcohol in colourless leaves, m. p. 94 — 96® (Found : 
N, 11*4; S, 12*4. CjaHisONaS requires N, 11*2; S, 12*8%). 

Use of ethanolamine or of .sodium or potassium ethoxide as catalyst failed to improve the yield, and 
accordingly the attempt to prepare the corresponding thiazole derivative was abandoned. 

5-Benzamido-n~hexoaynidine Hydrochloride. — A solution of 5-benzamido-n-amyl cyanide (10 g.) in 
chloroform (60 c.c.) and ethyl alcohol (10 c.c.) was .saturated at 5® with dry hydrogen chloride, kept at 
5“ for 24 hours, and evaporated to dryness at ca. 20®, and anhydrous alcohol (60 c.c.), which had 
previously been saturated at 0® with ammonia, was added. After standing at 5® for 72 hours and then 
for a further 24 hours at room temperature, a portion of the alcohol was distilled olf at reduced pressure, 
and the residue diluted with dry ether. The oil which separated slowly solidified to a crystalline mass of 
the hydrochloride (11*5 g. ; m. p. 130®) ; cry.stallisation from alcohol-ether yielded white prisms, m. p. 
132® (Found : N, 15*1 ; Cl, 13*7. C 13 H 19 (^ 3 , HCl requires N, 15*6; Cl, 13*2%). ,\11 attempts to obtain 

a pyrimidine derivative by condensation with acetylacetone were unsuccessful. 

ll-Benzamidothioundecoamide. — Hydrogen sulphide was pa.ssed into a solution of 10-bcnzainido- 
decyl cyanide (25 g.) in methyl alcohol (125 c.c.) and aqueous ammonia {d 0*889; 20 c.c.) until an 
increase in weight of 10 g. was obtained. The .solution was heated in a closed vessel for 7 days at 35®, 
water (100 c.c.) added, and the precipitate collected and recry.stalli.sed from aqueous methyl alcohol, 
\l~benzamidoihioundecoamide (10*5 g.) separating in pale cream needles, m. p. 112® (Found : N, 8*9; 
S, 10*0. CigHa^ONaS requires N, 8*7; S, 10*0%). 

4:-M ethyl-2- {ui-aminodecyl) thiazole. — A solution of the foregoing amide (10*5 g.) in methyl alcohol 
(75 c.c.) and pyridine (5*4 c.c.) was refluxed with chloroacctone (4*0 c.c.) for 3 hours. The excess of 
solvent was distilled off, water (100 c.c.) added to the residue, and the 4-inethyl-2-{ci)-benzamidodecyl)thiazole 
( 1 1 *5 g. ; m. p, 54°) collected ; this recrystallised from aqueous methyl alcohol in white plates, m. p. 58 — 60® 
(Found : C, 70*1; H, 8*5; N, 7*8; S, 8 * 6 . CgiHgoON^S requires C, 70*4; H, 8*4; N, 7*8; S, 9*0%). 

The foregoing crude benzamido-compound (27*3 g.) was refluxed with lON-hydrochloric acid (273 c.c.) 
for 12 hours, the mixture chilled, and the benzoic acid filtered off. The filtrate w*as evaporated to small 
volume at reduced pressure, diluted with water (200 c.c.), and evaporated to dryness. Addition of 
oN-sodium hydroxide to the residue, followed by chloroform extraction and distillation, yielded 
4:-methyl-2-{w-aminodecyl)thiazole as a pale yellow oil (10 g.), b. p. 166 — 170®/0*5mm. (Found : N, 110; 
S, 12*8. C^HaeNaS requires N, 11*0; S, 12*6%). 

4-Methyl-2-{a}-sulphanilamidodecyl)thiazole (No. 1433). — Acetylsulphanilyl chloride (3*2 g.) was added 
to a stirred mixture of the foregoing base (3*0 g.), sodium hydrogen carbonate (2*0 g.), and 50% aqueous 
acetone (20 c.c.). After being stirred for J hour at room temperature, the mixture was heated on the 
water-bath for J hour, diluted with water (100 c.c.), and the precipitate (5*2 g. ; m. p. 102°) collected. 
Recrystallisation from aqueous methyl alcohol yielded ^-methyl-2-(a}-acetylsulphanilamidodecyl)thiazole 
in white needles, m. p. 102 — 104° (Found : N, 8*9; S, 14*2. CjaHagOaNaSg requires N, 9*3; S, 14*2%). 
Deacetylation with 2*5N-sodium hydroxide in 50% aqueous alcohol at the reflux for IJ hours gave 
^-niethyl-2-(<a-sulphanilamidodecyl)thiazole, which separated from aqueous methyl alcohol in pale cream 
prisms, m. p. 108° (Found : N, 10*4; S, 15*8. CjoHaiO^NgSa requires N, 10*3; S, 16*7%). 

The authors thank Mr. H. S. Jefferies, B.Sc., for carrying out the biological tests, Mr. D. Fairbairn 
for technical assistance, and Mr. N. Virgo for the analyses. 
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256 , Application of Thallium Compounds in Organic Chemistry. 

Pan XL* 

By R. C. Menzies. 

A summary is given of earlier work on the thallium method of alkylating sugars and its 
more recent extensions. It is pointed out that entry of thallium into carbohydrate molecules, 
controlled by Purves by varying the sizes of the molecules carrying the ethoxide in solution, can 
also be controlled by varying the effective size of the thallium atom by anchoring it by attached 
alkyl groups, A case of methylation by boiling a diethyithallium derivative with methyl 
iodide is also described. 

Alkylations by reaction between thallous compounds and alkyl iodides were first described 
by Fear and Menzies (/., 1926, 937), o-methoxy])enzaldeliyde, dimethyl hydroxymethoxy- 
succinate, and a mixture of trimethyl methylglucosides being obtained from thallous 
salicylaldehyde, tetrathallium tartrate, and trithallium methylglucoside. Twelve years later 
Purves and Hudson ,(/. Anicr. Chem. Soc., 1937, 59, 49) methylated by this method a-methyl- 
and a-beuzyl-fructofuranosides, both obtained by them from the uncrystallised mixture of 
isomeric methylfructofuranosides first prepared bv the author (/., 1922, 121, 2238). Later, 
Hirst, Jones, and others (/., 1938, 497; 1939, 458, 1482, 1867, 1884; 1942, 76; 1946, 606) 
described the thallation and initial methylation of an arabo-pectic acid complex and a number 
of vegetable gums, thus altering their solubilities so that methylation could be completed by 
Purdie’s reaction. Hirst and Jones also showed (/., 1938, 1695) that the action of methyl 
iodide on trithallium methyj^glucoside gave a mixture of 50% of 2 : 4 : 6-, 36% of 2:3:6-, 
10% of 3 : 4 : 6-, and 4% of 2 ; 3 : 4-trimethyl methylglucosides, so that positions 2, 3, 4, and 6 
were methylated in 90, 50, 64, and 96% respectively of the whole product, positions 2 and 0 
beiffgTnethylatcd simultaneously in 86%, but positions 3 and 4 were only methylated together 
to the extent of 14%. 

Purves later (/. Amer. Chem. Soc., 1944, 66, 69) investigated the distribution of amorphous 
and crystalline material in cellulose by treating it with thallous ethoxide dissolved in organic 
solvtJTits of different molecular sizes. 

Thallation followed by treatment with methyl iodide thus affords a method of initial partial 
methylation capable of being used in non-aqueous solvents, occasionally applicable where 
sodium hydroxide and methyl sulphate are ineffectual. Purves and Hudson’s preparation of 
dimethyl methyl- and benzyl-fructosides and Hirst and Jones’s preparation of partly methylated 
methylglucosides indicate that thallation can be controlled and used in the preparation of 
partly methylated sugars. 

These authors have laid stress on results rather than on experimental methods. A 
recapitulation and extension of publishfjd and unpublished observations on the thallous 
derivatives of some of the more simple sugars and allied substances may therefore be of use. 

Treatment of substances containing carboxyl or hydroxyl groups with aqueous thallous 
hydroxide generally results in replacement of the labile hydrogen by the metal. Where 
hydroxyl hydrogen is replaced, the metal can be accurately titrated with standard acid; it 
is also converted into thallous carbonate by passing carbon dioxide through the solution. The 
first c(mi pound described in which both replacements occur in the same molecule was tetra- 
thallium tartrate {Part II). Hexathallium gluconate in which five of the six metallic atoms 
can be titicited was described in Part IV. Tetrathallium m^sotartvate, dithallium gly collate, and 
dithallium lactate are described below. Trithallium glycerol and tetrathallium erythritol are both 
sparingly soluble, separating Slowly on mixing solutions of the parent compound with aqueous 
thallous hydroxide. Hexathallium sorbitol was described in Part IV. Many of these and other 
thallium compounds crystallise -well (cf. Nature, 1931, 907) so the recognisable patterns formed 
by mixing drops of the reacting solutions or on allowing their hot solutions to cool on a 
microscope slide are suitable for identification purposes. So far as is known all hydroxyl 
hydrogen atoms in straight-chain compounds can be substituted by the metal. When, how- 
ever, the compound contains a pyranose, furanose, or an attached benzene ring, substitution 
may be incomplete. For instance, methylarabinoside (Part IV) gives a trithallium derivative, 
but so, under similar conditions, does methylglucoside (Part III). Sucrose, with eight hydroxyl 
groups, and salicin, with five, give tetrathallium sucrose and trithallium salicin. It is only in 

* Previous parts of this series published in the Journal are : I, 1924, 126, 1148 ; II, 1926, 127, 2369 ; 
III, 1926, 937 ; IV, 1928, 186; V, 1930, 1671; VI, 1931, 2239; VII, 1932, 2604; VIII, 1932, 2734; 
IX, 1933, 21 : X, 1936, 1678. 
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rings containing an oxygen atom that incomplete thallation has been observed. Inositol, in 
v»rhich all six hydroxyl groups are secondary, forms sparingly soluble hexathallium inositol. 

Replacement of hydrogen by the metal in certain cases is thus incomplete. Incomplete also 
may be subsequent replacement of the metal on treatment with methyl iodide. The attempted 
methylation of tetrathallium tartrate gave, for instance, after 100 hours, a syrup whose mcthoxyl 
■content indicated that only three of the metallic atoms had reacted (Part III). 

The isolation of well-defined thallous derivatives recalls McKenzie’s suggestion ( /., 1899, 75 , 
766) that a possible explanation of methylation by the silver oxide method is the intermediate 
formation of an unstable silver derivative which subse(juently undergoes double decomposition 
with the alkyl halide (see also Lander, 1900, 77 , 747 ; 1903, 83 , 416) ; but these intermediate 
compounds have never been isolated. Many of the thallous compounds are somewhat unstable, 
but the fact that they can be isolated facilitates more detailed examination of the mechanism 
of methylation. Both the occasional incomplete thallation and the usual incomplete subsequent 
methylation are probably partly due to steric hindrance, but this cause does not act alone. 
There are also to be considered the alkalinity of the metal or organo-mctallic group, the 
dissociation constant of each individual labile hydrogen, the co-ordinating capacity of the metal, 
and the presence or absence of water, small amounts being occasionally of importance. 
Information on the above, and reciprocally, on the properties of the sugars, can be obtained by 
considering the courses of different methods of substitution on the same, and of the same method 
on different, hydroxyl compounds. 

Steric hindrance certainly plays a part. Purves, for instance, has shown that the depth of 
entry of thallous ethoxide into fibres of cellulose depends, in the case of the ethers, on the 
lengths of the carbon chains attached to the oxygen of the ethers. Maxted (/., 1937, 1004) 
showed that the catalytic activity of platinum in hydrogenations is inhibited by alkyl sulphides 
in proportion to the lengths of the carbon chains attached to the sulphur. The alkyl groups act 
like umbrellas. Similar protection of derivatives of p-diketones from hydrolysis, increasing 
with the length of the alkyl groups attached to the metal, was described in Part X (loc. cit., p. 
1880). The probable similar mechanism in this case also is made clear by Powell and Crowfoot’s 
observation {Z. Krist., 1934, 87 , 370) that the alkyl groups in the dialkylthallous compounds are 
attached at an angle of 180°. The effective size of the thallous atom may thus be increased in a 
known way without destroying, but not without altering, its power of reifiacing labile hydrogen , 
Berry, Ix)wry, and Gilbert (/,, 1928, 1761) having shown that the dialky Ithallonium ions are 
derived from relatively weak bases. One dialkylthallium group prolxibly does not differ much 
from another in basicity, so that differences between homologous organornetallic derivatives 
may be mainly of steric origin. The noii-alkylated metal, however, is a stronger base. It is 
shown below that in alkaline solutions, where all four labile hydrogen atoms of tartaric acid are 
replaced by the metal, only three are replaced by the dialkylthallium groui). This difference is 
probably due to both the two causes indicated above. Both causes are also probably concerned 
in Brady and Hughes’s results. They described both mono- and di-thalliumdiphenol, but only 
mono(diethylthallium)diphenol (J 1933, 1228). Whatever the cause and whatever alkylation 
method be used, it is always the insertion of the last group that is the most difficult. Even the 
silver oxide method occasionally breaks down. Purdie and Young, for instance (/., 1910, 97 , 
1524), found that the 3 : 4-dimcthyl ether of 2 : 5-dimethylhexane-2 : 3 : 4 : 5-tetraol resisted 
methylation in this way. McKenzie and Wren (/., 1910, 97 , 473) could only methylate the 
secondary hydroxyl grouj) of triphenylethylene glycol by its means. Other methods break 
down more easily. Both the methyl sulphate (Haworth, /., 1915, 107 , 16) and the thallium 
method (Part III) give incomplete methylation when applied to tartaric acid; and Schlubach 
and Firgau (Bcr., 1920, 59 , 2100) found that, although the potassium salt of 2 : 3 : 0-trimetliyl 
p-methylglucoside gave an 86% yield of tetramethyl p-methylglucoside on treatment wfith 
methyl iodide, yet it was unaffected by propyl iodide, benzyl chloride, or acetobrom oglu cose. 
The smaller the metal atom or the entering group, and the looser the structure of the metallic 
derivative, as in Hirst and Jones’s preparations of partly methylated methylglucosides and 
methylarabinosides referred to above, or in Percival’s preparation of acetylated trimethyl 
sucrose (/., 1936, 648), the more likely is substitution of the metal to be complete. 

With regard to the varying dissociation of hydrogen from one sugar to another, it is difficult 
to explain that while the thallation of hexahydroxy-alcohols takes place instantly, that of 
glycerol and of erythritol takes hours, the solubilities of the resulting thallated derivatives being 
of the same order, on any other ground than that the lower alcohols must have smaller 
dissociation constants. 

It will also be recalled that the silver oxide method began from following up Purdie and 
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Pitkeathly's observation (/., 1899, 76 , 163) that in the course of preparation of esters by the 
action of alkyl halides on silver salts certain anomalous results were encountered, the tartaric 
esters obtained having abnormally high rotations, and it was ascertained that alkoxy-derivatives 
were produced during the reaction ; i.e., the substitution of silver, known to have a high capacity 
fear forming co-ordination compounds, took place not only on the acid but also on the 
neighbouring hydroxyl group. This makes it difficult to believe, without further proof, that the 
replacement of thallium, also a readily co-ordinating element, by other groups always takes 
place on the same oxygen atom as that to which the metal was attached before reaction with the 
alkylating agent. 

The incomplete thallation referred to above varies^n some cases with quite small differences 
in the conditions of preparation, so that exact repetition of analytical results is occasionally 
difficult. This difficulty was encountered by Assat, Haas, and Purves (/. Amer. Chem, Soc., 
1944, 66, 01). It is also met with in the analyses of derivatives of sucrose and cellulose and in 
those of ethylene glycol and of pentaerythritol. In the last two cases the solubility of the 
derivatives is of the same order as that of thallous hydroxide, and the analyses suggest that 
both the derivatives of the polyhydric primary alcohols and thallous hydroxide crystallise 
together. It is important to make clear that these analytical inexactitudes are due, not to the 
difficulty of determining the metal or of determining carbon or hydrogen in its presence, but, 
as explained below, to the reactive nature of the components of the molecule of which it now 
forms a part. Inspection of the analytical results given below and in the earlier numbers of this 
series will show that ; (1) Carbon and hydrogen estimations are not interfered with by the 
presence of thallium. (2) Thallous salts of organic acids analyse well : occasional high hydrogen 
\'alues suggest the presence of water of crystallisation. (3) The hydrogen values for chelate 
thallous compounds are usually good, but irregular carbon figures suggest the presence of 
thallous salts resulting from hydrolysis. (4) The percentages found for all three elements in 
chelate compounds of dialkylthallium are usually very good. This is associated with 
considerable stability. Like platinum catalyst poisons after Maxted has rendered them harmless 
(/., 1940, 252), all the electronic shells round all the constituent atoms have been completed, 
and they no longer attract or are attracted by other molecules as much as those in which this is 
not the case. This is mutatis mutandis the Cambridge conception of the survival of the 
unattractive (Thomson, Phil. Mag., 1921, 41 , 630) and their stability clearly marks the 
end-points of the reactions leading to their formation. This is, however, not so well marked 
with the thallous derivatives of the sugars. The sugars are easily oxidised, and univalent 
thallium is not only easily reduced to the metal but is also easily oxidised to the tervalent state, 
and is thus an oxygen carrier. Any th£illous derivative of the sugars is thus liable to change, 
and it may change, if care be not taken, under the conditions of preparation. This instability 
makes them difficult to analyse as accurately as might be w'ished, but it also makes them useful 
synthetic agents. 

Experimental. 

Thallous Derivatives of Hydroxy-acids. — On adding N-thallous or -potassium hydroxide to N-solutions 
of tartaric or mesotartaLne acid, the precipitation of the acid salt followed by the formation of the normal 
salt, which dissolves, follows the same course with both alkalis up to the point of neutrality 
(phenolphthalein) . Here the resemblance ends. The first drop of thallous hydroxide in excess leads 
to precipitation of tetrathallium tartrate (Part II) or of tetrathallium mesotartrate, heavy white compact 
crystals, sparingly soluble and slowly darkened by light [Found : T1 (by titration), 42-41. C4H20eTl4 
requires Tl, 41-14%]. 

A few analyses of known thallous tartrates and salts of other carbon acids are here given to illustrate 
the accuracy to be expected : 

Found. Calc. 



C. %. 

H. %. 

Tl. %.’ 

C. %. 

H, %. 

Tl. %: 

Thallous hydrogen w^sotartrate, C 4 H 50 aTl 

13-9 

1*7 

— 

13-6 

1*4 

— 

Thallous tartrate, C 4 H 40 eTL 

8-9 

0-85 

73-2 

8*6 

0-7 

73*4 

Tetrathallium tartrate, C 4 H 2 O 4 TI 4 

Thallous carbonate, TlgCOj : 

5-06 

0-4 

42-65 • 
84-6 t 

5-0 

0-2 

42-4* 
84-9 t 

(commercial sample) 

2*76 

0*24 

87-3 

2*51 

0 

87*2 

(recrystallised) 

2*78 

0*19 

— 

4*8 


— 

Thallous formate, CHOjTl 

4-9 

0*8 

82-16 

0-4 

81*96 

Thallous fumarate\^ w ti 

Thallous maleate 

9*3 

9*4 

0*66 

0*4 

^ 77*9 1 
77-8 } 

9*2 

0-4 

78-2 

Thallous succinate, C4H4O4TL 

9-2 

0*85 

77*6 

9*16 

0*76 

77*9 


* By titration. t As iodide. 
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Although these results conform to the usually accepted standards of accuracy, it will be seen that 
where the molecular weights of normal and tetrathallium tartrates, for instance, are 556-8 and 963*6 
respectively, they are inadequate to indicate the presence or absence of small quantities of water of 
crystallisation, probably influencing, as mentioned above, the course of alkylations. It may be 
mentioned in this connection that thallium hydrogen -tartrate is described in the literature as anhydrous, 
while the wcsotartrate is said to crystallise as a hemihydrate. In alkaline solution the behaviour of the 
metal resembles that of lead and antimony. The resemblance between tetrathallium and a double 
tartrate of thallium and antimony has already been pointed out in Part II (p. 2369), and comparison 
may also be made with a basic lead tartrate PbgC4H20|„H20 (Bcilstein’s “ Handbuch ", Vol. 3, p. 501). 

Dithallium glycollate, Glycollic acid was neutralised by thallous hydroxide solution, and a 
further equal volume was then added. Compact colourless crystals of dithallium glycollate slowly 
separated, resembling, but more soluble than, tetrathallium tartrates, and like them, darkened by light 
[Found : T1 (by titration), 42*1. CgHgOaTlg requires Tl, 42-4%]. 

From a solution of glycollic acid accurately neutralised with thallous hydroxide (phenolphthalein) 
were obtained on evaporation needles of the very soluble normal salt described by Fahlberg {J . pr. 
Chem.y 1873, 7, 339). From a solution of lactic acid neutralised with thallous hydroxide a colourless 
syrup was obtained on evaporation, which did not crystallise ; but on evaporating a solution to which 
twice the amount of hydroxide necessary for neutralisation had been added, as above, dithallium lactate 
slowly separated on nucleation with a sample obtained by rapid evaporation in a test-tube, in large, 
highly refracting, colourless crystals [Found: C, 7-6, 7-8; H, 0-91, 1-03; Tl (by titration), 39-4. 
C3H4O3TI2 requires C, 7-25; H, 0-8; Tl, 41-15. C3H403Tl2,H20 requires C, 7-0; H, 1-2; Tl, 39*7%]. 

The above basic salts are all colourless. Yellow hexathallium gluconate was described in Part III 
(p. 189) . Saccharic acid also gives a substance approximating in composition to hexathallium saccharate, 
the way to which lies through thallium hydrogen saccharate, now described. 

Crude brown potassium hydrogen saccharate (19 g.) was dissolved in water and partly neutralised 
with thallous hydroxide. The dark brown liquid was then boiled with animal charcoal, and considerabh- 
excess of thallous hydroxide added to the almost colourless filtrate. The solution was then mad(- 
slightly acid with acetic acid, and again boiled with animal charcoal, filtered hot, and cooled. Crude 
thallium hydrogen saccharate (14-8 g.) separated, which probably contained a little potassium, as the 
titration value corresponded to 101-3% of thallium hydrogen saccharate. After recrystal lation from 
hot water, however, 2T26 g. required 5-11 c.c. of N-thallous hydroxide (calc., 5*14c.c.), indicating 99*4% 
purity (Found ; C, 18*3 ; H, 2-3. C^H^OgTl requires C, 17-4 ; H, 2-2%). The neutral solution obtained 
by titration gave a glass on evaporation to dryness, thus resembling the normal lactate and also recalling 
Hirst and Purves’s attempt to prepare normal thallium ;ry/otrimethoxyglutaric acid (/., 1923, 128. 
1358). The syrup was then redissolved, and on the addition of four further equivalents of thallous 
hydroxide an amorphous yellow precipitate came down, more being obtained by adding alcohol to the 
filtrate. These on titration showed 52-24% and 50-74% of thallium, respectively. Hexathallium 
saccharate should contain 85-74% of thallium of which two-thirds or 57-16% should be titratable. It is 
possible that, on the lines indicated in Part III for the similar yellow hexathallium compounds of gluconic 
acid and of sorbitol, better analytical results could be obtained. But it is already evident that again 
the close resemblance between thallous and potassium salts in neutral or acid solutions persists. 
On making the solution alkaline with thallous hydroxide, more sparingly soluble substances are formed. 
From hydroxy-acids containing 2, 3, and 4 carbon atoms, these are colourless. PYom acids and alcohols 
containing 6 carbon atoms they are yellow. As will be .seen below, this yellow colour already appears 
in the derivatives of ethylene glycol and of glycerol. (Solid TlOH is also yellow.) 

Normal thallous mucate is easily prepared by neutralising the acid. It is sparingly soluble but can be 
crystallised from hot water. Its analysis is a good example of the general rule that the more sparingly 
soluble an organic thallium salt is the better does it analyse (Found: C, 11-8; H, 1*35. CsHgOgTl. 
requires C. 11-7 ; H, 1-3%). 

Thallous Derivatives of Polyhydric Alcohols. — Sparingly soluble, of definite composition, yellow- and 
darkened by light are trithallium glycerol and tetrathallium erythritol. A typical preparation is the 
following. Tetrathallium erythritol (51-1 g., 71-6%) crystallised after some hours’ standing from a 
solution containing erythritol (9-3 g.), 6N-thalIous formate (50 c.c.), 6N-sodium hydroxide (50 c.c.) and 
water (150 c.c.) (Found : C.6-I0; H,0-76; Tl, 87*0. C4He04Tl4 requires C, 5-13 ; H,0-65; Tl, 87-4%). 
The glycerol compound was prepared similarly (Found : C, 5*18 ; H, 0*70 ; Tl, 87-7. CaHgOaTL require.s 
C, 6*18; H, 0-72; Tl, 87-3%). 

Thallium compounds of ethylene glycol. De Forcrand {Compt. rend., 1923, 170, 20) described 
monothallium ethylene glycol prepared from thallous ethoxide and ethylene glycol as a beautiful 
precipitate closely resembling dehydrated uranium nitrate. He prepared the glycerol derivative, 
C3H5(0H)20T1, similarly but did not report analyses. Chablay (Ann. Chim., 1917, 8, 185) prepared 
dithallium ethylene glycol from monosodium ethylene glycol and thallous nitrate, both dissolved in 
liquid ammonia. According to him, monothailium ethylene glycol is first formed, 2 mols. of whicli 
interact with formation of ethylene glycol and the disubstituted compound. Chablay noted that the 
compound is soluble in water and that the metal can be determined by titration. He also described a 
dithallium mannitol made in the same way. Several preparations have now been made of a yellow- 
substance crystallising from weighed quantities of ethylene glycol dissolved in equivalent amounts of 
aqueous thallous hydroxide. From 2N-solutions yellow crystals were obtained, the mother-liquor from 
which was 0-92 n at room temperature. Analyses indicated that they were a mixture of approximately 
2 mols. of dithallium ethylene glycol with 1 mol. of thallous hydroxide [Found : C, 4-14, 4*00, 3*80; 
H, 0*95, 0-94, 0-85; Tl, 87-7, 88*7. Calc, for CjH402Ti2 : C, 6-12; H, 0*86; Tl, 87-2. Calc, for TlOH : 
C, 0; H, 0-46; Tl, 92-3. Calc, for 2(C2H402T1,),T10H : C, 4-17 ; H, 0-79; Tl, 88*9. Calc, for 
2(C2H40,Tl2),T10H,H20 ; C, 4-11; H, 0-96 ; Tl, 87-5%:). 

Similar results were obtained with pentaerythritol. This alcohol (6 g.) was dissolved in water (20 
c.c.) and filtered hot, and thallous ethoxide (44-6 g. ; 1 equiv. for each hydroxyl group) was also dissolved 
in water (60 c.c.), boiled, and filtered hot ; on being mixed, the solution became yellow, and, on cooling, 

4ir 
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crystals having the appearance of those of thallous hydroxide separated. The whole was then boiled 
down to half bulk. On cooling, a heavy, yellow, sandynowder separated which adhered firmly to the 
sides of the fiask. This was separated with some dimculty and filtered through a weighed Gooch 
crucible, washed with alcohol and ether, and dried in a vacuum over phosphoric oxide for 24 hours 
(Substance^; 18-65 g.) (Found : C, 4-67; H, 0-9; T1 86-96. Calc, for C 5 H 8 O 4 TI 4 : C, 6-32; H. 0 - 86 ; 
Tl, 86-1. Calc, for C 4 H 804 Tl 4 ,T 10 H,H 80 : C, 6-05; H, 0-93; Tl, 86-0%). A further 8-6 g. were 
similarly obtained by adding alcohol to the filtrate (Substance B) [Found : C, 4*82 ; H, 0-93 ; 
Tl (titration), 86-09 ; Tl (iodide), 87-65%]. The substance obtained from ethylene glycol is thus slightly 
less soluble than thallous hydroxide, and that from pentaerythritol slightly more soluble. All three 
solubilities are of the same order, and both alcoholic derivatives appear to form mixed crystals with the 
hydroxide. 

Dithallium trimethylene glycol (23 g, ; 96*3%) was obtained as a light yellow precipitate on adding 
thallous ethoxide (25 g.) in ether to trimethylene glycol (3-8 g.). It was soluble in water but not in 
benzene (Found : C, 7-61 ; H, 1-60; Tl. 84-2. CaHeO^Tlg requires C, 7-46; H, 1-25; Tl, 84-7%). 

The thallous derivatives of the hexahydric alcohols resemble those of the di-, tri-, and tetra-hydric 
alcohols in being yellow and coloured more deeply by light. They differ from them in that they are 
precipitated instantly on mixing the respective solutions and in being amorphous. 

From mixed 2N-solutions containing approximately 1 equiv. of thallous hydroxide for each hydroxyl 
group of inositol (m. p. 225°) a heavy yeUow precipitate of hexathallium inositol was obtained [Found : 
Tl (titration). 87-36. C^HeOeTle requires Tl, 87-6%. CeH^O^Tlg requires Tl, 85-37%. C 0 H 8 O 4 TI 4 
requires Tl, 82-11%]. On adding a slight excess of N-sodium hydroxide to the solution resulting from 
the above titration a similar yellow solid separated [Found : Tl (titration), 83*5%]. From N-solution 
the replacement of hydrogen by thallium is not so complete (Found, for precipitate from inositol and 
J ' 1 cquivs. of TlOH for each hydroxyl group : C, 6-62 ; H, 0-58 ; Tl, 85*75. C 6 H 4 O 4 TI 4 requires C, 56-14 ; 
H. 0-43; Tl, 87-6%. C 4 H 7 O 4 TI 5 requires C, 6 01 ; H. 0 - 68 ; Tl, 85-37%). 

Inositol has no terminal groups which can be oxidised, and of 0-0298 equiv. of thallous hydroxide 
taken in this last experiment 0-0297 equiv. was accounted for by titration of the solid and of the 
mother-liquor. In a comparg.tive experiment using glucose and working in the cold, 7-4% of the 
titratable thallium disappeared; having been neutralised by acid products of oxidation. 

From mannitol and diilcitol and 1 equiv. of thallous hydroxide for each hydroxyl group in 
approximately l-3N-solution, yellow derivatives were obtained containing 85*94 and 84-05% thallium 
respectively by titration (CgHgOaTl*, CeH^OeTla, and C 4 HJ 0 O 0 TI 4 require respectively Tl, 87-45, 85-23, 
and 82-11%). The dulcitol compound is coloured brown by light : the inositol compound is turned 
black. Of the three, the mannitol compound is least changed in colour by light. 

The above observations suggest that the thallous derivatives of secondary polyhydric alcohols tend 
to be less soluble than those of primary, that in the more sparingly soluble derivatives replacement of 
hydroxyl hydrogen by the metal occurs, but that in cases where the solubility is of the .same order as that 
of the hydroxide addition of thallous hydroxide and of water also takes place. In addition to this, as 
pointed out on p. 1 378, complete substitution of hydrogen by the metal does not always occur from 
aqueous solutions in more complicated molecules. I'he derivatives of sucrose, a disaccharide containing 
eight hydroxyl groups, of which three are primary, and of salicin, a phenolic glucoside containing five 
hydroxyl groups of which two are primary, are now discussed in the light of the above remarks, 

(i) A typical preparation of the thallous derivative of sucrose is the following. Sucrose ( 8-8 g.) was 
dissolved in water (8 c.c.), cooled, and mixed with l-275N-aqueous thallous hydroxide solution (68-5 c.c.), 
i.e,, 5 equivs. per mol. of sucrose. After about 2 minutes the mixture became cloudy, and after an hour 
the white solid separating was filtered off at the pump and kept on a tile in a vacuum over sulphuric 
acid, taking 4 days to attain constant weight (22-6 g.) [Found : Tl (titration), 70-7 ; Tl (as iodide), 71-6. 
^' 12 ^ 18 ^ 11^14 requires Tl, 70-7%]. On drying, the solid turned yellow. A sample of thallous hydroxide 
placed in a dry tube at 100° turns black owing to formation of thallous oxide (TIgO), whilst the colour of 
the sucro.se compound is unchanged by this treatment. 

Preparations carried out with 4 equivs. of the hydroxide to one of sucrose gave substances of similar 
appearance but of slightly lower thallium content. For instance, 284-6 g. (yield 71-7%) [Found : 
Tl (titration), 69-9; Tl (as iodide), 68-7%] were obtained from 117-4 g. of sucrose and 4 equivs. of 
l-26N-thallous hydroxide. Higher proportions of the hydroxide did not give rise to a corresponding 
increase of the thallium content, for on treating sucrose with 8 equivs. followed by slow evaporation in 
a vacuum the first crop separating contained 71*2% of thallium, determined as iodide. The carbon 
percentages, however, were low and those for hydrogen high. A nearer approach to the observed 
percentages is afforded by the formula (CiaH« 0 iiTl 3 ) 2 , 3 T 10 H,H 20 or (CiaHi 80 iiTl 4 )a,T 10 H, 3 Ha 0 , 
both adding up to C 24 H 430 g 4 Tl 9 which requires C, 11*13; H, 1*67; Tl, 71-6% (Found, for two typical 
samples ; C, 11-14, 11-67 ; H, 1*98, 1*78; Tl, 70*7, 71-6%) and both similar to the results found for the 
derivatives of ethylene glycol and pentaeiythritol. 

It is of interest to compare these results with those of Mackenzie and Quin (/., 1929, 961) and of 
Percival (7„ 1935, 648). 

(ii) Salicin (3 g.) and thallium hydroxide crystals (9 g. ; 3-9 equivs.) were dissolved separately in 
water, and the solutions mixed and heated ; on cooling and addition of alcohol, 7-6 g. of a light yellow 
substance separated (Found : C, 17-27 ; H, 1-99; Tl, 64-2%), On evaporation of the solution in a 
vacuum desiccator, white crystals separated which turned yellow on drying (Found : C, 17-27 ; H, 1-92 ; 
Tl, 63-6%). The mother-liquor yielded a white precipitate on addition of alcohol. These also turned 
yellow on drying (Found : C, 16-67; H, 1-94; Tl, 63-2. CiaHi 507 Tl, requires C, 17-4; H, 1-66; Tl, 
68-4%. CiaHi 407 Tl„ 2 H.O requires C, 16-73 ; H, 2-06 ; Tl, 66 - 8 %). 

Surgical cotton -wool (1-71 g., dried over phosphoric oxide. Found : C, 42-7; H, 6-18. Calc, for 
cellulose : C, 44-44; H, 6-18%) was placed in l‘52N-thallous hydroxide solution and left for 24 hours. 
The product was then washed repeatedly with alcohol, which converts excess thallous hydroxide into 
the ethoxide which then dissolves in the alcohol. The product was unchanged in appearance but 
became yellow on drying, when it weighed 8-24 g. [Found: C, 9*68; IJ, 1*41; Tl (titration), 73*1; 
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T1 (as iodide), 76*3%]. In another experiment 4*35 g. of the same cotton-wool were boiled with 
l*62N-thallous hydroxide for 16 minutes, washed with alcohol, and dried as before. The dried product 
weighed 17*36 g. [Found: C, 11*29; H, 1*67; T1 (titration), 63*6; T1 (as iodide), 72*4. Dithallium 
cellulose requires C, 12*66; H, 1*41; TT, 71*86%. Trithallium cellulose requires C, 9*32; H, 0*91; 
Tl, 79*41%. (CeH805Tlj}2,T10H,2Ha0 requires C, 10*3; H, 1*52; Tl, 73*26%]. In view of the 

uncertain composition of the cotton-wool used, these results cannot be considered as more than 
indicating a possible point of departure with pure cellulose should this ever prove to be obtainable. 

The basic thallous comp)ounds described above are to be classified as salts, for they are, in the main, 
insoluble in non-hydrolytic solvents and soluble in water ; they are also likely to char on heating without 
melting (cf. Sidgwick and Brewer, 1925, 127, 2379). Thallous methoxide is intermediate. The 
thallous derivatives of the other normal primary alcohols have definite m. p.s and are more soluble in 
organic solvents than in water. The basic salts described, however, do resemble many chelate compounds 
in being stable to alkalis. This property is shared by acetals, and, as was described in Part X, several 
of the dialkylthallium derivatives of /3-diketones are volatile in steam from alkaline solutions. This 
took place much more easily with the derivatives of dipropionylmethane than with those of acetyl- 
acetone. Further, beryllium dipropionylmethane (see below) is volatile in steam in the presence of a 
little ammonia while beryllium acetylacetone is not. It is not clear whether these facts are really 
connected. 

. Beryllium dipropionylmethane is readily made by heating beryllia with the diketone in benzene until 
the distillate is clear, filtering the residue from excess of beryllia, distilling off the benzene, and finally 
distilling the residue in a water-pump vacuum ; m. p. 63° (Found : C, 62-5 ; H, 8*46. Found, after 
distillation in steam, and drying : C, 61*9 ; H, 8*4. Ci4H2204Be requires C, 63*8; H, 8*4%). It closely 
resembles beryllium acetylacetone, but is inconveniently soluble in ether, and is better rccrystallised 
from ligroin. On boiling wdth water containing a little ammonia it distills with the steam essentially 
unchanged. This does not happen with beryllium acetylacetone. 

Action of Air, Light, and Moisture on Thallous Derivaiwes of Cotton-wool, Salicin, and Sucrose. 
(Adapted from a report by E. R. Wiltshire.)— The ob.scrvation that the yellow colour of these compounds 
either appeared on or was intensified by dicing led to an examination of the effect of exposing them to a 
moist atmosphere. Light caused darkening of the first compound. The experiments were therefore 
carried out by leaving the substances over water in closed vessels in the dark. In each case the yellow 
colour was gradually lost. As many of the dialkylthallium derivatives are lighter in colour than the 
corresponding derivatives of the non-alkylated metal, it is reasonable to suppose that this loss of colour 
is due to the attachment of water to the metal. The precipitate, for examiile, obtained by passing 
hydrogen sulphide through a solution of a thallous salt is black, but a white precipitate is obtained from 
dialky Ithallous salts. No information, however, as to the existence of definite hydrates could be 
obtained from the increase of weight, as the absorption of water appeared to continue indefinitely. 
After one month the three derivatives gained 44, 58, and 18%, respectively. 

A similar experiment was then carried out with a thallium derivative of more definite composition. 
Thallous furaarate gained the equivalent of 1 mol. of water after 50 days and of 2 mols. after three months. 
Diethylthallium fumarate gained 3% in 22 days, 1 mol. of water corresponding to 2*4%. In Part II it 
was shown that thallous 2-methylpyridine-3 : 4 : 6-tricarboxylatc gained the equivalent of 1 mol. of 
water in 6 days, after which the weight became constant. 

Exposure of thallium derivatives to a moist atmosphere. In each case, a weighed amount of the 
substance w*as placed on a watch-glass in a receptacle containing water in the dark : 


A. 

Original wt., g 

Increase after 1 month, g. 
,, ,, J month, % 


Thallium 

cellulose. 

0*823 

0*366 

44*47 


Thallium 

salicin. 

0*517 

0*302 

58*4 


Thallium 

sucrose. 

1*967 

0*358 

18*2 


The colour in each case gradually disappeared, and finally darkening began to take place. None of the 
substances came to constant weight. 



Thallous fumarate. 

Diethylthallium 

fumarate. 

B. 

G. 

%• 

ri 0/ 

Ct* 

Original weight 

6*617 

— 

0*699 — 

Increase in wt. after 20 days 

0*144 

2*2 

0*017 3*0 

„ „ „ 50 „ 

0*219 

3*3 

— 

,, ,, ,, 3 months 

Calc, for addition of 1 mol. of HgO 

0*452 

6*8 

— — 

— 

3*45 

2*4 


Constant weight was not obtained, but in each case exposure to the atmosphere quickly caused reversion 
to the original weight. 

Dimethyl- (Found : C, 16*32; H, 2*46. Calc, for CgHi^O^Tl^ : C, 16*46; H, 2*42%) and diethyl- 
thallium fumarates (Found: C, 22*58; H, 3*37. Calc, for C1J5H22O4TI2 : C, 22*6; H, 3*48%) were 
prepared respectively in 52 and 66% yields by double decomposition between thallous fumarate and the 
dialkylthallium iodide in boiling water. 

The Dialkylthallium Tartrates. — These can be prepared by neutralising tartaric acid with aqueous 
solutions of the dialkylthallium hydroxides. 4*196 G. of tartaric acid are theoretically required to 
neutralise 235 c.c. of 0*238N-diethylthallium hydroxide : the weight required lay between 4*1 and 4*19 g. 
The solution was filtered and evaporated to small bulk on the water-bath. The compound is very 
soluble in water. On concentration, four crops were obtained : (1) 3*1 g., (2) 6*95 g. on concentrating 
the aqueous solution. On adding methyl alcohol to the filtrate from crop (2), 3*7 g. were obtained 
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(crop 3), and finally 2*5 g. on evaporating to dryness (crop 4). Crops 2 and 3 were analysed (Found, 
respectively : C, 22-4, 19-2; H, 317, 3-35. Calc, for C„Hj 40 «Tla : C, 21-68; H, 3-63%). 

Treatment of dieihylthallium tartrate with methyl iodide. 2*63 G. of the tartrate were refluxed with 
methyl iodide for 1*7 hours; on removal of the methyl iodide, extraction with ether, filtration, 
and evaporation of the ether, 0-48 g. of syrup was obtained together with 2-9 g. of colourless 
diethylthallium iodide, corresponding to 58*3% of thallium in the diethyl thallium tartrate taken (Calc. : 
Tl, 61*3%). As this was evidence that the methylation did proceed, the preparation was then repeated 
with 11*7 g. of the tartrate. A syrup was obtained which was distilled in a water-pump vacuum; the 
distillate solidified on nucJeation with an authentic sample of dimethyl tartrate (Found : C, 40*86 ; H, 
5*72. Calc.: C. 40-46; H, 6*62%). 

Dipropylthallium tartrate. This can be prepared from normal thallous tartrate and dipropylthallium 
bromide by boiling them together with water. The substance (Found : C, 27*13 ; H, 4*42. C 16^38^6^12 
requires C, 26-34; H, 4*42%) is very soluble both in water and in benzene. Probably connected with 
thi.s is the fact that on evaporating an aqueous solution on a water-bath, crystallation first begins on the 
surface of the solution. This also takes place with solutions of diethylthallium tartrate. This surface 
crystallisation is also characteristic of the dialkylthallium halides, and in their case takes place in a very 
regular pattern (Nature, 1931, 907). The floating crystals are probably visible examples of McBain's 
ionic micelles. 

Attempts to prepare tetrakis-dimethyl-and -diethyl-thallium tartrates by heating tetrathallium 
tartrate with the respective dialkylthallium halide reslted in the formation of the trisdialkylthallium 
tartrates only ; the incomplete substitution which appears in the thallous compounds of more complicated 
substances now occurs in the simple tartaric acid molecule, the effective size of the metal having been 
increased and its strength as an alkali reduced by alkylation. 

Treatment of tetrathallium tartrate with dim.ethylthalHum bromide. 4-82 G. (1 cquiv.) of the tartrate were 
boiled with 6*3 g. (4 equivs.) of the bromide. The .solution was cooled, filtered from thallous bromide, 
and concentrated to small bulk. 0*16 G. of sparingly soluble substance, probably unreacted bromide, 
was filtered off, and then on adding alcohol 2-4 g. of a white precipitate of irisdimethylihallium tartrate 
were obtained [Found (titration) : Tl, 22*8. CiftHgiOgTlg requires Tl (titration), 24-0%]. Another 
portion, washed with alcohol and acetone and dried in a vacuum, contained Tl, 23-4% (by titration). 

Treatment of tetrathallium tartrate with diethylthallium iodide. 12 G. of the tartrate were heated in water 
with excess of the iodide. Two crops were obtained, containing severally Tl, 20*76, 23*16% (by titration). 
On addition of potassium iodide to a solution, diethylthallium iodide was recovered corresponding to 
66*64% of thallium \trisdiethylthallium tartrate, CigHgaOcTlj, requires Tl (total), 66*63; Tl (bv titration), 
21 - 88 %]. 
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257. The Mechanism of the Tautomeric Change of 5-Hydroxy-l : 2 : 3- 
triazole-4c-carboxylic Esters into Aliphatic Diazo-compounds. 

By B, R. Brown and D. El. Hammick. 

Dimroth (Annalen, 1904, 885, 1; 1905, 888, 143; 1910, 378, 336) interpreted the kinetics 
of this reaction as showing that the change takes place in the un-ionised enol molecule. A 
reconsideration of his data indicates that the change is bimolecular, involving a proton and an 
enol ion. The electronic processes involved in the proposed mechanism are deduced from a 
comparison of rate constants for various substituted triazole esters. 


The reaction under consideration is the following ; 




/ 

o=c 


l-H 


R'OjC— C=N=fcN 
(I ; R' = Me or Et.) 


which was established by Dimroth (loc. cit,). Owing to the fact that the enolic triazole tautomer 
is acidic, he was able to study the kinetics of the forward reaction and the equilibrium in 
various solvents. He interpreted his results as showing that the reaction is unimolecular 
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with respect to the enol, and concluded that the change from end to neutral form takes place 
in the un-ionised enol molecule. His evidence (Annalen, 1904, 885 , 60) was the observed pro- 
portionality between the rate in the presence of various concentrations of the sodium salt of 
the enol, and the amount of undissociated enol as calculated from the degree of dissoci- 
ation ** of the sodium salt obtained from conductivity data. His conclusion is invalid on account 
both of this fallacious " degree of dissociation ”, and of the occurrence of an appreciable salt 
effect. 

A reconsideration of Dimroth’s results in the light of more recent ionic and kinetic theory 
shows that the reaction is in reality a bimolecular process involving a hydrogen ion and an 
enol ion. Thus his values {ibid., p. 53) for the rate constants in the presence of water and 
of 0 * 06 n -sodium chloride : 

k (mins.~^) at 50° in water (I ; K = phenyl) = 0'()0128 

k (mins.“i) at 50° in 0-06N-KaCl (1 ; R — phenyl) =: 0*00106 

reveal a negative salt effect and indicate that the reaction is between two oppositely charged 
ions. Also his unimolecular rate constants increase as the concentration of eitlier the hydrogen 
ion or the enol ion increases (ibid., p. 54) ; 

k (mins.-^) at 50° in water (I ; R ~ phenyl) = 0*00128 

k (mins.^^) at 50° in dilute HCl (I; R = phenyl) == 0*00195 


Mols. of Na salt of 
enol : mols. of enol. 

k (mins.-^ 

0: 1 

0*00128 

1 : 1 

0*00195 

2 ; 1 

0*00225 

4 : 1 

0*00267 

8 : 1 

0*00300 


Addition of alkali causes an increased rate of reaction by increasing the concentration of 
enol ion. This fact is remarked upon by Dimroth (ibid., p. 3), and prevents an ordinary 
alkali titration being used to follow the reaction. 

Following up this evidence, Dimroth 's results {ibid., p. 49) for the tautomerism of 
(I ; R = phenyl) in water have been recalculated using a bimolecular rate equation. His 
values {ibid., 1905, 338 , 175; 1904, 335 , 57) for the dissociation constant of this compound in 
•water are : 

K at 25° = 1*6 X 10-2 
K at 50° = 1*3 X 10-2 

whence the value at 40° is estimated at 1*4 x 10“'2. Using these dissociation constants and 
the following equations for the estimation of the enol, 

6(CioH802N3)OH 4- 5KI + KIO 3 = 6(CioH803N3)OK + SH/J -f 31 ^ 
la -f 2 Na 2 S 203 = NagS^Oc + 2NaI, 

the following typical sets of results were calculated : 

25 C.c. of reaction mixture titrated against jbO-thiosulphate {temp., 50°). 

Dimroth's unimol. 


Time 

Titre 

[H — [enol ion]. 

Bimol. k 

constant 

(mins.). 

(c.c.). 

(mols./l.). 

(mols./l. /sec.). 

0-4343A (mins.“^ 

0 

18*55 

0-884 X 10-2 



60 

1710 

0-834 

1*88 X 10-3 

5-89 X 10-* 

120 

15-85 

0-789 „ 

1*94 

5-69 ,, 

180 

14*68 

0-747 „ 

1*92 „ 

5-65 „ 

300 

12-62 

0-667 „ 

2*05 „ 

6-67 „ 

400 

11*13 

0-607 „ 

2-15 „ 

0*54 „ 



Average 

: 1*99 



Average for a similar set at 50° 

: 1-88 ,, 


100 C.c. 

of reaction mixture titrated against yi j 10- thiosulphate {temp., 40*2‘ 

0 

12-77 

0-809 X 10-2 



170 

12-13 

0-779 „ 

4-67 X 10-< 

1-31 X lOr* 

300 

11-70 

0-769 „ 

4*63 ,, 

1*27 ,, 

380 

11-47 

0-748 ,, 

4-46 

1*23 „ 

470 

11-15 

0-732 

4-61 

1*21 ., 



Average 

: 4-67 ,, 
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Mechanism of the TatUomeric Change, etc. 


Whence, 1‘94 x 10*® and ^ x 10-*, both in moIs,/l./sec, Substitution in 

the equation k = gives the following E and PZ values : 

E = 29,660 cals. PZ = 10 + 1’ ® 


It is seen that the PZ value is one normally observed for a reaction between oppositely charged 
ions, viz,, 10+^* to (Bell, 1943, 629), and therefore supports a bimolecular ionic 

mechanism. 

These considerations lead us to suggest the following picture of the tautomeric change : 



(a) 


Evidence that the electronic processes implied in (a) for the decomposition of the transition 
state are rate-determining is obtained by a consideration of the effects of substituents on the 
rate constants and on the equilibrium constants. These wall be expected to parallel the dis- 
sociation constants of the enol, which in turn should i>arallel the dissociation constants of the 
corresponding acids, R'COgH. That the latter is the case is evident from Dimroth's deter- 
mination of the dissociation constants of various enol forms : 


Methyl 

/>-Tolyl 

Phenyl 

^-Bromophenyl 


R-COJL 

(Watson, Modern Theories of Organic 
Chemistry,** 2nd Edibon, 1941, p. 27.) 
T82 X lO-'* 

4-24 
6-27 ,, 

10-7 


Enol. 

(Dimroth, Annalen, 
1905, 388. 175.) 
0'3 X 
10 ,, 

1-6 ,, 

2-0 ,, 


It is seen that the dissociation constants increase with the po’wer of the group) R to accept 
electrons, as expected for the comparable processes : 


R 


R 


and 


R 

R'O.C— C N 


The electronic p) roc esses (a) in the proposed mechanism should likewise be facilitated by acceptor 
groups at R, and hence the rate and equilibrium constants (diazo-compound/triazole) should 
increase in the same order as the ionisation constants, i,e,, wdth the accepting power of R. 
That this does occur is good evidence for the proposed electron shifts. 


Values of K and k in ethyl alcohol at 25®. 
(Dimroth, Annalen, 1910, 373, 349.) 


R. K. k (mins.-M. 

Benzyl 118 0 003 X lO^* 

^-Tolvl 120 0-94 

Phenyl 300 1-02 

^-Bromophenyl 666 4*68 ,, 

/)-Nitrophenyl very large 60-0 

2 : 4-Dinitrophenyl not measurable 100*0 ,, 


Thus Dimroth ’s kinetic data indicate that the reaction has an ionic mechanism, involving 
the attack of a proton on an enol ion, and furthermore, enable the nature of the electronic 
shifts involved to be elucidated with a fair degree of certainty. 


We wish to thank Mr. R. P. Bell, F.R.S., for helpful criticism. 

Dyson Perrins Laboratory, Oxford University. {Received, December Zrd, 1946.] 
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258 . The Absorption, Spectra of 2 : 4r-IHnitrophenylsemicarhazones. 

By A. E. Gillam and D. G. Moss. 

The absorption spectra of new and previously-prepared 2 : 4-dinitrophenylsemicarbazones 
of various aldehydes and ketones are recorded and shown to be, approximately, summation 
curves of the light absorption due to the reagent and that of the chromophore 

R -[CR'=CH]„-CR''=N- 

where w = 0, 1, 2, or 3 and R, R', and R" may be either H or alkyl. The maxima of the 
subtraction curves suffer a steady displacement to longer wave-lengths as the conjugated 
system is lengthened. 

In earlier papers (/., 1940, 1453; 1941, 815; 1943, 565; 1945, 432) light-absorption data on 
carbon compounds containing specific chromophoric groups such as those of unsaturated ketones 
and their semicarbazones and similar derivatives were collected and classified with the object, 
among others, of using the data in the determination of molecular structure. In the present 
communication the absorption spectra of 2 : 4-dinitrophenylsemicarbazones of various carbonyl 
compounds are recorded and an attempt is made to correlate the location of the absorption 
bands with the structure of the compounds 
and especially the length of the conjugated 
system present. 

2 : 4-Dinitrophenylsemicarbazide was 
finst prepared by Kniphorst {Rec. Trav. 
chim., 1925, 44 . 724) who also showed that 
it formed condensation products with 
carbonyl compounds. McVeigh and Rose 
(/., 1945, 713) hav(^ more recently shown 
that it can be used as a means of detec- 
tion and characterisation of aldehydes 
and ketones generally, and have recorded 
the melting points of a number of deriv- 
atives of such compounds. 

The molecules of these carbonyl deriv- 
atives contain two main chromophoric 
units, namely 2 : 4-dinitrophenylsemicarb- 
azide itself and the substituted >C— N"” 
group formed by condensation of the 
carbonyl group with the acti\'e -NHg 
group of the semicarbazide. With a[i-un- 
saturated ketone deri\atives the chromophoric groups are those of the substituted semi- 

1 1 

carbazide. itself and the CRgICH’CRiN- group which is, in effect, the ~C — C — C — N"" 
chromophore normally met with in simple semicarbazones (cf. Evans and Gillam, /., 1943, 565). 
The work of Ramart-Lucas and her various collaborators {Bttll. Soc. chim., 1932, 51 , 289) has 
shown that in a compound having two unconjugated chroniophores the light absorption 
approximates more nearly to a simple summation the more widely separated are the chromo- 
phores in the molecule. Thus in the 2 : 4-din itrophenylsemicarbazones of unsaturated carbonyl 
compounds the two compound chromophores are uuconjugated but not widely separated so 
that complete independence is not to be expected. 

If we compare the absorption curves of the substituted semicarbazones of simple ketones 
with those of the corresponding derivatives of ap-unsaturated ketones and of dienoncs we would 
further expect to find that the summation curves contain a fixed component (the semicarbazide 
chromophore) and one which varies in the location of its band with the length of the conjugated 
system responsible for it. Thus in any observed absorption curve of a 2 : 4-dinitrophenyl- 
semicarbazone if we subtract the known absorption of the reagent the resulting subtraction 
curve should be that of the R — [CR'^:^H]» — CH— N- chromophore (where m = 0, 1, 2, 
3, etc., and R and R' may be either H or alkyl groups). 

The numerical data are given in Table I, whilst Figs. 1, 2, and 3 show the absorption curves 
of only a few of the more t5rpical examples. The occurrence of low-intensity absorption bands 
between 270 and SBOmjj. in some of the subtraction curves is still unexplained, but this does 
not appear to affect the main conclusions. 


Fig. 1. 



Absorption spectra in alcohol : 

I. cycloH exanone 2 : i^-dinitrophenylsemicarhazone. 
II. 2 : 4:-Dinitrophenylsemicarbazide. 

III. Subtraction curve. 
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Table I. 


Spectroscopic Data on 2 : ^-Dinitrophenylsemicarbaeones, 

Subtraction curve. 


Parent carbonyl compound. 
Simple aldehydes and ketones. 

Acetaldehyde 

Methyl ethyl ketone 

Methyl w-propyl ketona 

^;y^/oHexanone 

ap-Unsaturated aldehydes and ketones. 
Mesityl oxide 

3-Methylpent-3-en-2-one 

l-Methylcyc/ohexen-3-one 

Crotonaldehyde 

Dienones, 

^-lonone 

Hepta-3 : 5-dien-2-one 

Aromatic compounds. 

Benzaldehyde 

Acetophenone 

Cinnamaldehyde 

Benzylideneacetone 

Citrylidcnecrotonaldehyde 

2 : 4-Dinitrophenylsemicarbazide 


htaax.t A. 

e. 

htOAX., A. 

8. 


r2286 

19,400 




2640 

12,600 

2326 

8,400 


,3200 

16,600 




2276 

20,000 




2630 

11,800 

2300 

8,800 

1 

,3200 

16,900 




r2280 

19,200 



. 

2660 

11,000 

2300 

8,000 

1 

.3205 

16,800 




[2296 

19,300 




2640 

10,800 

2326 

8,400 

1 

.3206 

16,400 



12600 
• 13220 

22,600 

17,400 

2600 

12,000 

r 2600 
* 13226 

24,000 

16,800 

2610 

13,600 


r 2635 

13235 

29,800 

19,400 

2640 

19,400 

12625 
* 13220 

32.200 

19,100 

2640 

21,800 

. 3076 

40,000 

3000 

27,600 

. 2876 

37,700 

2860 

30,100 

12725 
• 13146 

23,800 

22,300 

2790 

16,600 

12660 
• 13176 

25.000 

20.000 

2650 

14,800 

. 3220 

45,000 

3260 

30,200 

. 3150 

39,700 

3100 

26,300 

. 3290 

41.600 

3360 

28,200 

f 2610 

10,600 

\ _ 


' 13220 

14,900 

/ 



No. of ethylene 
links or equivalent. 


1 


2 


} 3 

} 3i 

4 



Fig . 2. 

Dinitrophenylsemicarhazones (ab- 
sorption spectra in alcohol) : 

I. Crotonaldehyde. 

1 1 . 1 -MethylcycXohexen-Z’One . 

III. Z-Methylpent-6-en-2-one, 

IV. Mesityl oxide. 




Molecular extinction coefficients 
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The subtraction-curve data in Table I show the steady displacement of the mavima to 
longer wave-lengths as the length of the conjugated system in the non-semicarbazide part 
of the molecule increases. This is shown more clearly in Fig. 4. The fact that the two types 
of aromatic carbonyl derivative show displacements which are respectively equivalent to 2J 
and 3J ethylene linkages supports the suggestion of Kuhn, Haiisser, et al. {Z. physikal. Chem,, 
1935, 29, B, 363) that a benzene nucleus in conjugation with one or more ethylene linkages is 
equivalent to IJ of such bonds. 


Fig. 3. 



I. Cinnamaldehyde 2 ; i:-dinitrophenylsemi- 
carhazone. 

II. Reagent. 

Ill, Subtraction curve. 


The validity of the generalisation that two unconjugated chromophores in a molecule 
produce an approximate summation of the effects due to each can be checked within this 
particular series, since the observed absorption of the 2 : 4-dinitrophenylsemicarbazones when 


Table II. 


Comparison of Direct Absorption Data on Semicarhazones with Subtraction Curves via the 

2 : ^-Dinitrophenylsemicarbazones. 


Parent 

carbonyl compound. 

fyc/oHexanone 

Mesityl oxide 

Crotonaldehyde 

1 -Methylcyr/ohexen-3-one. . . . 

0-Ionone 

Hepta-3 : 6-dien-2-one 

Benzaldehyde 

Acetophenone 


Direct absorption spectrum 
of semicarbazone. 


Ati»a.w . A. 

e. 

2295 

11,200 

2600 

12,000 

2645 

24,000 

2655 

25,700 

2995 

45,400 

2900 

37,000 

2825 

19,900 

2715 

17,780 


Subtraction curve via 2 : 4-di- 
nitrophenylsemicarbazone. 


Amax.* A. 

6. 

2326 

8,400 

2600 

12,000 

2640 

21,800 

2640 

19,400 

3000 

27,600 

2850 

30,100 

2790 

16,600 

2650 

14,800 
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corrected for the separate absorption of the reagent itself should yield a subtraction curve 
comparable with the known and directly observed absorption spectra of tlie simple semi- 
car bazones. The available data are given in Table II, and, considering the number of variables 
concerned in obtaining the data, the general agreement is good, being better in terms of location 
of the band than where intensities are concerned. The values for ^-ionone are noticeably 
discrepant in this latter respect. 

EXPliRIMENTAL. 

l-Methykyi:/ohexcn-.3-one was prepared by condensation of formaldehyde and acetoacetic ester 
followed by ring>closiire of the methylenediacetoacetic ester (Knoevenagel, Annalen, 1894, 281 , 94) ; 
b. p. 200". 

3-Methylpent-3-cn-2-one w'as prepared by condensation of acetaldehyde and methyl ethyl ketone 
(Hinkel, 1931, 817). The ketone was crystallised from benzene to constant m. p., but the N content 
was low (Found : N, 19*6. Calc. : N, 2T8%). This might have been due to retention of solvent as 
the spectroscopic data were quite normal. Attempted purification by chromatography gave slight 
evidence of lack of homogeneity, but no increase in purity was in fact achieved. 

»/;-Jonon(t was prepared by conden.sation of acetone and citral (Stiehl, /. pr, Chem., 1898, 58 , 79) and 
crystallised successively from chloroform and chlorobenzene. 

We arc indebted to Dr. E. R, H. Jones for a sample of citrylidenecrotonaldehydc which was isolated 
from the products of the condensation of citral with crotonaldchyde (cf. Batty et al., /., 1937, 756 ; 1939, 
1559). The .specimen used had A^a*. 3140 a.: e — 14,500. 

2 : A-DinitrophenyJsemicarhazones . — These were prepared by dis.solving 2 : 4-dinitrophenylsemi- 
carbazide (0*5 g.) in alcohol (80 ml.) and adding to the boiling solution slightly less than the theoretical 
amount of the carbonyl compound dissolved in the minimum of alcohol. After addition of concen- 
trated hydrochloric acid (2 drops) the solution was boiled for ten minutes after which the precipitated 
derivative was filtered otf. being usually only very sparingly soluble in alcohol even at the boiling point. 
I<'or re.crystallisation chloroform was found to be the most useful solvent and derivatives were 
recrystallised to constant melting point, two or three crystallisations being usually sufficient. All the 
2 : \-dimirophenylsenncarbazones in Table 111 are new except that of methyl ethyl ketone (cf. McVeigh 
and Hose, loc, cit.). 

Table III. 

2 : ^•Diniirophcnyhemicarhazoncs. 

Nitrogen, %. 


Aldehyde or ketone. 

M. p. of deriv. 

Formula. 

Calc, or 
required. 

Found. 

Recrystal- 
lised from : 

Methyl ethyl ketone 

235" (decomp.) 

5 

23*7 

23*7 

Chloroform 

Mesityl oxide 

207 


21*8 

21*4 

Chloroform 

3-Mcthy]pent-3-en-2-one . . . 

236*6 


21*8 

19*6 

Benzene 

1 -Methykyc/ehexen-3-onc 

227-5 

f '14 Hi5G6N5 

21*0 

20*7 

Chloroform 

j/t-Ionoiio 

227 

^ •2ol^2r»G6N5 

16*9 

16*1 

Chlorobenzene 

Hepta-3 : 5-dien-2-one 

240 

f 14^1 

21*0 

20*4 

Alcohol 

Citrylideneorotonaldchyde 

207 (no decoinp.) 

^ 21^21.^6^6 

16*4 

16*1 

Alcohol 


Absorption spectra were determined by standard methods using a Hilger E3 quartz spectrograph 
and a Spekker photometer. Purified alcohol was used as solvent throughout, although the very low 
solubility of the 2 ; 4-dinitrophenylsemicarbazones made this difficult at times. The high intensity of 
absorption in some cases made it possible to use very dilute solutions for the determination, and the 
concentrations usually ranged between 0*03 and 0*003% only. The solutions were made by dissolving 
2 — 3 mg. of tlie compound in hot alcohol, cooling, and making up to suitable volume, e.g,, 100 ml. 
All determinations were made in duplicate, the A,„a,. and Zmtux. values being taken from the mean 
curves. 

Our thanks arc due to Miss McVeigh and Dr, F. L. Rose for specimens of a number of the compounds 
examined. 

The Vniversity of Maijchester. [Received, December 19/A, 1946.] 


259 . The Naphthidine TransformMion involving ^-Positions only. 

By Herbert H. Hodgson, John Habeshaw, and P. B. R. Murti. 

1 : V-Dichlofo- and 1 : V-(libromo-2 : 2'^diamino-Z : -dinaphthyl are most probably formed 
in the reduction of 1 : I'-dichloro- and I : l'’’dibfomo-2 : 2'-azonaphthalene by stannous chloride 
in ethyl alcohol-hydrochloric acid solution. l-Bromo-2-naphthalenediazoacetate decomposes 
at ordinary temperatures to give \-bromo-2-naphthaleneazQ-^naphihol. 

The naphthidine transformations already reported have involved a- and ap-positions only 
(Nietzki and Goll, Ber., 1886, 18, 3254; Vesely, Bet., 1905, 88, 136; Meisenheimer and Witte, 
Bet., 1903, 36, 4153; Hodgson and Habeshaw, this voL, p. 77). It is of interest also that. 
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in the transformation of 1 ; I'-hydrazonaphthalene, the 2- and 4-positions exhibit approximately 
equal activity (cf. Hodgson and Habeshaw, loc. cit.) while no mixed 1 : l'-diamino-2 : 4'-dinaphthyl 
has ever been detected among the transformation products. No change involving the 2 : 3- 
(i.e., solely p-positions) transformation has hitherto been reported, and, in view of the fact that 
among the possible resonance structures of a 1 : 1 '-substituted -2 : 2'-hydrazonaphtlialene there 
is one (I) which indicates that such a change might be possible, it appeared of interest 


R 


R 


\A/ 




(I) 


to investigate whether this 2 : 3-naphthidine change would occur in the cases of 1 : I'-diohloro- 
and 1 : l'-dibi‘omo-2 : 2'-hydrazonaphthalenes (I ; R = Cl or Br) since such compounds might 
be formed intermediately by the action of stannous chloride in ethyl alcohol-hydrochloric acid 
suspensions of 1 : I'-dichlon)- and 1 : V-dihromo-^ : 2'-azonaphthalenes (cf. Cohen and Oesper, 
Tnd. Eng. Chem. Anal., 193G, 8, 30C). 

As anticipated, dinaphthyl formation occurred and in all probability 1 : V-dichloro- and 

1 : V'-dibromo-^ : 2'-dianiino-*<ii : W ‘dinaphthyls were formed, so that the napbthidine trans- 
formation had taken place between p-positions onl}'. When the reduction of the above 
halogeno-azo-compouiids was carried out with stannous chloride and hydrochloric acid in the 
absence of ethyl alcohol, cleavage occurred between the nitrogen atoms of the azo-group, and 
1-chloro- and l-bromo-2-naphthylamine were formed respectively. The constitutions of the 
above dinaphthyls were tentatively established by the fact of dihydiochloridc formation in the 
cases of the chloro- and bromo-compounds, and of the tetrazotisation of the 1 : I'-dibromo- 

2 : 2'-diamino-3 : 3'-dinaphthyl and subsequent coupling with alkaline p-naphthol to give a 
bisazo-compound. Since halogens were not displaced, it is most unlikely that dinaphthyl 
formation would involve the 4 : 4'- positions. 

When a solution of l-bromo-2-naphthalcnediazoacetate was allowed to decompose at ordinary 
temperatures, l-bromo-^-naphthalcneazo-^-naphthol was produced, an indication that 
l-bronio-2-naphthol must first have been formed, by hydrolysis of tb.e diazoacetate, and that 
unchanged diazo-com pound subsequently coupled with it in the 1-position by displacement of 
the 1- bromine atom. 


Experimental. 

1 ; V-Dichloro-^ : 2'-diaminO‘Z : -dinaphthyl. — I : T-Bichloro-2 : 2'-azonaphthalene (5 g.) (compare 
Hodgson, Leigh, and Turner, 1942, 744) was boiled gently with ethyl alcohol (50 c.c.) and a solution 
of crystallised stannous chloride (10 g.) in hydrochloric acid (25 c.c., d T18) added gradually with 
shaking. During this addition, all the solfd passed into solution, and, after the mixture had been kept 
on the boiling water-bath for 10 minutes, it was cooled and then tn^ated with hydrochloric acid (25 c.c , 
d 1T8) ; \ V-dichloro-2 \ 2' -diamino~Z -dinaphthyl dihydrochloride then separated (1-0 g.) in 
colourless crystals which were filtered off and washed with etlier; it was soluble in w-ater, evolved 
hydrogen chloride on treatment with concentrated sulphuric acid with formation of a yellow solution, 
and decomposed on heating at ca. 400° (Found : Cl, 33*2. CaidliBNgCb requires Cl, 33*3%). 

1 : V-i)ichloro-2 : 2'-diamino-2 : ^'-dinaphtkthyl was obtained as a white flocculent precipitate, which 
coagulated somewhat on standing and became biscuit coloured, when w’^arm aqueous sodium carbonate 
was stirred into a warm aqueous solution of the above dihydrochloride ; it was filtered off, washed, dried, 
and crystallised from benzene-light petroleum (1 : 1) in small colourless needles, m. p. 121 — 122° (Found : 
N, 8*1; Cl, 19*8. C 20 H 11 N 2 CI 2 requires N, 7*9; Cl, 20*1%), which soon became discoloured in air and 

were moderately soluble in ethyl alcohol ; the alcoholic solution, however, rapidly oxidised and became 
reddish-violet, a red film forming on the wall of the glass container. 

Preparation of \-BromO‘2‘naphihylamine. — A solution of ^-naphthylamine (28 g.) in glacial acetic 
acid (200 c.c.) containing acetic anhydride (25 c.c.) was heated on the boiling water-bath for 20 minutes 
to complete the acetylation, and then treated dropwise with the theoretical amount of bromine (32 g.) 
during continuous stirring. The resulting l-bromoaceto-2-naphthalidc was precipitated by dilution 
with water in quantitative yield, the precipitate dissolved in alcohol (250 c.c.), hydrochloric acid (30 
c.c., d T18) added, and the mixture boiled for 6 hours to complete the hydrolysis ; 1 -bromo- 2-naphthyl - 
amine was then precipitated by addition of 20% aqueous sodium hydroxide, purified by cry.stallisation 
from light petroleum, and obtained in colourless needles, m. p. 63° (Cosiner, Ber., 1881. 14, 59, gives 
m. p. 63°) (Found : Br, 35-8. Calc, for CjoHgNBr : Br, 36 0%). 

l‘Bromo-2-naphthaleneazo-p-naphthol, obtained by diazotisation of the above amine and coupling 
wdth alkaline j3-naphthol in the usual way, crystallised from toluene in dark red parallelepipeds, m. p. 
169—170° (Found: N, 7-5; Br, 21*0. CjoHiaONaBr requires N, 7*4; Br, 21*2%), which gave with 
concentrated sulphuric acid a bright red-violet colour turning to crimson on dilution with water. 

l‘Bromo-2-naphthaleneazo-p-7iaphthylamine, obtained by diazotisation of tlie above amine in aqueous 
hydrochloric acid and coupling with an alcoholic solution of ^-naphthylaminc in the presence of acetic 
acid and sodium acetate (cf. Hodgson and Foster, /., 1941, 765), crystallised from toluene in scarlet 
plates, m. p. 174—176° (Found : N, 11*3; Br, 20*8. C 2 „H, 4 NsBr requires N, 11-2; Br. 21*0%), which 
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gave with concentrated sulphuric acid a blue colour turning to red and then to orange-yellow on addition 
of water. 

1 : V-Dihfomo‘2 : 2' -azonaphthalene, — A mixture of finely divided l-bromo-2-naphthylamine (6 g.) 
in hydrochloric acid (25 c.c., i 1-18) and water (60 c.c.) was diarotised by addition of a solution of sodium 
nitrite (2 g.) in water (10 c.c.) with stirring at 0**, the resulting yellow solution filtered, treated rapidly 
under vigorous stirring with crystallised sodium acetate (40 g.) dissolved in the minimum amount of 
water to remove mineral acid, and then immediately followed by a solution of crystallised sodium 
sulphite (10 g.) in water (60 c.c.). A light brown precipitate immediately separated (6*7 g.), and after 
the mixture had been stirred for 30 minutes at room temperature, when no further reaction of 
the precipitate with alkaline j8-naphthol was detected (absence of diazo-sulphite, cf. Hodgson and 
Marsden, /., 1943, 470), it was heated to 60® and filtered. The precipitate of 1 : V-dibromo-2 : 2'- 
azonaphthalene crystallised from benzene in yellow plates, m. p. 193 — 196® (Found : N, 6*6; Br, 36-2. 
C 2 oHiaN 2 Br 2 requires N, 6-4; Br, 36*4%), which gave with concentrated sulphuric acid a Bordeaux-red 
solution turning to scarlet on addition of water. 

When the solution of 1-bromonaphthalenediazonium chloride above was treated with sodium 
acetate only, l-bromo-2-naphthaleneazo-/J-naphthol separated on keeping ; it crystallised from toluene 
in red parallelepipeds, m. p. and mixed m. p. with authentic specimen 168 — 170® (Found : N, 7*5; Br, 
21*0%). If an inadequate amount of sodium acetate is added before the sodium sulphite, the resulting 
1 : l'-dibromo-2 : 2'-azonaphthalene is mixed with the azo-jS-naphthol dye above. 

1 : V-Dibromo-2 : 2'-diamino-S : S'-dinaphihyl. — A suspension of 1 : l'-dibrorao-2 : 2'-azonaphthalene 
(5 g.) in ethyl alcohol (50 c.c.) was heated on the boiling water-bath during the gradual addition with 
vigorous shaking of a solution of crystallised stannous chloride (10 g.) in hydrochloric acid (26 c.c., d 
1*18), and the boiling continued (30 minutes) until most of the suspended matter had passed into a nearly 
colourless solution. The mixture was filtered hot, cooled, hydrochloric acid (20 c.c., d 1*18) added, the 
precipitate (a) filtered off, and the solution kept; crystals (6) of 1 : V-dibromo-2 : 2'-diamino-S : 3'- 
dinaphthyl dihydrochloride then separated. Crystals {h) were filtered off and washed with ether (Found : 
Ionic Cl, 13*6. CjoHj4N2Br2,2HCl requires Cl, 13*8%). Precipitate {a) and crystals (b) were repeatedly 
stirred with hydrochloric acid (5 c.c., d 1*18) and water (10 c.c.), aqueous sodium nitrite was added until 
a positive reaction for free nitrous acid was obtained, the mixtures were filtered, and the resulting 
solutions of 1 : l'-dibromo-3 : 3 '-dinaphthyl-2 : 2'-tetrazonium chlorides were stirred into alkaline 
j5-naphthol ; in each case 1 : 1'-dibromo-S : -dinaphthyl-2 : 2'-bisazo-^-naphthol separated ; this compound 
crystallised from toluene in red micro-plates, m. p. 315® (Found : N, 7*6; Br, 21*1. C4oH2402N4Br2 

requires N, 7*4; Br, 21*3%), which give a brilliant blue-violet colour with concentrated sulphuric acid. 

The dihydrochloride [crystals (6) above] was cautiously decomposed with sodium carbonate or 
ammonia at about 60® ; the resulting base crystallised from toluene-light petroleum in minute colourless 
needles, ra. p, 117° (Found : N, 6*5; Br, 36*0. C 24 Hi 4 N 2 Br 2 requires N, 6-3; Br, 36-2%). 

The authors are indebted to Imperial Chemical Industries Ltd., Dyestuffs Division, for various gifts. 

Technic A i.. College, Huddersfield. [Received, December 19fA, 1946.] 


260 . The Repkuxment of the Diazonium hy the Nitro-group. Part III. 
Decompositions hy Cupro-cupri Sulphite. 

By Herbert H. Hodgson, A. P. Mahadevan, and Edward R. Ward. 

Solid aryldiazonium sulphates are first prepared and their aqueous solutions decomposed by 
cupro-cupri sulphite suspended in saturated aqueous sodium nitrite, yields up to 65% of 
nitro-compound being obtained. The precipitate obtained by addition of aqueous sodium 
sulphite to aqueous copper sulphate appears to be more efficient than the red-violet variety 
hitherto used. The method is useful for the preparation of rare dinitronaphthalenes of which 
six examples are given. 

The solid diazonium sulphates obtained by the general method of Hodgson and Mahadevan 
(this vol., p. 325) are readily decomposed when added either in aqueous solution or in solid form 
to a saturated solution of sodium nitrite containing cupro-cupri sulphite in suspension (cf. 
Hantzsch and Blagden, Ber., 1900, 88, 2544; Contardi, Annali Chim. AppL, 1923, 7, 13) to 
give excellent yields of the corresponding nitro-compounds. In particular, the method has 
proved to be exceedingly serviceable for obtaining the rarer dinitronaphthalenes in excellent 
yield and purity, and has also worked satisfactorily with benzidine, 3 : 3'-dinitrobenzidine, and 
3 : 5-dinitro-^-toluidine. The cupro-cupri sulphite used was prepared by the addition of 
aqueous sodium sulphite to an equivalent amount of aqueous copper sulphate, and the greenish 
yellow-brown gelatinous precipitate, when washed free from excess of either component, was 
stirred as a slurry into the saturated aqueous sodium nitrite. So prepared, this variety of 
cupro-cupri sulphite appeared to be more efficient than the red-violet crystalline precipitate 
obtained by the addition of aqueous ammonium sulphite saturated with sulphur dioxide to 
warm aqueous copper sulphate and raising the temperature to 90° for 10 minutes (Mellor, 
“ A Comprehensive Treatise on Inorganic and Theoretical Chemistry Vol. X, pp. 273 — 277). 
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The preparation of some solid diazonium sulphates {e.g., that from 3-nitro-^-toluidine) involves 
the use of minimum amounts of acetic and sulphuric acids, and for this purpose the inverted 
diazotisation procedure of Hodgson and Walker (cf. Hodgson and Turner, 1943, 86) has been 
used, viz., a solution of the amine in the minimum amount of concentrated sulphuric acid is 
treated with solid sodium nitrite and the mixture stirred into glacial acetic acid ; with 

3- nitro- and 3 : 5-dinitro-^-toluidine, the temperature could safely be allowed to reach 40® during 
the addition of the sodium nitrite without loss of yield of the resulting diazonium salt. 

Usually, the solid diazonium sulphate, after precipitation by ether from the diazotisation 
medium, is dissolved in water at 0® before the cupro-cupri sulphite treatment, but it is essential 
first to remove admixed acid from it by washing with alcohol or ether or both. When the.se 
precautions are observed, 2-nitro-l- and l-nitro-2-naphthylaminc, which require the glacial 
acetic-sulphuric acid method (Hodgson and Walker, /., 1933, 1620) for their diazotisation, 
afford the respective diazonium sulphates, the former of which readil^r dissolves in cold water ; 
both form solutions which remain stable for periods of time amply sufficient for the subsequent 
manipulation. If, instead of first isolating the solid diazonium sulphates, the solutions of these 
diazonium salts as prepared by the Hodgson and Walker method {loc. cit.) are diluted with water 
and then neutralised before the cupro-cupri sulphite treatment, diazo-oxide formation occurs 
rapidly and no dinitronaphthalene can be obtained (cf. Vesely and Dvorak, Bull. Soc. chim., 
1923, 38, 319, who failed to obtain 1 : 2-dinitronaphthalene from l-nitro-2-naphthylamine 
from this cause). 

The co-prccipitatit)n of sodium sulphate in almost anhydrous form with the solid diazonium 
sulphate proliably accounts for the separation of the latter in a satisfactory crystalline state free 
from the stickiness usually encountered in the ordinary mode of diazonium salt isolation, since 
any water present will be bound by the sodium sulphate. 

Addition of solid diazonium sulphate to the decomposition medium is not usually satisfactor 3 % 
owing to formation of tar, probably because of local overheating during decomposition, while 
the tendency for hydroxylic by-products (phenols or naphthols as indicated by di.ssolution in 
alkalis), or small amounts of azo-compounds (as indicated by colour reactions) is enhanced. 

It has been found that aryldiazonium cobaltinitrities (cf. Hodgson and Marsden, J., 1944, 
22) can be satisfactorily decomposed by adding them in aqueous suspension to the aqueous 
cupro-cupri sulphite-sodium nitrite mixture. Incidentally, steric hindrance appears to retard 
the formation of diazonium cobaltinitrites, for whereas tetrazotised 4 : 4'-dichloro-3 : 3'-diamino- 
diphenyl eventually affords an 85 — 90% yield of its tetrazonium cobaltinitrite, the formation is 
slow compared with that of tetrazotised benzidine. 

It is of interest that the colours of 2-nitronaphthalene-l-diazonium sulphate and of 

1- nitro-2-diazonium sulphate are yellow-orange and red-orange like those of the parent 

2- nitro-l- and l-nitro-2-naphthylamines. 

Contardi and Mor (Rend. 1st. Lamb. Sci. Lett., 1924, 57, 646; Annali Chim. Appl., loc. cit.), 
from a study of the replacement of the diazonium by the nitro-group for more than 40 different 
amines, conclude that the introduction of the nitro-group is facilitated when nitro-groups or 
halogens are present in the nucleus of the amine, and this is in accord with the viewpoint of 
Hodgson, Leigh, and Turner (/., 1942, 744) who postulated the ease of replacement of the 
diazonium group to depend on the positivity of the carl>on atom to which the diazonium group 
is attached, viz., the greater the positivity, the readier the replacement by halogens or the 
nitro-group, and the less the positivity, the greater the proneness to attack by anionoid water 
with replacement of the diazonium by the hydroxyl group and formation of phenols or naphthols. 
The reactivity of cupri-salts for replacement of diazonium by nitro-groups as found by Contardi 
et al., and also by Hodgson and Marsden {loc. cit.) for the decomposition of aryldiazonium 
cobaltinitrites, is evidence which supports the interpretation of the Sandmeyer reaction given 
by Hodgson, Birtwell, and Walker (/., 1941, 770; 1942, 720). 

Experimental. 

General Decomposition Procedure as indicated by the Preparation of 1 : ^-Dinitronaphthalene. — 
Powdered sodium nitrite (10 g.) was stirred into sulphuric acid (60 c.c., d 1-84), and the mixture treated 
gradually below 20® (external cooling) with a solution of 4-nitro-l-naphthylamine (10 g.) in glacial acetic 
acid (100 c.c.), and subsequently stirred for 20 minutes. Ether (700 c.c.) was next stirred into the 
solution at 0°, the mixture kept for 1 hour, the crystalline precipitate (by scratching) of 

4- nitronaphthalene-l-dia2onium sulphate filtered off, washed free from acid with ether, and dissolved in 
water (100 c.c.), and the solution stirred slowly into the mixture of cupro-cupri sulphite prepared as 
follows. An aqueous solution of crystallised sodium sulphite (50 g.) was stirred into one of c^stallised 
copper sulphate (50 g.), and the greenish yellow-brown precipitate filtered off, washed with water, 
ground into a slurry with water, and then stirred into a mixture of sodium nitrite (100 g.) in water (400 
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C.C.). Decomposition was very rapid (cf. Hantzsch and Blagden, loc. cit.), and foam was broken 
periodically by addition of small amounts of ether ; after 1 hour’s stirring, when most of the inorganic 
matter has passed into the dark green solution, the precipitate of crude 1 : 4~dinitronaphthalene was 
filtered ofi, washed in the sequence, water, dilute sodium hydroxide, and water, dried, and crystallised 
from aqueous methyl alcohol from which it separated in pale yellow needles, m. p. 133*6® (Hodgson and 
Hathway, 1946, 463, give m. p. 134®) (Found : N, 13*0. Calc, for : N, 12*3%) ; or, it 

can be purified by steam distillation, which for this compound is a rather slow process. Yield of pure 
1 : 4-dinitronaphthalene, 7*6 g. {ca, 66%). Usually, where a readily volatile nitro-compound is formed, 
the steam method of removal is the more convenient. 

Estimation of Yield of Diazonium Sulphate. — The solution of the diazonium sulphate in water was 
made up to a definite volume, an aliquot portion stirred into the alkaline j8-naphthol, the precipitated 
arylazo-/3-naphthol removed, washed, dried, and weighed, and the corresponding amount of aryl- or 
naphthyl-diazonium sulphate calculated. 

Preparation of 3 : 3' : 4 : 4:'-Tetranitrodiphenyl. — 3 : 3'-Dinitrobenzidine (6 g.) was dissolv^ in 
sulphuric acid (25 cx., d 1-84), powdered sodium nitrite (6 g.) added gradually below 40°, and the mixture 
stirred below 20° into glacial acetic acid (50 c.c.) ; after 30 minutes, ether (200 c.c.) was added at 0®, the 
mixture kept for 1 hour, and the precipitated solid tetrazonium sulphate filtered off and dealt with as 
by the general method. The crude 3 : 3' : 4 ; 4'-tetranitrodiphenyl was filtered off, washed with water, 
dilute sodium hydroxide, and finally with water, dried, extracted with boiling toluene (250 c.c.), and the 
extract concentrated to 25 c.c. ; 3 : 3' : 4 : 4'-tetranitrodiphenyl crystallised out, m. p. 188 — 190®, and 
separated subsequently from boiling 80% acetic acid in clusters of yellow needles, m. p. 191 — 193® 
(Ullinann and Bielecki, Ber., 1901, 2129, give m. p. 186°) (Found : N, 16*9. Calc, for Cj2Hg08N4 : 

N, 16*8o/o). 

Preparation ofZ:^: 5-Trinitrotoluene. — Solid so<iium nitrite (5 g.) was stirred into sulphuric acid 
(25 cx., d 1-84), and 3 : 6-dinitro-^-toluidine (5 g.) was stirred below 40° into this mixture, which was 
then added gradually below 20° to glacial acetic acid (50 cx.). After 30 minutes, ether (200 c.c.) was 
added at 0°, and the precipitated diazonium sulphate dealt with as above. After decomposition, the 
crude 3:4: 5-trinitrotoluene was extracted thrice with boiling toluene (150 c.c. in all), and the extract 
concentrated to 15 c.c. ; magnificent monoclinic needles of an almost pure product separated (1*3 g., 
m. p. 135°) (KOrncr and Contardi, Atti R. Accad. Lined, 191.5, fSj, 24, 892, give m. p. i37*6®) (Found: 
N, 18-7. Calc. forC^HgOeNs: N, 18*5%). 

Yield of pure 
compound (%). 

(a) (5) With 

With red- violet 


Amine taken. 

Nitro-compound formed. 

slurry. 

solid. 
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261. The Reaction between Acetone and Ammonia : The Formation 
of Pyrimidine Gom^pounds Analogous to the Aldoxans of Spath. 

By R. B. Bradbury, N. C. Hancox, and H. H. Hatt. 

The reaction of acetone with ammonia can be conducted to give 90% yields of the 
monohydrate of 2 : 2 : 4 : 4 : 6-pentamethyl-2 : 3 : 4 : 5-tetrahydropyrimidine, which is readily 
dehydrated to the anhydrous base. By reduction with sodium in alcohol it gives the 
corresponding hexahydropyrimidine, and with aluminium amalgam an open chain primary- 
secondary diamine, CpHgjNj* The hexahydropyrimidine is hydrolysed with extreme ease to 
2 : 4-diamino-2-methylpentane and acetone. 

The mechanism of the formation of (II) is discussed in the light of its synthesis from 
mesityl oxide, acetone, and ammonia, and its quantitative hydrolysis to diacetonamine. 
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Mesityl oxide and ammonia can be condensed to produce a substituted tetrahydropyrimidine 

analogous in structure to paraldol. 

Diacetonamine and triacetonamine can both be obtained from the reaction of acetone with 
ammonia followed by acidification of the reaction products, and Heintz {Annalen, 1874, 174, 
133) first showed that triacetonamine was produced if the reaction mixture was heated, but that 
at room temperature diacetonamine was the chief product. The preparation of these compounds 
has since been improved by the use of calcium chloride to hasten the absorption of ammonia 
and to assist in the removal of water (Everest, 1919, 115, 588; Francis, /., 1927, 2897). 
Further Suzuki and Horie {Bull. Inst. Phys. Cheni. Res. Japan, 1932, 11, 383) have found that 
the formation of diacetonamine was catalysed by ammonium salts, especially the nitrate and 
nitrite. Other compounds have been obtained from this reaction. Hock and Stuhlmann 
(Ber., 1928, 61, 470) by working at low temperatures isolated a compound C 3 H 9 ON which, 
as it decomposed at room temperatures into acetone and ammonia, they regarded as the initial 
product of the reaction analogous to aldehyde-ammonia. Patterson and McMillan (/., 1921, 
119, 267) found that after a protracted reaction period a compound CgHgoONg could be obtained 
by cooling, t(j which they assigned structure (I). It has not hitherto been further investigated. 

We have now found that, by the use of ammonium chloride and calcium chloride as catalysts, 
this compound is formed in 90% yield from acetone in 24 hours. From examination of its 
properties we conclude that it is a hydrate of 2 : 2 : 4 : 4 : C^-pentanicthyI2 : 3 : 4 : Metrahydro- 
pyrimidine (TI) to which it can be readily dehydrated over sodium hydroxide or sulphuric acid, 
or by distillation alone or with benzene as enlrainer. The anhydrous base readily absorbs 
water to re-form the hydrate, and the facility of these changes is evidence for the hydrate 
structure assigned rather than the possible alternative (III). It seems possible that (I I) may be 
identical with the compound CoH^gNj named “ acetonin ” by Stadelcr [Annalen, 1859, 111, 
305; Mulder, ibid., 1873, 168, 229). 

The V)ase (II) is readily hydrolysed by boiling water to mesityl oxide, acetone, and ammonia, 
and by oxalic acid to ammonium and diacetonamine hydrogen oxalates and acetone. I'he 
observed molecular refraction (47*8) of the anhydrous base agrees well with the value calculated 
for structure (II) (47*84). Further support to this structure is given by the observation that 
both (II) and its hydrate are reduced by sodium and alcohf)! to 2 : 2 : 4 : 4 : (\-pcntamethyl- 
hexahydropyrimidine (IV) and that a diamine of structure (V) or (\T) is produced by the action 
of aluminium amalgam on (II), its hydrate, or (IV). 

Me Me 



Tlie pentamethylhexahydropyrimidine (IV) is hydrolysed more readily than the parent 
hexahydropyrimidine, first described by Titherley and Branch {] ., 1913, 103, 330), yielding 
2 : 4 -diamino- 2 -methylpentane and acetone rapidly with dilute acids and slowly with water 
alone. Although it is readily converted into open chain compounds, there is no evidence for 
the co-existence of the Schiff’s base (VII), for, unlike hexahydropyrimidine, (IV) distils without 
the formation of a resinous polymer and the observed molecular refraction (48*7) agrees closely 
with that calculated for (IV) (48*77). 

Ease of ring fission in the methyl-substituted hydropyrimidines doubtless accounts in part 
for failure to prepare acyl derivatives, which the presence of imino- and hydroxyl groups in (II), 
(III), and (IV) suggests as possible. Titherley and Branch (loc. cit.) obtained the dibenzoyl 
derivative of hexahydropyrimidine by nornial Schotten-Baumann procedure, but from (II) and 
its hydrate we obtained only iST-benzoyldiacetonamine and from (IV) only 2 : A-dibenzamido-^- 
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methylpentane. 4:4: ^-Trimethylhemhydropyrimidine has been synthesised and shows 
intermediate properties, giving a little of its dibenzoyl derivative together with much 
2 : 4-dibenzamido-2-methylpentane. Failure to acylate can be viewed as evidence for the 
hydrate structure rather than (III), for the imino-group in (II) is sterically almost identically 
placed with the imino-group of triacetonamine, which forms a hydrate and a nitroso-derivative, 
but so far has not been benzoylated. Actually (II) reacts with nitrous acid and gives a 
compound of the expected composition, C0H17ON3, but the yield is small and the properties are 
abnormal. 

The hydrate of (II) can by synthesised from mesityl oxide, acetone, and ammonia, thus 
reversing the hydrolysis with acids and suggesting that formation from acetone proceeds by 
way of diacetonamine and not through the hypothetical intermediate, CMe2(NH2)*CMe2*OH, 
proposed by Patterson and McMillan. The preparation of diacetonamine from acetone and 
ammonia by the method of Everest therefore involves the formation of the hydrate, followed by 
its hydrolysis with oxalic acid, the scheme being : 

Acetone -f Ammonia — y Diacetonamine > Hydrate of (II) ^Diacetonamine. 

Acetone and' Ox^ic 

ammouia acid 

Presumably (II) is also an intermediate in the formation of triacetonamine. 

The strong catalytic action of ammonium salts in the formation of (II) can be attributed to 
their acidic character in a mixture of acetone and ammonia. In support of this view, 
trimethylammonium chloride, which can still donate a proton, exhibits a like powerful catalytic 
action, whereas tetramethylammonium chloride, being unable to react in this way, has an 
action even weaker than calcium chloride. These catalytic effects must apply mainly to the 
initial formation of diacetonamine, for the hydrate of (II) is formed readily from diacetonamine, 
acetone, and ammonia in absence of a catalyst. 

An analogy is apparent between the suggested mechanism for the reaction between acetone 
and ammonia and that given by Spath for the formation of aldoxan (VUl) by condensation 
of acetaldehyde 1943, 76, 57). The reaction between mesityl oxide and ammonia provides 
a further analogy. When the ammonia used is in excess of that needed to form diacetonamine, 
a compound of the formula C12H25N3 forms slowly. To this is assigned structure (X), closely 
analogous to the structure (IX) determined by Spath for paraldol. Like the substituted 


OH 

OH 

1 

Me 

1 

HgC/ \o 

(VIII.) 

c!:h 

HjC/ \o 

1 1 

Me-HC\^ ^CH-CH2-CH(OH)*Me 

(IX.) 

1 

C 

HX/ Vv 

1 i/Me 

CH,-CMe,-NH. 

(X.) 


tetrahydropyrimidine (II), this 2:4:4: Ky-tetraniethyl-'2-[2-aminovs,obutyiy2 : 3 ; 4 : Metrahydfo- 
pyrimidine is readily reduced to the corresponding substituted hexahydropyrimidine. It forms 
no hydrate, but, like (II), is unstable in the presence of acids, which cause reversal of the above 
synthesis and give ammonium and diacetonamine hydrogen oxalates as the chief products of 
decomposition. 

Diacetonamine is conveniently prepared from the hydrate of (II), a yield of 93% being 
obtained by boiling with alcoholic oxalic acid. This represents a yield of 56% based on the 
acetone used to make the hydrate and compares favourably with the 37 — 42% reported by 
Everest (loc. cii.), in which allowance was made for recovered acetone, and with the 70 — 75% 
yields from mesityl oxide (Org. Synth., VI, 28; Smith and Adkins, J. Amer. Chem. Soc., 1938, 
60, 407). The synthesis of 2 : 4-diamino-2-methylpentane from acetone through the hydrate 
of (II) and (IV) comprises three steps all with yields exceeding 80%, and is preferable to the 
preparation from acetone proceeding through mesityl oxide, diacetonamine, and its oxime. 

Experimental. 

(All melting points are corrected.) 

2 : 2 : 4 : 4 : %-Pentamethyl‘2 : 3 : 4 : b-tetrahydropyrimidine Hydrate. — (a) Acetone (290 g., 5 mol.), 
calcium chloride ('* A.R. dried ", 40 g.), and ammonium chloride (10 g.) were cooled in an autoclave to 
— 46®, and liquid ammonia (110 g., 6*6 mol.) was added. After 24 hours* stirring at room temperature, 
the solid product was melted by gentle warming (40®), and the top layer separated, allowed to solidify, 
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and dried on porous plates (yield, 252 g. ; 88%). This material is almost pure, but the small amounts of 
ammonium and calcium chlorides present can be removed by crystallisation from ether. 

The amounts of ammonia, ammonium chloride, and calcium chloride stated above are the least for a 
good yield, and the use of larger amounts does not perceptibly affect the yield. When the reaction time 
is prolonged to 3 days the yield is increased by 1 — 2%. 

With acetone and ammonia alone the reaction mixture remains liquid for months, although some 
hydrate is formed and crystallises out on cooling to — 40°. Thus after 7 days a 17% yield is obtained. 
In presence of ammonium chloride the hydrate forms rapidly, but the solid reaction product does not 
separate into two layers when melted, and removal of ammonium chloride requires extraction with ether. 
With calcium chloride alone the yield is smaller even with a longer reaction period. The product, however, 
forms two liquids ; the lower, containing the calcium chloride and water, is easily removed, and the upper 
when cooled to — 40°, deposits the hydrate. The presence of small amounts of lime in the calcium 
chloride does not affect the yield. The presence of water is beneficial ; thus fused calcium chloride alone 
and with half its weight of water gave yields of 55 and 65% respectively. 

The table summarises the results of experiments in which 290 g. (5 mols.) of acetone and 110 g. (6*5 
mols.) of ammonia were used. The reaction took place at room temperatures and the amount of catalyst 
used was always equivalent to 10 g. of ammonium chloride. 



Calcium 

Time 

Yield of 


Calcium 

Time 

Yield of 

Catalyst. 

chloride (g.). 

(days) . 

(II) (%)• 

Catalyst. 

chloride (g.). 

(days) . 

(II) (%) 

None 

None 

7 

17 

NHMe^Cl .... 

40 

1 

85 



40 

4 

65-70 

NMe^Cl 

40 

1 

35 

NH4CI 

... none 

4 

70 

NMe4Br 

40 

4 

66 

NH4NO3 

40 

1 

88 

NHMegCl .... 

none 

4 

63 

40 

1 

85 

NMC4CI* .... 


4 

35 

NH^Br 

40 

1 

85 






* Added as a 55% aqueous solution. 


(b) Mesityl oxide (120 g., 1-2 mol.) and ammonia (26 g., T5 mol.) were placed in an autoclave cooled 
to — 40° and stirred for 3 days at room temperature. The mixture was again cooled, acetone (71 g., 
T2 mol.) and ammonia (40 g., 2*4 mol.) were added and the stirring was continued for 4 days. The 
solid hydrate of (11) -was purified by crystallisation from ether (yield, 139 g. ; 66%). 

The hydrate when freshly crystallised from ether forms colourless crystals, m. p. 43 — 44° [Found : 
C, 62*4; H, 1T5; N, 16*3; H^O (by Dean-Stark), 10*5; equiv. (titration), 87. CgHigNj.HgO requires 
C, 62«7; H, 11*7; N, 16-3; HgO, 10-5%; equiv., 86]. In air it slowly becomes yellow and decomposes, 
liberating ammonia, but it can be kept for a considerable time in a stoppered vessel in a refrigerator. 
It is extremely volatile and sublimes to give large, well-formed crystals of hexagonal habit. It is soluble 
in cold water (70 g. per 100 ml.), in cold ether (19 g. per 100 ml.), and in most organic solvents. 

The oxalate was prepared from equimolecular quantities of the hydrate (II) and anhydrous oxalic 
acid in ether (Found : C, 44-5 ; H, 7-1 ; N, 8-0. C9H2oON2,2H2C204 requires C, 44-3 ; H, 6-8 ; N, 8 0%). 

When to the hydrate (II) and an equivalent aniount of aqueous sodium nitrite at 0°, two equivalents 
of 2N-hydrochloric acid were added, reaction occurred with deposition of a colourless crystalline substance 
during 3 hours (yield, 10 — 15%), m. p., 168 — 170° (decomp.) (from acetone). The low yield, high m. p., 
and decomposition with dilute mineral acid without liberation of nitrous acid conflict with the supposition 
that it is the nitroso-derivative of (II), although the analytical data are in agreement. Molecular 
weight determinations gave double the expected values [Found: C, 59-2; H, 8-8; N, 22-8; M (in 
nitrobenzene), 371. C^Hi^ONg requires C, 59-0; H, 9-3; N, 23-0%; M, 183). 

Diacetonamine Hydrogen Oxalate, — Tlfe crude hydrate of (II) (269 g.) prepared from acetone (290 g.) 
was dissolved in alcohol (300 ml.). An aliquot (5 ml.) was titrated with oxalic acid to determine the 
amount required (twice that needed for neutralisation : 365 g.). In the titration it is necessary to add 
about 3/4ths of the estimated amount of acid and then to warm to 80° for a few minutes to complete the 
hydrolysis of the hydrate. Titration at room temperature as directed by Everest gives low results and 
leads to the use of insufficient oxalic acid. The oxalic acid was dissolved in alcohol (2000 ml.), stirred 
vigorously, and the solution of the hydrate added in J hour at 30° or less. After a further § hour, 100 

ml. of the solvent were removed and the ammonium hydrogen oxalate was filtered from the hot solution 
and extracted thrice with 300 ml. portions of boiling alcohol. The combined filtrates were cooled 
rapidly, and after 3 hours the diacetonamine hydrogen oxalate was collected and dried (m. p. 123 — 125°). 
The mother liquors, on evaporation, yielded a further 20 g. Yield, 309 g. ; 56% based on the acetone 
taken. The maximum yield on this basis is 66-7%. 

2 : 2 : 4 : 4 : Q-Pentamethyl-2 : 3 : 4 : b-tetrahydropyrimidine (II). — Distillation of the hydrate under 
reduced pressure or dehydration using benzene as an entrainer, gives a liquid from which the base (II) 
is obtained by fractionation under reduced pressure (yield, 80%), b. p., 171° (decomp.) /774 mm., 55°/ 10 

mm. , 86°/60 mm.; (fj?* 0-8769; 1-4561; [Rl}o 47-8 (Calc., 47-84) (Found : C, 70-3; H, 11-3; N, 

18-5; equiv., 77. CjHjgNj requires C, 70-1; H, 11-7; N, 18-2%; equiv., 77). The liquid is pale 
yellow and of ammoniacal odour. Addition of water to (II) gave the hydrate in 72% yield. There 
is some decomposition during the formation of (II), the water removed is strongly ammoniacal, and 
materials boiling higher than (II) are formed. 

Both bases are readily decomposed in aqueous solution. The hydrate (1-72 g.) when boiled with an 
aqueous solution of oxalic acid (2-62 g.), ttie water removed on a steam-bath under slightly reduced 
pressure, and the dry residue extract^ with absolute alcohol left ammonium hydrogen oxalate (T03 
g. ; theory, 1-07 g.). The alcoholic solution on evaporation gave crude diacetonamine hydrogen oxalate, 
m. p., 124°, after crystallisation. In another experiment 1-72 g. were boiled with excess of aqueous 
oxalic acid and the acetone distilling was absorbed in water and estimated by the method of Messenger 
(Found : 0-57 g. Calc. : 0-68 g.). Attempts were made to benzoylate the hydrate by normal 

4x 
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Schotten-Bauraann procedure, in dry pyridine* and in ether in presence of potassium carbonate. The 
only products identified were benzamide and iV'-benzoyldiacetonamine [m. p. (from alcohol) and mixed 
m,p. 99— 100^]. 

2 : 2 : 4 : 4 : %-Pentamethylhexahydropynmidine (IV). — The hydrate (86 g.) was reduced with sodium 
(40 g.) in alcohol (250 ml.) and the product was first distilled with the alcohol and then separated by 
fractional distillation. The pure product (64 g., 82%) was colourless fuming liquid of sweet, slightly 
ammoniacal odour. It absorbs carbon dioxide from air and is hygroscopic ; b. p. , 66*6”/ 10 mm., 90*6”/60 
mm., 172—175” (decomp.)/ 765 mm.; 0-866S, nff’ 1*4617; [y?x]p 48*7 [Calc, for (IV). 48*77; for 
(VII). 49*86j (Found : C, 69*3; H. 12*8; N, 18*2; equiv., 77. CeHjnN, requires C. 69*3 ; H. 12*8; N, 
18*0% ; equiv., 78). Reduction of (II) adso yields (IV), but preparation from the hydrate is preferable. 
Hydrolysis of (IV) with hot water is rapid and in an hour 80% of the calculated amount of acetone was 
liberated. 

Conversion of (IV) into 2 : 4i-Diamino-2-methylpeniane (XI). — (IV) (54 g.) was added slowly to 
2N-hydrochloric acid (380 ml.) at 0”, and after a day at room temperature the mixture was heated to 
remove acetone. Sufficient solid sodium hydroxide was added to give a 40% aqueous solution, the 
diamine layer was separated, and the aqueous liquors were extracted with ether. The diamine was 
dried over potassium hydroxide and barium oxide. Fractional distillation gave a colourless liquid 
(yield, 33-5 g. ; 83%), b. p. 45—46710 mm. ; djf 0*8312; rif 1*4386; 36*8 (Calc., 36*76) (Found : 

C, 62*6; H, 13*5; N, 23*1. CeHmNj requires C, 62*1; H, 13*8; N, 24*1%). (XI) was also prepared 
from diacetonamine by the method of Harries and Adamian tz {Bcr., 1901, 84, 301) ; b. p. 42 — 46/10 mm. ; 
wi?* 1*439; 0*836. 

The diacetyl derivative obtained from (XI) and either acetic anhydride or keten formed colourless 
crystals from chloroform, m. p., 163” (Found: C, 60*0; H, 10*0; N, 14*2. C10H20O2N2 requires C, 

60*0; H, 10*0; N, 14*0%). The dibenzoyl derivative obtained by the Schotten-Baumann procedure 
from (XI) formed colourless rosettes from alcohol, m. p., 153° (Found: C, 74*2; H, 7*4; N, 8*7. 
C2oH2402Na requires C, 74*1; H, 7*4; N, 8*6%); it showed no depression of melting point with the 
derivative prepared from the specimen of (XI) synthesised from diacetonamine. This same dibenzoyl 
derivative is slowly formed when (IV) is benzoylated. 

2 : 4-Diamino-2“methylpentane (XI), chloro-2 : 4-dinitrobenzene, sodium acetate, and alcohol were 
refluxed for 1 hour. The 5'/s-2 : ^-dinitrophenyl derivative formed yellow crystals from o-dichloro- 
benzene, m. p.. 235° (Found: C, 48*3; H. 4*4; N, 18*9. CigH^oOeNg requires C, 48*2; H, 4*5; N, 
18*7%). With like experimental conditions (IV) gave this same compound. 

2-Keto-^ : 4 : Q-trimethylhexahydropyrimidine . — ^Equimolecular amounts of 2 : 4-diamino-2-methyl- 
pentane and urea were heated at 160° for 1 hour. The product separated from acetone as white crystals, 
m. p. 205—206° (Found : C. 59*5: H, 9*7; N, 19*9. C7H14ON2 requires C, 69*2; H. 9*9; N, 19*7%). 

4:4: Q-Trimcihylhexahydropyriniidine (Xll). — The method used by Titherley and Branch (7., 1913, 
108, 334) for hexahydropyrimidine was adopted, and 2 : 4-diamino-2-methylpentane (XI) (2*09 g.) was 
neutralised with 0*2N-hyarochloric acid, an equal weight of (XI) added, followed by 36% aqueous 
formaldehyde (3*6 ml.) in 3 hours. After a further 2 hours, potassium hydroxide (60 g.) was added, the 
product extracted with ether, and the solution dried (BaO) and distilled. Yield, 3*3 g. ; b. p. 65 — 57°/ 10 
ram.; n]f 1*457 [Found: C, 66*7; H, 12*8; N, 21*7; equiv., 132. C^HjeNg requires C, 66*7-; H, 
12*5; N, 219%; equiv. (monoacid), 128]. 

Trimethylhexahydropyrimidine (XII), by Schotten-Baumann procedure, gave its own AA'-dibenzoyl 
derivative, together with 2 : 4-dibenzamido-2-methylpentane. The former being the more soluble, 
only a partial separation was made by fractional crystallisation from alcohol, and the final separation 
was made by hand picking. This dibenzoyl derivative forms needles, m. p. 166° (Found: C, 75*0; 
H, 6*9 ; N, 8*3. C2iH240gNa requires C, 74*8; H, 7*1; N, 8*3%). 

2 (or 4)-y4miMCJ-4 (or 2)-isopropylamino^2-methylpeniane (V) or (VI). — This was obtained by reduction of 
(II), its hydrate, or (IV) with an equal weight of aluminium amalgam in moist ether. The reaction 
proceeded slowly and was complete after 2 days ; the ethereal liquors were then filtered off, and the oxide 
sludge was ^vashed with ether. When distilling the ethereal liquors the alcohol introduced with the 
amalgam distilled as a fore-fraction containing much diamine. Yields of pure diamine were 60 — 70% 
when this fore-fraction was neglected ; with recovery from it the yields rose to 85%. Dried over sodium, 
(VI) forms a colourless hygroscopic liquid, b. p, 178°/760 mm. (no decomp.), 66 — 67°/10 mm., 104°/65 
mm. ; 0*8130; 1*432 (Found : C, 68*4; H, 14*0; N, 17*7 ; equiv., 81. CJH22X2 requires C, 68*4; 

H, 13*9; N, 17*7%; equiv., 79). 

The dihydrochloride, prepared in dry ether and crystallised from amyl alcohol, had m. p. 260° 
(decomp.) (Found : Cl, 30*6. C9H2tN2,2HCl requires 30*7%). The dihenzoyl derivative was prepared 
by the Schotten-Baumann method ; crystals from alcohol, m. p. 133° (Found : C, 75*2 ; H, 8*26 ; N, 
7*8. CgsHjoOgNg requires C, 75*4; H, 8*2; N, 7*6%). 

Sufficient chloro-2 : 4-dinitrobenzene was used with sodium acetate in alcohol to substitute both 
amino-groups, but only one reacted. The 2 : ^-dinitrophenyl derivative crystallised from alcohol in 
orange needles, m. p. 91” (Found : C, 66*6; H, 7*4; N, 17*7. C15H24O4N4 requires C, 66*6; H, 7*4; 
N, 17*3%). 

2:4:4: ^•TetramethyU2-{2~a'mino\?>ohutyiy2 : 3 : 4 : b-tetrahydropyrimidine (X). — Mesityl oxide (120 
g.) and liquid ammonia (49 g.) were cooled in an autoclave to — 40° and then stirred for 24 hours at room 
temperature. The autoclave was then cooled again and a further quantity of mesityl oxide (120 g.) and 
ammonia (26 g.) added. After 6 days at room temperature, the product was removed and cooled to 
— 40°. The white crystalline solid that separated (68 g.) crystallised from ether in white fiakes, m. p. 
61 — 62° [Found: C, 68*0; H, 11*5; N, 19*9; equiv., 71; M (in nitrobenzene), 218. CigHgaN- requires 
C, 68*2; H, 11*8; N, 19*9% ; equiv., 70*3; M, 211], 

This compound (X) reacts rapidly with a cold solution of oxalic acid in alcohol, a precipitate 
of ammonium hydrogen oxalate appearing shortly after the reagents are mixed. From (X) (2*11 g.) and 
oxalic acid hydrate (3*78 g.) in alcohol (10 ml.) after \ hour at the b. p., filtration gave ammonium 
hydrogen oxalate (1*8 g.) and concentration of the filtrate diacetonamine hydrogen oxalate (0-87 g.). 
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The latter melted at 124 — 126® after crystallisation (Found ; C, 43*0; H, 7*8. Calc, for : 

C, 43*0; H, 7*6%). There were 2*1 g. of uncrystallisable residues. 

2:4:4: ^•Tetmmeihyl-2-(2-amino\sobutyl)hexahydropyrimidine , — Reduction of (X) (21 g.) in alcohol 
(100 ml.) with sodium (10 g.) followed by the addition of water (60 ml.) gave the product as an oil, which 
was dried and fractionally distilled (yield, 12 — 14 g.). It was a colourless liquid, b. p. 122 — 125°/10 
mm.; 0-8668; tin* 1'468 (Found: C, 67*4; H, 13*0; N, 20*1; equiv., 72. requires C, 

67-6; H, 12*7; N, 19*7%; equiv., 71). 

We wish to thank Mr. D. J. Clark, M.Sc., of these laboratories, for the micro-analyses. 

Division of Industrial Chemistry, 

Council for Scientific and Industrial Research, 

Melbourne, Australia. [Rtreived, December 19//?, 1946. 


262. I'he Structure of Glycogen. Ratio of Non-terminal to Terminal 

Glucose Residues. 

By T. G. Halsall, E. L. Hirst, and J. K. N. Jones. 

An assay of the proportion of terminal groups present in various glycogens has been made 
by measuring the amount of formic acid liberated on oxidation of the polysaccharide by potas- 
sium periodate. All the glycogens examined gave results indicating that approximately 12 
glucose residues were present per end group, except that certain samples of rabbit-liver glycogen 
contained approximately 18 residues per end group. The results arc in agreement with deter- 
minations of the percentage of end groups arrived at by estimation of the tetramethyl glucose 
produced on hydrolysis of the methylated glycogen. 

The proportion of terminal groups present in samples of glycogen isolated from various sources 
has been determined previously by methylation of the polysaccharide followed by the quantit- 
ative determination of the amount of tetramethyl methyl-rZ-glucoside in the products of 
methanoly^sis of the methylated polysaccharide, and in this w'ay it was found that for most 
samples the ratio of terminal to non-terminal glucose residues was approximately 1 to 12. 
Nevertheless, in certain samples of rabbit-liver glycogen the ratio was nearer 1 to 18. No 
completely satisfactory explanation of this variation has yxt been put forward, and furtlier 
investigation was clearly needed. The examination of a large number of samples by the 
('las.sical methylation technhjuc is a lengthy operation, but starches and glycogens respond 
readily to the periodic acid oxidation process in wdiich, under carefully standardised conditions, 
formic acid is liberated quantitatively from the terminal residues of each side chain, and it was 
decided, therefore, to»examine various samples of glycogen by this method (cf. Brown, Dunstan, 
HaLsall, Hirst, and Jones, Nature, 1945, 156, 785; idem, /., in the press). In some instances 
comparative experiments were made by the methylation method, using newly developed 
semi-micro-methods for the determination of the tetramethyl methydgln coside which arises from 
each end group (Bell, /., 1944, 473; Jones, /., 1944, 333; Brown and Jones, in the press). 

Through the kindness of Dr. D. J. Bell of Cambridge University, we w^cre able to investigate 
numerous samples of glycogens which he had isolated from various .sources. These included 
glycogen from Ascaris lumbricoides, Mytilus edulis, human muscle, rabbit liver, rabbit muscle 
(fasted), and horse muscle. Some of these had already been assayed by him using the methyl- 
ation procedure. A check was thus provided of the results derived by detennination of the 
formic acid produced after oxidation of the glycogen with potassium periodate. Figures in 
excellent agreement with those obtained by the use of the methylation procedure were observed. 
Dr. F. Smith very kindly placed at our disposal samples of guinea-pig-liver glycogen and rabbit- 
liver glycogen which had been assayed by the methylation technique at Birmingham University. 

The proportion of end groups in rabbit-liver glycogen was first determined by Haworth and 
Percival (/., 1932, 2277) who reported the figure of 1 for every 12 glucose residues. Examination 
of another sample of rabbit-liver glycogen by Haworth, Hirst, and I.shcrwood (/., 1937, 577) 
showed, however, that this glycogen contained approximately 18 glucose residues per end group. 
This result was confirmed by Bell (Biochem, /., 1936, 30, 1612) and by Bacon, Baldwin, and 
Bell (ibid., 1944, 88, 198) who demonstrated that the ratio of terminal to non-terminal residues 
in rabbit-liver glycogen may be either 12 to 1 or 18 to 1 approximately, the value observed 
being apparently dependent upon the carbohydrate diet of the rabbit. We have now confirmed 
by the periodate oxidation method the higher figure for the sample of rabbit-liver glycogen 
examined by Haworth, Hirst, and I^erwood, and have obtained also a ratio of 18 to 1 
approximately, by both methods of assay, for another sample of rabbit-liver glycogen prepared 
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by Messrs. Hopkin & Williams Ltd. On the other hand, the sample of rabbit-liver glycogen 
which had been found by Bell to give the value 12 gave a low value by the periodate method 
also. Further investigation is clearly required to ascertain the precise reasons for these un- 
predictable variations which appear to occur only in rabbit-liver glycogen. In all other cases, 
including those cited in the table and the numerous samples of fish-liver and fish-muscle gl 5 rcogen 
examined by Smith (/., 1939, 1915), the value obtained has been 12 approximately. 

Experimental 

Potassium Periodate Oxidation of Glycogens, General Procedure . — The glycogen (ca. 600 mg.) was 
placed in a 500 ml. stoppered bottle which had been cleaned with chromic acid and steamed out. A 
known volume of water was added, followed by potassium chloride (6 g.) and a known excess of an 
aqueous solution of sodium metaperiodate. The oxidations were carried out at 16° with continuous 
shaking and in dim light (sunlight must be avoided). Portions of the solution (20 ml.) were withdrawn 
at intervals, excess of ethylene glycol was added, and the formic acid present was estimated by titration 
with 0‘lN-barium hydroxide using a micro-burette and methyl-red as indicator. The resulting titres, 
after correction when necessary to allow for the slight acidity or alkalinity of the glycogen, were plotted 
against time to make sure that the normal type of reaction was proceeding, and the acid titre correspond- 
ing to 160 hours was used in the calculations, this being the time required for the liberation of 1 mol. 
of formic acid from /3rmethyl-d-maltoside under these conditions (Halsall, Hirst, and Jones, /., loc. 
tit.). From this fitre the size of the repeating unit was calculated. The results are given in the table. 


Source of glycogen. 

Wt. of 
glycogen 
(mg.). 

Yield of 
formic acid 
(mg.). 

Glucose residues per end group. 

(fl) By period- (b) By methyl- 
ate method. ation method. 

1. Ascaris lumbricoides 

567 

13-5 

12 

13—14 (fl) 

2. Mytilus edulis 

510 

14-1 

10 

11 (6) 

3 Human muscle 

518-8 

12-9 

11 

4. Rabbit (fasted) muscle 

510-5 

11-0 

13 

— 

5. Horse muscle 

400-4 

8*1 

14 

12 (c) 

6. Rabbit liver 

365-5 

7-2 

14 

12 (d) 

7, Rabbit liver 

,509 

9-0 

16 

18 W 

S. Rabbit liver 

871 

13-8 

18 

18(/) 

9. Rabbit liver 

216 

4-2 

14 

12 (g) 

1 0. Guinea-pig liver 

174-5 

3 9 

13 

12(g) 


(a) 

IS 

w 

(e) 


Glycogens 1 — 6 were prepared by Dr. D. J. Bell. 

Glycogen 7 was a sample of the material used by Hawortli, Hirst, and Isherwood {ioc, cit.). 
Glycogen 8 was prepared by Messrs. Hopkin & Williams, Ltd. 

Crlycogens 9 and 10 were prepared by Dr. F. Smith. 

Bell, 1944, 474. 

This figure was obtained for another sample examined by Meyer, Naturwiss.^ 1941, 29, 287. 
Bell. Biochem. 1935, 29, 2031. 

Bell, Biochem. J., 1937, 81, 1683. 

Haworth, Hirst, and Isherwood (loc. cit.). 

Present paper. 

F. Smith (private communication). 

Size of Repeating Unit of Rabbit-liver Glycogen (No. 8 in Table), by the Methylation Method . — The 
glycogen was methylated with methyl sulphate and sodium hydroxide according to the method of 
Hirst and Young (J., 1939, 1471). The methylated glycogen [759-5 mg. ; -f 206° in chloroform 

(c, 8*5): OMe, 45*1%] was hydrolysed with methyl-alcoholic hydrogen chloride (1-5%; 100 ml.) and 
the amount of 2:3:4: 6-tetramethyl methylglucoside in the resulting mixture of glucosides was 
estimated by the partition method of Brown and Jones (this vol., p. 1344). Yield of 2 : 3 : 4 : 6-tetra- 
methyl methylglucoside, 60-3 mg.; nj?" 1-4445; [a]©’ 4- 66° in water (c, 2*3); corresponding to the 
presence of 18 — 19 glucose residues per end group. 

We wish to thank Mr. L. Hough for assistance in the experimental work, and one of us (T. G. H.) 
wishes to thank the British Cotton Industry Research Association for the award of a Shirley Research 
Fellowship. 


The University, Manchester. 


[Received, December 2Zrd, 1946.] 


263. The Conversion of Sucrose into Thiazole Derivatives. Part II. 

2 : 4:-Dimethylthiazole Derivatives and 2:4: 5-TrimeihyUhiazole. 

By Hilda Gregory and L. F. Wiggins. 

Condensation of )3-bromobevulic acid and its ethyl ester with thioacetamide yields 2 : 4- 
dimethylthiazole-h-acetic acid and ethyl 2 : 4r-dimethylthiazole-b-acetate respectively. Several 
derivatives of the latter product are described, and decarboxylation of 2 : 4-dimethylthiazole-5- 
acetic acid affords a convenient method for the preparation of 2 : 4 : 5-trimethylthiazole. 
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Sucrose can be readily transformed into laevulic acid, and in Part I (this vol., p. 690) we described 
several sulphanilamidothiazoles, which were obtained through the condensation of p-bromo- 
laevulic acid and its ethyl ester with thiourea. Continuing this theme, we have now investigated 
the condensation of p-bromolaevulic acid (I) with thioacetamide (II), whereby 2 ; ^-dimethyl- 
thiazole^b-acetic acid hydrobromide is obtained; this is readily converted into 2 : 4-dimethyl- 
thiazole-6-acetic acid (III). The latter, on esterification, gave ethyl 2 : 4-dimethylthiazole- 
5-acetate (V), identical with the product of the condensation of ethyl p-bromolaevulate (IV) 
with thioacetamide. 



Decarboxylation of 2 : 4-dimethylthiazole-5-acetic acid was effected smoothly to give an 
80% yield of 2 : 4 : 5-trimethyl thiazole (VI). Hitherto, this trimethylthiazole has only been 
prepared by the condensation of thioacetamide with methyl 1-chloroethyl ketone (Roubleff, 
Annalen, 1890, 259 , 268). 

Treatment of the thiazole ester with concentrated aqueous ammonia gave the corresponding 
amide (Vll) which was readily dehydrated with phosphorus oxychloride to 2 : 4i-dimethyl-b- 
cyanomethylthiazole (VIII). The latter, on catalytic hydrogenation over Raney nickel, was 
converted into 2 : 4-dimethyl-5-2'-aminoethylthiazole (IX) which, however, was unstable and 
could only be isolated as the dipicrate. In view of the previous work of Hiiiegardiier and 
Johnson (/. Amer. Chem. Soc., 1930, 62 , 3724), this compound should exhibit some physiological 
activity as a sympathomimetic agent. 

It has been shown previously by Mills and Smith (/., 1922, 121 2724) that the activity of 
the substituent methyl group in the thiazole ring depends upon its position. Thus, whereas 

4- phenyl- 2-methylthiazole will condense readily with benzaldehyde and phthalic anhydride, 
and its quaternary ammonium salts couple with ^-dimethylaminobenzaldehyde, its isomer, 
2-phenyl-4-methylthiazole, undergoes none of these reactions. In this work we found that 
ethyl 2 : 4:-difnethylthiazole’5~acetate methiodide underwent reaction with only 1 mole of ^-nitro- 
sodimethylaniline to form ^~methyU^-carhethoxymethyUhiazole-2-aldehyde ^-dimethylaminoanil 
methiodide (X) which was a brownish-green crystalline compound with a bluish-green metallic 
reflex, giving rise to deep purple aqueous solutions. Similarly, ethyl 2 : 4-dimethylthiazole- 

5- acetate methiodide condensed with 1 mole of quinoline methiodide to give a deep red crystalline 
compound which, by analogy to 4-phenyl-3-methyl-2-thiazolenyl-4-quinolylmethane methiodide 
of Mills and Smith (loc, cit.), must be 3 : i’-dimethyl-S-carbethoJzy met hy 1-2-1 hiazoleny l-4i-quinolyl- 
meihane methiodide (XI). 

Experimental. 

Ethyl 2 : ^-Dimethylthiazole-b-acetate, — To ethyl p-bromolaevulate (20-8 g.) dissolved in ethyl alcohol 
(20 C.C.), thioacetamide (7*0 g.) was slowly added in small portions; an exothermic reaction occurred 
with formation of a yellow solution. After 12 hours at room temperature, the alcohol was removed 
and the ^ck yellow syrup thus obtained dissolved in water, a few drops of hydrochloric acid (5n) 
were added, and the solution was extracted with ether to remove any unchanged starting materials. 
Ammonia (6n) was added to the aqueous solution at 0° until the solution was slightly alkaline (litmus) ; 
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a yellow oil then separated. The crude product was extracted with ether, and the ethereal layer was 
washed with water and dried (MgS 04 ), and the ether removed. The residual liquid was distilled in a 
vacuum; ethyl 2 : ^-dimethylthiazole h-acetate was thus obtained as a pale yellow liquid, b. p. 142°/ 13 
mm , 212°/756 mm., n\f 1-4942. Yield, 1 1-6 g. (62-5%) (Found : C, 63*9 ; H. 6-1 ; X 7*2 ; OEt, 28-1. 
CjHigOaNS requires C, 34-2; H, 6-5; N, 7-0; OEt, 22-6%). The picrate vfdiS obtained as a yellow, 
crystalline solid, m. p. 168'' (Found: C, 42-4; H, 3-4; N. 13-1. CuHijOfNiS requires C, 42-1; H, 
3-7; N, 13-1%). 

Condensation of P-Bromolcpvulic Acid with Thioacetamide . — Thioacetamide (1-0 g.) was added in 
portions to p~bronioIaevulic acid (2-25 g.) at 80°. . After a few minutes, an exothermic reaction occurred, 
and when the mixture had cooled to room temperature, a partly solid product was obtained. This was 
pressed on a porous pile, and colourless crystals isolated, which were recrystallised from acetone-ethyl 
alcohol-light petroleum (b. p. 40 — 60°). After two recrystallisations, pure 2 : 4t-dimethylthiazolc-6^ 
acetic acid hydrobromide was obtained as colourless crystals, m. p. 183°. Yield, T78 g. (6T2%) (Found : 
C, 33-7 ; H, 4-3. C^HioO^NBrS requires C, 33-4; H, 4 0%). 

The free base was obtained from the hydrobromide (1-5 g.) by dissolving it in water (6 c.c.) and heat- 
ing under reflux for 15 minutes. The strongly acid solution was cooled, and a concentrated aqueous 
solution of potassium hydroxide added carefully, until, when the solution was still acid to litmus, 
crystals separated. These were filtered off and recrystallised from hot water; m. p. 185°. Yield, 

0- 93 g. (91-4%). 

Esterification of 2 : 4-Dimeihylthiazole-5-acetic Acid . — The acid (2-0 g.) was healed under reflux with 
2% cthy 1-alcoholic hydrogen chloride (60 c.c.) for 6 hours. The resulting solution was neutralised with 
barium carbonate, the barium salts were filtered ofl, and the alcoholic solution was evaporated to dryness 
under reduced pressure. The residue was extracted with ether, and the ethereal extract evaporated 
to a brown liquid which was subsequently distilled; b. p. 212°/745 mm., n^“ T4943 (Found : OEt, 
22-9. Calc, for C»Hi 30 jjNS: OEt, 22-6%). Yield of ethyl 2 : 4-dimethylthiazolc-5-acetate, 1-46 g. 
(62-7%). 

2:4: 6-Trimethylthiazole . — 2 : 4-Dimethylthiazole-5-acetic acid (0*8 g.) was heated on an oil-bath 
in a distillation flask. At 190° (bath temp.) the crystals melted; at 235° (bath temp.) carbon dioxide 
was evolved and a colourless, , pungent smelling liquid distilled, b. p. 164—166° (vapour temp.), 

1- 5060. Yield of 2:4: 5-trimCthylthiazole, 0*49 g. (82-5%). On treatment with one mol. of picric 
acid, yellow needles of 2 ; 4 : 5-trimethylthiazole picr'^tc were obtained, m. p. 133 — 134° (Found : C, 
40-4; H, 3-7. Calc, for CjaHiaO^N^S : C. 40-4; H, 3*4%). Roublefl (loc. cit.) gives m. p. 133°. 

2 : 4-DimeihyUhiazole-‘b-'acetamide . — Ethyl 2 : 4-dimethylthiazolc-5-acetate (1-0 g.) was suspended 
in concentrated ammonia solution (d 0*88; 6 c.c.), and the mixture shaken for 2 hours; a clear yellow 
solution was then obtained. After several hours at 0°, colourless needles separated. More crystals 
were obtained by concentration of the mother liquors. The total crude product reciy-stallised from 
ethyl alcohol-ether in feathery, colourless needles of 2 : 4-dimelhyUhiazole-(>-acetamide, m. p. 173°. 
Yield. 0-72 g. (84-3%) (Found : C, 49-4; H, 5-5; N, 17-1. C^HioONgS requires C, 49-4; H, 5-9; N, 
16-5%). On treatment with picric acid, long needles of the pier ate were obtained, m. p. 185° (Found : 
C, 39-4; H, 3-6; N. 17-4. CiaHwOgNftS requires C, 39-1; H, 3-3; N, 17-6%). 

2 : 4-DimethyUh<yanomeihyUhiazole . — 2 : 4-Dimctliylthiazole-6-acetamide (1-3 g.) was heated witli 
phosphorus oxychloride (freshly distilled; 5 c.c.) on an oil-bath for 45 minutes at 105 — 115°. The 
phosphorus oxychloride was then removed on a water-bath at 50° under reduced pressure. To the 
dark syrupy residue, crushed ice was added, then solid sodium carbonate until the solution was alkaline 
(litmus). The dark brown solution was then exhaustively extracted with ether, the ethereal extract 
dried (MgSOJ, and the ether removed by evaporation, I'he crystalline residue was recrystallised from 
hot water to give needles of 2 : 4~dimethyl-^~cyanomeihylihiazolv, m. p. 87°. Yield, TO g. (86%) (Found : 
C, 64*9; H, 4-9; N, 17-8. C 7 HgN 2 S^ requires C, 55*3 ; H, 5-2; N, 18-1%). The picrate was obtained 
as a yellow crystalline solid, m. p. 125° (Found : C, 40*9; H, 3-2. CiaHnO^NgS requires C, 40-9; H, 
2'9%). 

Reduction of 2 : 4-Dime1hyl-tj-cyanomethyUhiazole . — 2 : 4-Dimethyl 5-cyanomethyl thiazole (0-95 g.) 
was dissolved in methyl alcohol (40 c.c.) and hydrogenated over Raney nickel at room temperature. 
When approximately the theoretical amount of hydrogen had been absorbed and no further absorption 
occurred, the catalyst was filtered off and the methyl aicf)hol evaporated under reduced pressure in an 
atmosphere of nitrogen. The product decomposed on keeping but was characterised as the dipicrate. 
A solution of the syrup (0-2 g.) in alcohol was added to a hot concentrated aqueous solution of picric 
acid (0-6 g.). On cooling, an oil separated, which eventually solidified and recrystallised from hot water 
In yellow crystals, m. p. 169°. It was 2 : 4'dimethyl-6'2'’-aminomethylthiazole dipicrate (Found : C, 
87-8; H, 3-0; N, 17-9. C^HigO^NgS requires C, 37-1 ; H, 2-9; N. 18-2%). 

Condensation of Ethyl 2 : 4rDimethylthiazoU-t-acetate Methiodide with y-Nitrosodimethylaniline . — 
Ethyl 2 : 4-dimethylthiazole-6-acetate (1-0 g.) was kept with methyl iodide (100% excess) at room 
temperature for 24 hours. The methyl iodide was then evaporated under reduced pressure. A yellow 
oil was obtained which slowly crystallised; it reciystallised from alcohol in colourless prisms, m. p. 
183°, which decomposed too rapidly for analytical figures to be obtained. 

To an alcoholic solution of ethyl 2 : 4-dimethylthia2ole-6-acetate methiodide (crude oil; 1-0 g.) was 
added on alcoholic solution of /)-nitrosodimethylaniline (0*5 g.), whereby a bright green solution was 
obtained. Piperidine (2 drops) was added ; the colour changed to reddish brown, and the solution 
w-as heated under reflux for 16 minutes ; a purple colouration had then developed. On cooling, crystals 
separated and were filtered off (0*3 g.). The solution was again heated for a further 2 hours, and on 
cooling, more crystals were obtained (0-2 g.). The crude product was recrystallised from aqueous 
methyl alcohol, and 4rmethyl-t^'-carhethoxymethyUhiazole‘2‘>aldehyde 'p-dimethylaminoaml methiodide was 
obtained as a brownish -green crystalline compound with a bluish-green metallic reflex, m. p. 208°. In 
dilute aqueous or alcoholic solution the crystals gave a deep purple colouration, which was easily dis- 
chai-ged by acids and regenerated by alkali (Found : C, 46-9 ; H, 6*6. CifiH2402NaIS requires C, 46-7 ; 
H. 5-10/^). 
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Condensation of Ethyl 2 : 4:-Dimethylthiazole-^-acetate Methiodide with Quinoline Methiodide. — To 
ethyl 2 : 4-(iiniethylthiazole-6-acetate methiodide (crude oil; 1*0 g,) dissolved in ethyl alcohol (10 c.c.) 
was added an alcoholic solution of quinoline methiodide (1*7 g. ; 100% excess) and sodium hydroxide 
(0*17 g.). The solution was heated under reflux for 30 minutes; a vivid red colouration had then 
developed. On cooling, a semi-solid product separated, which was recrystallised from methyl alcohol to 
give 3 : 4k-diinethyl~b-carhethoxymethyl-2'‘thiazolenyU4t-quinolylmcthayie methiodide as dark red crystals 
with a bright green, metallic reflex, m. p. 200°. Yield, 0-35 g. (Found: C, 50*3; H, 5-1; N, 6*2. 
CaoHjsO^NglS requires C, 49*8; H, 4-8; N, 5*8%). 

The authors wish to express their thanks to Professors W. N. Haworth, F.R.S., and J. L. Simonsen, 
F.R.S., for their interest, and to the Colonial Products Research Council for financial support. 

The a. E. Hills Laboratories, 

The University, Edgbaston, Birmingham, 16. [Received, December 24/A, 1946.] 
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1 : 4-3 : Q-Dianhydro-d- and -\-iditol. 

By L. F. Wiggins. 

Z-Iditol readily undergoes anhydride formation on being heated in the presence of hydro- 
chloric acid, giving 1 : 4-3 : 6-dianhydro-/-iditol the structure of which is proved by a con- 
stitutional synthesis of its cnantiomorph. 


Thp: action of acidic reagents on both mannitol and sorbitol gives rise to the dianhydrides of 
these polyhydric alcohols by internal loss of two molecules of water. Dian hydromannitol, 
first obtained by Fauconier (Compt. rend., 1882, 95, 991), was show'ii to possess the constitution 
of 1 : 4-3 : fl-dianhydromannitol by Wiggins in Part I of this series (/., 1945, 4) and by Hockett, 
Fletcher, Sheffield, Goepp, and Soltzberg (/. Amer. Chem. Soc., 194(>, 68, 930). Dianhydro- 
sorbitol, prepared in a similar way to its mannitol analogue, was sho^v^ by synthetical methods 
(Wiggins and Montgomery, Nature, 1946, 157, 372; 1940, 390) also to have the 1 ; 4-3 : fi- 

ring structure. Hockett, Fletcher, Sheffield, and Goepp (/. Anicr. Chem. Soc., 1940, 68, 927) 
have arrived at the same conclusions by different methods. 

Mditol (I) also undergoes a similar dehydration on being heated in the presence of acids 
and gives a dianhydride, in the form of a hemihydrate which, like the corresponding compounds 
of mannitol and sorbitol, is stable to treatment with sodium methoxide at 120° under pressure. 
The hismethane sulphonyl and the dibenzoyl derivative were readily obtained from it. 

By analogy with the diaiihydrides of mannitol and sorbitol it would be expected that this 
compound would also have the hydrofuranol type of ring structure shown in (III). After the 
completion of this work, Fletcher and Goepp (/. Amcr. Chem. Soc., 1945, 67, 1042; 1946, 68, 
939) reported that 1:4-3: fi-dianhydrosorbitol and dianhydroinaiinitol on dehydrogenation 
with Raney nickel followed by hydrogenation are both partly converted into dianhydroiditol, 
and on the assumption that the rings are stable under these conditions, have declared the 
establishment of the 1 : 4-3 : 6-ring structure for all three hcxitol dianhydrides. The present 
paper is concerned with a proof of constitution of the dianhydroiditol along quite different lines. 
A preliminary note of this appeared in Nature (1946, 157, 372). 

If mannitol could be tosylated at C3 and C4 to give 3 : 4-ditosyl mannitol (II), this compound 
on removal of the tosyl groups with sodium methoxide could form only two dianhydrides, (a) 
1 : 3-4 : 6-dianhydrohexitol, and (b) 1:4-3 : 6-dianhydrohexitol. Moreover, since it is 
established in the sugar series that, when hydrol5d:ic removal of tosyl groups is accompanied 
by anhydro-ring formation, Walden inversion always accompanies the hydrolysis (see l^eat, 
Ann. Reports, 1939, 36 , 258), it follows that both (a) and (b) would have the configuration of 
;f-iditol. 
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A suitable derivative substituted at C# and C4 with tosyl residues is 3 : 4-ditosyl 1 : 2-5 ; 6- 
diacetone mannitol (Brigl and Gruner, Ber., 1934, 67, 1969). This compound, on partial hydrolysis 
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followed by acetylation, gave liquid 3 : 4^-ditosyl 1:2:5: 6*tetra-acetyl mannitol which on treat- 
ment with sodium methoxide gave a crystalline dianhydrohexitol which gave cr 3 rstalline bis- 
methanesulphonyl and dibenzoyl derivatives. These had the same melting points as and specific 
rotation equal, but opposite in sign, to the corresponding derivatives obtained from the product 
of the anhydridisation of /-iditol. Therefore the two sets of compounds are enantiomorphous, 
and dianhydro-d-iditol and hismethane sulphonyl and dibenzoyl dianhydro-d-iditol must have 
been obtained from mannitol. 

The precise constitution of dianhydroiditol is limited to the possibilities {a) and (6) above. 
Since (a) involves four-membered rings which are extremely unlikely of formation when five- 
membered rings are possible, and since in {a) the two free hydroxyl groups would approach 
near enough to be joined in acetal formation by a benzylidene residue, and because dianhydro- 
iditol does not form such a derivative, structure (6) must be regarded as the correct one. 
Dianhydro-rf-iditol is formulated by (III), a representation differing from that of 1 : 4-3 : 6- 
dianhydro-£/-mannitol (IV) only in the orientation of the two rings. 

Experimental. 

l-Iditol . — This was prepared from /-sorbose by catalytic hydrogenation and separated from the 
accompanying /-sorbitol by fractional crystallisation of the acetyl derivatives (Jones and Wiggins, 
1944, 363). 

Action of Hydrochloric Acid on VIditol. — Crystalline /-iditol (5 g.) was boiled under reflux for 50 
hours with fuming hydrochloric acid (50 c.c.). The dark brown solution was evaporated to a syrup 
which was distilled at 160 — 155^ (bath temp.)/0‘05 mm. The distillate (3T g.) crystallised completely 
on cooling. It recrystallised in prisms from ethyl acetate (2-3 g.), m. p. 43 — 45®, [ajj/* -j- 18*4® (c, 2-389 
in water), and was 1 ; 4-3 6-dianhydro~hi4itol hemihydrate (Found : C, 46-7, 46*1 ; H, 7-0, 7-3. 
CsHioO^.iHaO requires C, 46-5; H, 7-1%). 

Treatment of Dianhydro-Viditol with Sodium Methoxide. — The dianhydroiditol (1-7 g.) was heated in 
a sealed tube with 6% methyl-alcoholic sodium methoxide at 120® for 24 hours. Thereafter, the solution 
was diluted with water, neutralised with sulphuric acid, and evaporated to dryness, and the residue 
was extracted with ethyl acetate. The extract was evaporated and the syrupy product distilled at 
160®/ 0-02 mm. The distillate, which completely crystallised, was unchanged 1 ; 4-3 : 6-dianhydro- 
/-iditol (T66 g.) ; it recrystallised from ethyl acetate as the hemihydrate, m. p. 43 — 45° alone or in 
admixture with the starting material. 

Attempted Condensation of Dianhydro-l-iditol with Benzaldehyde. — The dianhydride (0-55 g.) was 
shaken with freshly distilled benzaldehyde (10 c.c.) and zinc chloride (0-6 g.) for 48 hours. The resulting 
suspension was poured into water-ligroin which completely dissolved it. Sodium carbonate (0-6 g.), 
dissolved in water, was added and the mixture distilled under reduced pressure, with addition of water 
until all the benzaldehyde was removed. After being evaporated to dryness the residue was extr-acted 
with ethyl acetate, and the extract evaporated. From ethyl acetate there crystallised unchanged 
dianhydro-/-iditol hemihydrate (0-4 g.), m. p. 43 — 46° alone or in admixture with the starting material. 

2 : h-Bismethanesuiphonyl 1 : 4-3 : ^-Dianhydro-\-iditol. — The dianhydride (0-2 g.), dissolved in 
dry pyridine (5 c.c.), was treated with methanesulphonyl chloride (0-4 g.) at room temperature. The 
mixture was kept for 24 hours and then poured into ice-water. The crystalline precipitate was collected ; 
the compound recrystallised from alcohol in long needles, m. p. 166 — 166°, [a]}?’ 41-9° (c, 1-146 in 

acetone) (Found : C, 32-2; H, 4-9. CgHi 40 gS 8 requires C, 31-8 ; H, 4-6%). 

2 : 6-Dihenzoyl Dianhydro-hiditol, — ^The dianhydride (0-1 g.) was dissolved in 5N-sodium hydroxide 

(3 C.C.), and benzoyl chloride (0-3 g. added). After vigorous shaking for 4 hour, the solid which had 
separated was collected and washed with water; the compound recrystallised from ^cohol in plates 
(0-13 g.), m. p. 110—111°, 4-139-1° (<J, 1-04 in chloroform) (Found : C, 67-7; H, 4-9. CgoHigO« 

requires C, 67-8; H, 6-1%). 

3 : 4-Ditosyl Tetra-acetyl MannitoL — 3 : 4-Dito8yl 1 : 2-5 : 6-diacetone mannitol (10 g.) (prepared 
by the method of Brigl and Gruner, loc. cit,) was hydrolysed by heating it for 3 hours at 70° with 70% 
acetic acid (100 c.c.). The acetic acid was removed under reduced pressure. The resulting syrup was 
acetylated by boiling with acetic anhydride (26 c.c.) and sodium acetate (10 g.). The mixture was 
poured into water and the product neutralised with sodium bicarbonate and extracted with chloroform. 
The extract was dried (MgSOg) and evaporated. The compound was a syrup (7-6 g.) which could not be 
induced to crystallise ; [aJif* — 0-8° (c, 10-23 in chloroform) (Found : S, 9-6. CjgHggOigSg requires 
S, 9-7%). 

Treatment of 3 : 4-Z)//osy/ Tetra-acetyl Mannitol with Sodium Methoxide, — The syrup (7-5 g.) was 
dissolved in chloroform (100 c.c.), and sodium methoxide (4 g.), dissolved in dry methyl alcohol (40 c.c.), 
added at 0°. The mixture was allowed to warm up to room temperature and to remain thereat for 4 
hours. The mixture was extracted with water and separated from the chloroform layer. The aqueous 
extract was neutralised with N-sulphuric acid and the solution evaporated to dryness. The residue was 
extracted with ethyl acetate, and on evaporation of this solvent a syrup (0-9 g.) was obtained. This 
distilled at 160° (bath temp.)/0*08 mm. and showed n^^ 1*4926, [a]J?" — 16-7° (c, B-21 in water) (Found : 
C, 48-8 ; H, 6-8. CgHigO* requires C, 49-3 ; H, 6-8%). The product crystallised but it was not possible 
to recrystallise it. 

2 : 6-Dibenzoyl 1 : 4-3 : 6-Dianhydro-d-iditol. — ^The above distillate (0*8 g.) was dissolved in 6 n- 
sodium hydroxide ; benzoyl chloride (2 c.c.) was added, and the mixture shaken vigorously for | hour. 
The dibenzoyl derivative was collected, washed with water, and recrystallised from alcohol. Yield, 
0-94 g.; m. p. 110—111°; [ajj?* - 138-6° (c, 3-476 in chloroform) (Found : C, 68-0; H, 6-2. CaeHjgOg 
requires C, 67-8; H, 6-1%). 
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2 : S-Bismefhanesulphonyl 1 : 4-3 : Q-Dianhydro-d'-iditoL — Dianhydro-^-iditol (0*3 g,) was dissolved 
in dry pyridine (6 c.c.) and methanesulphonyl chloride (0*8 g.) added at 0°. The mixture was kept at 
room temperature for 74 hours and was then poured into ice- water, and the solid which had separated 
was collected and washed with water ; the compound recrystallised from alcohol in the form of needles . 
Yield. 0-25 g.; m. p. 166'^; [a]if - 41-2° (c. 1-41 in acetone) (Found : C, 32-1; H, 4*3. CoHuOgSa 
requires C, 31*8; H, 4-6%). 

Fletcher and Goepp (loc. cit.) give, for anhydrous dianhydro-Mditol, m. p. 63-7 — 64-6°, ra]D 20*8° 
(in water), and for the dibenzoate, m. p. Ill — lll•3^ [a]i> j- 141-9® (in chloroform). 

The author is grateful to Sir Norman Haworth, F.R.S., for his interest in this work, and to the Colonial 
Products Research Council for financial aid. 

The a. E. Hills Laboratories, 

The University, Edgbaston, Birmingham, 15. [Received^ December 2Uh, 1946.] 


265 , Anhydrides of Polyhydric Alcohols. Part VIII. Some Alkenyl 
Ethers of 1 : 4-3 : Q-Dianhydromannitol and 1 : 4-3 : 6-DianhydrosorbitoL 

By Hilda Gregory and L. F. Wiggins. 

Diallyl and dimethallyl ethers of the 1 : 4-3 : 6-dianhydrides of mannitol and sorbitol have 
been prepared. They polymerise slowly in a stream of oxygen, the allyl at a greater rate than 
the methallyl ethers. 


In continuation of our studies of 1 : 4-3 : 6-dianhydro-mannitol and -sorbitol described in 
Parts I and IV — VII of this series, we have sought to obtain unsaturated ethers of these com- 
pounds. In a previous communication (Haworth, Gregory, and Wiggins, 1946, 488) we 
have described unsaturated acyl derivatives of these dianhydrides, namely the diacrylyl and 
dimethacrylyl esters, which were found to polymerise very rapidly to glass-like resins ; saturated 
ether derivatives have also been reported (Haworth and Wiggins; Patent Application 1945). 

The allyl ethers of certain carbohydrates have recently been obtaijied by Nichols and 
Yanovsky and their associates; these include allyl sucrose (Nichols and Yanovsky, J. Amer. 
Chem. Soc., 1946, 67, 47), tetra-allyl a-methylglucoside (idem, ibid., 1944, 66, 1025), and 
allyl starch (Nichols, Hamilton, Smith, and Yanovsky, Ind. Eng. Chem., 1946, 37, 206). By 
treating 1 : 4-3 : 6-dianhydro-mannitol and -sorbitol with allyl bromide and concentrated 
sodium hydroxide solution according to the procedure of Nichols and Yanovsky, we have 
obtained 2 : ^-diallyl 1 : 4-3 : Q-dianhydromannitol (I) and 2 : ^-diallyl 1 : 4-3 : ^-dianhydrosorhitot 
(II), complete allylation being accomplished in one treatment, giving 70% yields of the 
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products. Both compounds were yellow liquids, quite stable to distillation. Although they 
polymerised slowly in a stream of oxygen, no appreciable effect was observed on heating them 
in the presence of benzoyl peroxide, a fact previously noted by Nichols and Yanovsky for 
tetra-allyl a-methylglucoside. The rates of polymerisation of the dianhydrohexitol derivatives 
at 97° have been followed viscometrically in an Ostwald viscometer modified as shown in 
Fig. 1, so that oxygen could be bubbled through the substance and the viscosity measured 
in the same apparatus. 

Preliminary experiments showed that the rate of polymerisation depended upon the rate 
of flow of oxygen through the apparatus, hence the flow of gas was kept constant throughout 
the polymerisation. It was found that the rate of polymerisation as measured by the viscosity 
for both the mannitol and the sorbitol derivatives (see Fig. 2) followed closely the behaviour of 
tetra-allyl a-methylglucoside, described by Nichols and Yanovsky (loc. cit.). Fig. 2 shows 
that the polymerisation of the mannitol derivative was very slightly faster than that of its 
sorbitol analogue. Both liquids became darker at the beginning of the heating, but became 
progressively lighter in colour as the polymerisation continued. The viscosity increased 
slowly for about 180 minutes, followed by a rapid increase to the gelation point, at which the 
substances were almost colourless. Both end-products were soft and rubbery, completely 
infusible and insoluble. 
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On treatment of dianhydromannitol with methallyl chloride and concentrated sodium 
hydroxide solution at ordinary pressures, 2 : 5-dimethaUyl 1 : 4-3 : Mianhydromannitol was 
obtained in poor yield, owing probably to loss of reagent and incompletion of reaction. Some 
improvement was effected by carrying out the reaction in an autoclave fitted with a stirring 
device, and by this method 2 : 6-dimethallyl-l : 4-3 : 6-dianhydrosorbitol was obtained. Both 
of the methallyl derivatives were yellow liquids which polymerised slowly on being heated in 
a stream of oxygen. Neither, however, gelatinised, or reached a state of acetone insolubility, 
as distinct from the behaviour of the corresponding allyl derivatives. The rates of poly- 
merisation (see Fig. 2) when investigated under the same conditions as described previously 
were also markedly slower than those of the allyl ethers ; even after 24 hours at 97® in a stream 
of oxygen at 10 l./hour, no gel formation had occurred and the viscous liquid remained acetone 
soluble. 



I. 2 : ly-Diallyl 1 : 4-3 : G-dianhydromannitoL 
II. 2 : 5‘Diallyl 1 : 4-3 : G-dianhydrosorbitoL 

III. 2 : 5-Dimeihallyl 1 : 4-3 : G-dianhydrosorbitoL 

IV. 2 : G-Dimethallyl 1 : 4-3 : G-dianhydromannitol, 

The difference in the rates of polymerisation of the allyl and methallyl ethers and the 
difference in properties of the final product must be due to the presence of the methyl group. 
Therefore, since the methallyl ethers polymerise more slowly and to a lesser degree than the 
allyl ethers, the methyl group must exhibit an inhibitory effect upon polymerisation. This 
tendency has been observed previously in many cases. For instance, whereas styrene will 
undergo addition polymerisation very rapidly, to form long-chain macromolecules, a-methyl- 
styrene will only form an octamer (Staudinger and Breusch, B^r., 1929, 62, 442), and |J-methyl- 
styrene, dimeric molecules (Errera, Gazzetta^ 1884, 14, 604). 

Experimental. 

2 : 6-Diallyl 1 : 4-8 : G-Dianhydrosorbitol . — Dianhydrosorbitol (50 g.) was suspended in allyl bromide 
<86 c.c.) in a three-necked bolthead flask, fitted with a dropping funnel, condenser, and mechanical 
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stirring device. The well-stirred reaction mixture was maintained at 70®, Sodium hydroxide solution 
(63 c.c. ot a 62% solution, w/v) was added slowly during 1-26 hours, and stirring continued for a furtlier 
1*76 hours. Water (100 c.c.) was then added, and any unsaturated volatile compounds present were 
removed by steam distillation. The mixture was then extracted with ether, the ethereal extract 
washed with water and dried (MgS04), and the ether removed, leaving a light brown, mobile liquid. 
This was fractionally distilled under reduced pressure in an atmosphere of carbon dioxide. The bulk 
distilled at 167 — 161®/20 mm. One further distillation gave pure diallyl dianhydrosorbitol as a colourless 
liquid in 70*3% yield, b. p. 185®/40 mm., 1-4812, -f 93-4“' ic, 1*750 in chloroform) (Found : 

C, 63*4; H, 7*7. Ci2Hig04 requires C, 63*6; H, 8*0%). 

The rate of polymerisation of 2 : 5-diallyl dianhydrosorbitol was followed viscometrically. The 
results below give the time of flow in seconds for the corresponding time of polymerisation in minutes 
(in parentheses) : 1-9(0); 2-4(20); 2*8(45); 18(130) ; 37*0(166); 118-0(196); 100(205); 245-0(210); 

00 (216). During the last reading the material gelled in the tube. Those results are shown graphically 
in Fig. 2. 

2 ; ^-Diallyl 1 : 4-3 : ^■‘Dianhydromannitol. — This was prepared on the same scale and in the same 
way as its sorbitol analogue. The compound was obtained as a colourless, mobile liquid, b. p. 173''/10 
mm., wf/’ 1-4847, [alF + 160*3® (c, 1*51 in chloroform) (Found : C, 63-2; H, 8-3. C12H10O4 requires 

C, 63-6; H, 8-0%). 

The rate of polymerisation of 2 ; 5-diallyl dianhydromannitol was investigated viscometrically. 
The following results give the time of flow in seconds for the corresponding time of polymerisation in 
minutes (in parentheses) : 1*4(0); 1*8(20); 2-4(80); 5-6(105); 15-1(135); 32-4 (155); 82-0 (170); 
120*0 (180) ; 495*2 (185); 00 (193). These results are shown graphically in Fig. 2. 

2 : 6-Dimethallyl 1 ; 4-3 : Q~DianhydromannitoL — A mixture of 1 : 4-3 : 6- dianhydromannitol (20-0 g.), 
methallyl chloride (100 c.c.), and sodium hydroxide (22 c.c. of a 52% solution, w/v) was heated on a 
boiling w*ater-bath for 10 hours. The mixture was kept well stirred throughout the reaction to prevent 
the conversion of methallyl chloride into isobutaldehyde as a result of the development of local acidity. 
The mixture was then cooled, water (200 c.c.) was added, and the two layers were separated. The 
upper layer was dried (CaClg) and distilled on a boiling water-bath under reduced pressure to remove 
the more volatile components. The residual oil was fractionally distilled under reduced pressure in an 
atmosphere of carbon dioxide. The bulk distilled at 132 — 135®/I0mm. as a pale yellow liquid which 
darkened on standing. One further distillation under the same conditions gave 2 : b-dimethallyl 

1 : ^-dianhydromannitol (4*62 g.), b. p. 135°/10 mm., 1-4979, [aJxS'" -f 7T4® (c, 1-168 in chloro- 

form) (Found C, 66-0; H, 8*3. Ci4H2a04 requires C, 66-1 ; H, 8*6%). The rate of polymerisation of 

2 : 5-dimethylallyl 1 : 4-3 ; 6-dianbydromannitol was investigated viscometrically. The following 
results give the time of flow in seconds for the corresponding time of polymerisation in minutes (in 
parentheses) : 2-5 (0) ; 3-0 (60) ; 4-0 (120) ; 2 (150) ; 5-8 (195) ; 8-0 (240) ; 11-2 (300) ; 18*0 (360) ; 27-8 
(420); 35-0 (450) ; 52-2 (480); 1400 (990). Further readings could not bo taken owing to the high 
viscosity of the liquid. These results are shown graphically in P'ig. 2. 

2 : Q-Dimethallyl 1 : 4-3 : ^-Dianhydrosorbitol . — Dianhydrosorbitol (20 g.), methallyl chloride (100 g.), 
sodium hydroxide solution (22 c.c. of a 60% solution, w/v), and acetone (100 c.c.) were heated in a 
stainless steel autoclave, fitted with a stirring device, for 10 hours at 120®. The contents of the auto- 
clave were then diluted with water (200 c.c.) and the mixture was steam distilled to remove acetone, 
methallyl chloride, and any methallyl alcohol and dimcthallyl ether produced during the reaction. 
The remaining liquid was then cooled and extracted with ether, the ethereal extract was washed with 
water and dried (MgS04), and the ether was removed. The residual brown mobile liquid was frac- 
tionally distilled under reduced pressure in an atmosphere of carbon dioxide, whereby a pale yellow 
liquid was obtained, b. p. 150 — 160®/ 15 mm. The distillate was then redistilled using the same pre- 
cautions; dimcthallyl dianhydrosorbitol (6-4 g.) was obtained, b. p. 157®/16 mm., 1-4843, [a]l?" 
4- 37*1 (Ct 1*40 in chloroform) (Found : C, 66*0; H, 8*7. Ci4H2a04 requires C, 66*1; H, 8*66%). 

The rate of polymerisation of 2 : 5-dimethallyl dianhydrosorbitol was followed viscometrically. 
The results below give the time of flow in seconds for the corresponding time of polymerisation in 
minutes (in parentheses): 1-9 (0); 2*6 (60); 14-4 (255); 20-5 (295); 26-6 (330); 30-0 (360); 
36*4 (390) ; 44*0 (420) ; 52-0 (440) ; 64-5 (475) ; 85-0 (515) ; 88-6 (640) ; 123-0 (570) ; 133*0 (600) ; 
196*0 (675); 315*0 (750); 581*0 (810); 1423 (970). Further readings could not be taken in this 
apparatus owing to the high viscosity of the liquid. The results are shown graphically in Fig. 2. 

The authors wish to express their thanks to Sir Norman Haworth, F.E.S., and Dr. J. L. Simonsen, 
F.R.S., for their interest, and to the Colonial Products Research Council for financial assistance. 
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266. The Preparation of 1 : 9>-N aphthyridines from 
2 : Q-Diaminopyridine. 

By V. Petrow, E. L. Rewald, and B. Sturgeon. 

7-Amino-2-hydroxy-4-methyl-l : 8-naphthyridine (IV ; R = OH, R' = NHg), prepared by 
condensation of ethyl acetoacetate or ethyl /5-ammocrotonate with 2 : 6-diaminopyridine, has 
been converted into ^-ckloro-l^acetamido-^methyl-l : %-naphthyridine (IV ; R = Cl, R' = 
NHAc), and hence into 2-anilino-t 2-j>-chloroanUino-, 2-piperidino-, and 2-phenoxy-l -amino- 
^fn$thyl-\ : S-naphthyridine, 
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Condensation of benzoylacetone with 2 : 6-diaminopyridine gives l-amino-4rphenyl-%‘ 

: ^naphthyfidine (V ; R =* NHj), converted into 1 -hydroxy- , 1-chloro-, and hence into 
l^anilino-, 7-ptperidino-, and 7-pkenoxy-4:-phenyl-2-meihyl-l : %-naphthyridine. (V; R « NHAc) 
gives the li^ymonoquaternary salt. 

Our interest in the naphthyridines arose from the chance observation that certain members 
of the series possessed valuable biological properties (see Petrow, 1946, 200), and a com- 
prehensive survey of the field is now in progress in these Laboratories. The present com- 
munication describes some new derivatives of 1 : 8-naphthyridine. Biological data will be 
reported elsewhere. 

Although 2-aminopyridine would appear to form the obvious starting point for the synthesis 
of 1 : 8-naphthyridines, they have not hitherto been prepared from this base. Earlier claims 
to this effect by Reissert {Ber,, 1895, 28, 119) and Rath {Annalen, 1931, 4f86, 284; see also 
E.PP, 319,974, 339,932 and G.PP. 626,630, 522,272) have been conclusively disproved by 
Bose and Sen (/., 1931, 2840), Seide and Chelinzwen {/. Gen. Chem. Russia, 1937, 7, 2314), 
Spath and Kufiner [Ber., 1938, 71, 1667), and Petrow (/., 1945, 928). It would appear 
that 2-aminopyridine reacts preferentially in the imino-form [partial formula (I)] to give 
the pyrimidine ring system such as (II) in cases of ring closure. Reactions with ethyl 
acetoacetate (Crippa and Scevola, Gazzetta, 1937, 67, 330), ethyl benzoylacetate (Seide, Ber., 
1926, 68, 362; cf. Palazzo and Tamburini, Atti R. Accad. Lincei, 1911, 20, 1, 37), ethyl malonate 
(Tschitschibabin, Ber., 1924, 67, 1169), and ethylene oxide (Knunjanz, Ber., 1935, 68, 397) 
have been shown to fall into this category. The recent claim of Mazza and Migliardi {Atti 
R. Accad. Sci. Torino, 1940, 75, 1, 438; see also Migliardi, ibid., p. 648) that reaction of 2-amino- 
pyridine with benzaldehyde and pyruvic acid leads to a 4-carboxy-2-phenyl-l : 8-naphthyridine 
cannot be accepted. There seems little doubt that their product should be correctly formulated 
as the pyrimidine derivative (II). Rath {Ber., 1925, 58, 347 ; cf. Tschitschibabin, ibid., p. 1704) 
has described the formation of a “ 1 : 2-dihydro- 1 : 8-naphthyridine in low yield from the 
products of reaction of 2-amino- 3-methylpyridine with bromoacetal at 260‘*. This claim, 
too, must be accepted with caution, as it seems unreasonable to assume the stability of a 
1 : 2-dihydro-structure under the conditions of the experiment. In our view, this reaction 
leads to the 8-methylpyrimidazole (III). The facile formation of ring systems of this type 
has been demonstrated by Schmidt and Bangler {Ber., 1926, 69, 1360), Tschitschibabin {loc. 
cit.), and Allen et al. {J. Amer. Chem. Soc., 1944, 66, 1805). 2-Aminopyridine behaves as a 
cyclic amidine in these reactions, and on electro-chemical grounds alone its conversion into a 
1 : 8-naphthyridine appears highly improbable. 

2 : 6-Diaminopyridine, in striking contrast to 2-aminopyridine, forms the most accessible 
starting material for the synthesis of 1 : 8-naphthyridines, owing probably to the presence of 
two amino-groupings in the molecule either of which can take part in the prototropic change 
involved in imine- formation. By direct condensation of the base with ethyl acetoacetate, 
Seide {Ber., 1926, 59, 2465) obtained 7-amino-2-hydroxy-4-methyl-l : 8-naphthyridine (IV; 
R =* OH, R" = NHg) in good yield. The reaction has been extended to ethyl benzoylacetate 
(Mangini and Colonna, Gazzetta, 1942, 72, 183), acetylacetone (Mangini, Chem. Zentr., 1940, 
II, 2613; Ochiai and Miyaki, Ber., 1941, 74, 1115), and ethoxymethylene diethylmalonate 
(Adams ei at., J. Amer. Chem. Soc.^ 1946, 68 , 1317). 


Me Ph 



We now ftnd that 7-amino- 2-hydroxy- 4-methyl- 1 : 8-naphthyridine (IV ; R = OH, R' = NHj) 
(Seide, loc. cit.) passes smoothly under the action of acetic anhydride into 7-acetamido- 
2-hydroxy-4-methyl-l : 8-naphthyridine (Mangini and Colonna, loc. cit.). The acetamido- 
grouping in this compound proved stable to phosphorus oxychloride, giving 2-chloro-7-aceU 
amido-4^methyl-l : S^naphthyridine (IV; R == Cl, R' = NHAc), occasionally mixed with some 
2-chloro-l-amino-^-fnethyl-l : S-naphthyridine. Treatment of (IV; R » Cl, R' = NHAc) with 
phenol at 180^ gave l-acetamido-2-phenoxy-^-tnethyl-l : %-naphthyridine, hydrolysed to the 
corresponding amino-derivative. 7-Amino-2-anilino-', 7-aminc-2-^-chloroanilino-, and 1 -amino- 
2-piperidino-4t-meihyl-\ : %-naphihyridine were similarly prepared. 

Condensation of 2 ; 6-diaminopyridine with benzoylacetone in the presence of zinc chloride 
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gave 1 •amino A-phenyl-2’fnethyl-l : S-naphthyridine (V; R = NHg), characterised by prepar- 
ation of the picrate. The derived acetamido-cotripomid (V ; R = NHAc) was converted via 
the methosulphate into l-acetamido^^-phenyl-2-methyl-l : S-naphthyridine^l*methiodide, and 
hence into the corresponding methochloride. The constitution assigned to the monometh iodide 
followed from the formation of a highly coloured dye on heating the compound with ^-di- 
methylaminobenzaldehyde in alcoholic solution containing a trace of piperidine. This colour 
change is almost certainly due to the formation of the corresponding 2-^-dimethylamino- 
styryl derivative, but attempts to isolate it in a state of analytical purity were unsuccessful. 
Treatment of (V; R = NHg) with nitrous acid gave 7-kydroxy-4-phenyl-2-methyl-l : S-naph- 
thyridine (V; R = OH), from which 1-chloro-, and hence 1-phenoxy-, 1-anilino-, and 1-piperidino- 
4fphenyl-2-methyU\ : ^-naphthyridine were readily prepared. Attempts to condense (V; 
R = NHa) with ^-acetamidobenzenesulphonyl chloride were unsuccessful. 

We have inter alia examined the condensation of ethyl p-aminocrotonate with 2 : 6-di- 
aminopyridine in the hope of obtaining the isomeric 7-amino-4-hydroxy-2-methyl-l : 8- 
naphthyridine, but the only product isolated as {IV ; R = OH, R' = NHj) in somewhat 
better yield. The corresponding nitrile, p-aminocrotononitrile, it may be added, reacts with 
arylamines with exceptional facility to give the p-ar3diminobutyronitriles by loss of the elements 
of ammonia (Meyer, /. pr. Chem., 1908, 78, 499). Its behaviour with the aminopyri dines 
will form the subject of a later communication. 

Experimental. 

(M. p.s are corrected. Microanalyses are by Drs. Weilcr and Strauss, Oxford.) 

2-ChloYo-l-acetamido-^~methyl~\ : ^-naphthyridine (IV; K = Cl, R' = NHAc). — 7-Acetamido-2- 
hydroxy-4-methyl-l : 8 -naph thyridine was prepared by heating finely powdered (IV; R = OH, 
R' = NHj) (Seide, Ber., 1926, 59, 2466) (2 g.) with acetic anhydride (30 ml.) under reflux for 30 mins. 
The heavy yellow solid chang^ to a flocculent white suspension. When cold, the product was collected 
and recrystallised from a large volume of glacial acetic acid (charcoal), giving white crystals, m. p. >310° 
(Found : C, 60-8; H, 5-2; N, 19-0. Calc, for CjiHnOjjNs C, 60*8; H, 61: N, 19-3%). Yield 2-2 g. 
(89%) (Mangini and Colonna, loc. cit,, give m. p. <286°). The acetamido-compound (10 g.) was heated 
with phosphorus oxychloride (100 ml.) for 30 minutes under reflux. The product was decomposed with 
ice-water and made alkaline with sodium hydroxide, and the precipitated solids were recryst^lised from 
spirit. 2‘Ckloro-l-acetamido-i-methylA : ^-naphthyridine formed felted white needles (7-5 g. ; 69%), 
m. p. 240° (Found: C, 56-9; H, 3-8; N, 17-8; Cl, 15-6. CuHioONgCl requires C, 561; H, 4-2; 
N, 17-8; Cl, 15-1%). 

If the temperature rose somewhat during the decomposition of the phosphorus oxychloride reaction 
mixture, 2~chloro~l-amino-^~methyl-l : %-naphihyridine, white needles, m. p. 258 — 259°, from alcohol 
(Found : Cl, 21*3. CjHgNgCl requires Cl, 21*7%), was also obtained, readily separated from the 
acetamido-compound by fractionation from alcohol in which it was less soluble. On acetylation it gave 
the acetamido-derivative, m. p. 240° (above). 

l~Acetamido-2-phenoxy-4:-methyl-\ : %-naphthyridine. — 2-Chloro-7-acetamido-4-methyl-l : 8 -naph thyri- 
dine (1 g.) was heated with phenol (3 g.) at 180° for 1 hour. The cooled melt was treated with excess 
of sodium hydroxide solution, and the insoluble fraction collected and heated with acetic anhydride 
on the water-bath. l-Acetamido-2-phenoxy-A-meihylA : H-naphthyridine, separated on cooling as long 
needles from aqueous alcohol, m. p. 205° (Found: C, 69-3; H, 5-2; N, 14T. C 17 H 15 O 2 N 3 requires 

C, 69*6; H, 6 T ; N, 14*3%). Hydrolysis with alcoholic hydrochloric acid gave l~amino-2-phenoxy-A- 
methylA\%-naphthyvidine, needles from benzene, m. p. 216 — 217° (Found: C, 71-6; H, 5-3; N, 16*7. 
C 15 H 13 ON 3 requires C, 71-8; H, 6-2; N, 16-7%). 

l-Amino-2-anilino-4rmethyl-\ : %-naphthyridine (IV ; R = NHPh, R' = NHg). — 2-Chloro-7-acet- 
amido-4-methyl-l : 8 -naphthyridine (4 g.) was heated with aniline (10 ml.) under reflux for 3 hours. 
Excess of aniline was removed in steam, and the solids were collected and heated under reflux with 
2N-hydrochloric acid for 1 hour. The mixture was made alkaline with sodium hydroxide and the 
product purified from spirit. l~Amino-2-anilino-^-meihyl-\ : S-naphthyridine formed yellow crystals, 
m. p. 269—270° (Found : C, 71-6; H, 6-4; N, 23 0. CisH^N^ requires C, 72 0; H, 6 - 6 ; N, 22-4%). 

l~Amino~2-^-chloroanilino-‘4:-methyl~\ : %-naphthyridine. — 2-Chloro-7-acetamido-4-methyl-l : 8 -naph- 
thyridine (2*6 g.) and />-chloroaniline (2*5 g.) were heated under reflux in nitrobenzene (25 ml.). Vigorous 
reaction occurred in a few minutes and the mixture set to a semi-solid. Heating at 200° was con- 
tinued for one hour. The yellow-brown solids were collected and crystallised from alcohol-light 
petroleum. l’AfninO’2-^’-chloroanilino-4:-methyUl : %-naphthyridine formed ivory needles (1 g. ; 33%), 
m. p. 224—225° (Found : C, 631; H, 4*9; N, 19*6; Cl, 12*5. C 15 HJ 3 N 4 CI requires C, 63*3; H, 4-6; 
N, 19*7; Cl, 12*5%). The hydrochloride formed yellow needles from alcohol-light petroleum, m. p. 
>300° (Found : Cl, 22*8. CJ 3 H 14 N 4 CI 2 requires Cl, 22*9%). 

l‘Amino-2-piperidvno-Arniethyl-\ : ^-naphthyridine. — (IV ; R = Cl, R' = NHAc) (1 g.) was heated 
with piperidine (6 ml.) at 180° for 8 hours in a sealed tube. Excess of piperidine was removed on the 
water-bath. The crystalline product, after hydrolysis with concentrated hydrochloric acid (10 ml.) 
and alcohol (26 ml.) for 1 hour, followed by basification with sodium hydroxide, gave l-amino-2-piper- 
idino-A-methyl-l : ^-naphthyridine, ivory crystals from light petroleum, m. p. 221*6 — 222 5'* (Found : 
C, 69*0; H, 7*2; N, 22*7. Ci 4 H, 8 N 4 requires C, 69*4; H, 7*4; N, 23*1%). 

l’Amino-4k-phenyl’-2~methyl-l : S-naphihyridine (V ; R ~ NH.). — 2 : 6 -Diaminopyridine (20 g.), benz- 
oylacetone (30 g.), and powdered anhydrous zinc chloride (12 g.) were heated in an oil-bath. Reaction 



1410 


Petrow and Wragg: Contritions to the 

commenced at ISS"*, after which the temperature was slowly raised to 175*^ over ^ hours. Solution iu 
alcohol (200 ml.) followed by gradual precipitation with water (300 ml.) gave a granular product, further 
purified by solution in 2N-hydrochloric acid (charcoal) and precipitation with sodium hydroxide. For 
purification, the crude naphthyridine (8 g.) and acetic anhydride (80 ml.) were heated under reflux for 
30 minutes. l-Acetamido-4L-phenyi-2-metl^l-^l : ^-naphthyridine, needles from benzene (30%), m. p. 
207—208'* (Found: C, 73*4; H, 6-4; N, 160. requires C, 73-6; H, 6-4; N, 16-2%), 

separated on cooling. Hydrolysis with boiling 16% hydrochloric acid for 30 minutes gave 1-amino-i- 
pnenyl-2-methyl-l : ^-naphthyridine, pale yellow octahedra from nitrobenzene, m. p. 247-6 — 248-5'* 
(Found: C, 70-4; H, 6-0; N, 18-1. C15H13N3 requires C, 76-6; H, 6-6; N, 17-9%), characterised as 
the picrate, fine yellow needles from a large volume of alcohol, m. p. 284'* (decomp.) (Found : N, 18*1. 
Ci*H„N 3,C3H307N3 requires N, 18-lo/^). 

l-Acetamido-i-phenyl-2-methyl-l : S-naphthyridine-l-{'^)-methiodide, prepared via the methosulphate. 
formed silky yellow needles (75%) from alcohol, m. p. 244 — 245° (Found : I, 31-2. CigHigONgl requires 
I, 30*4%). The methockloride formed pale green platelets from alcohol-ether, m. p. 236 — 236° (Found : 
Cl, IM. CjsHigONaCl requires Cl, 10-8%). 

l-HydYoxy-^-phenyl-2-imthyl-\ : %-naphthyridine (V; R = OH). — The amino-compound (V ; R = NHg) 
(10 g.) in water (250 ml.) and concentrated hydrochloric acid (5 ml.), mechanically stirred at 0°, 
was treated simultaneously during 30 minutes with sodium nitrite (4-5 g. in 20 ml. water) and hydro- 
chloric acid (10 ml. in 30 ml. water). After 2 hours the mixture w-as heated on the water-bath until 
evolution of nitrogen had ceased. The product was precipitated with ammonium hydroxide (d 0-88), 
giving l-hydroxy-^phenyl-2-methyl-\ : ^-naphthyridine, needles from alcohol, m. p. 252 — 263° (Found : 
C, 76-3; H, 5-2; N, 11-6. C^HiaONa requires C, 76-2; H, 5-1; N, 11-9%). The compound dis- 
solves in sodium hydroxide solution. 

l-ChloYo-^-phenyl-2-meihyU\ : ^-naphthyridine (V ; R — Cl). — The hydroxy-compound (V; R = OH) 
(2 g.) and ])ho.spliorus oxychloride (16 ml.) were heated under reflux at 140 — 150° for 30 minutes. The 
product, isolated in the usual way, gave l-chloYo-A-phenyl-2-mcthyl-\ : %-naphthyridine (70%), felted 
needles from aqueous methanol (charcoal), m. p, 161° (Found : Cl, 14-4. Ci^HuNjCl requires Cl, 
14-0%). 

l-Phenoxy-\-phenyl-2-methyl-\ : ^-naphthyridine separated from benzene-light petroleum in needles 
(80%), m. p. 156—157-5° (Found; C, 80-6; H, 5-3; N, 8-9. requires C, 80-7; H, 5-2; 

N, 8-9%). 

l-Anilino-^-phenyl-2-methyl-l ; %-naphthyridine formed pale vellow needles from a large volume of 
alcohol, m. p. 286—287° (Found: C, 80-4; H. 5-6; N, 13-3.' CgiHi^Na requires C, 81-0; H, 6-5; 
N. 13-6%). 

l-Piperidino-4:-phenyl-2-methyl-l : %-naphthyridine, isolated as the picrate, long yellow needles from 
alcohol, m. p. 220 — 221° (decomp, at 238°) (Found : R, 15-7. CaoHjiNj.CgH^OyNj requires N, 16-8%), 
formed pale yellow plates from benzene-light petroleum, m. p. 131 — 132° (Found : C, 79-0; H, 7-0; 
N, 14-0. CaoHjiNg requires C. 79-2; H, 6-9; N, 13-9%). 

l-Amino-2-hydroxy-4-methyl-l : ^-naphthyridine (IV ; R = OH, R' = NHg). — 2 : 6-Diaminopyridine 
(6 g.) and ethyl /3-aminocrotonate (6 g.) were heated at 180 — 200° for 2 hours, after which the tem- 
perature was raised to 220° during 45 minutes, the mixture then solidifying. The grey-green mass 
was extracted with alcohol, giving (IV; R =3 OH, R' = NHg), m. p. >360°, identified by acetylation 
and chlorination to (IV ; R = Cl, R' — NHAc), m. p. 240°, alone or in admixture with an authentic 
specimen (above), further converted into (IV ; R = OPh, R' — NHg), m. p. 214 — 216°, alone or in 
admixture with an authentic specimen. 

The authors thank the Therapeutic Researcli Cor|>oratioii of Great Britain Limited for grants and 
for certain facilities. 

Queen Mary College (University of London), E.l. [Received, December 3 Is/, 1946.] 


267. Contributions to the Chemistry of Phenanthridine. Part I. The 
Conversion of 9-{Z'-Pyridyl)phenanthridines into their QvMernary Salts 
and the Preparation of Some Derivatives of Potential Biological 
Interest. 

By V. Petrow and W. R. Wragg. 

%-(%'-Pyridyl)- (II; R === R' = H), Z-nitro-^-{%'-pyridyl)- (II; R == NO*, R' = H), and 
l-nitro-^-{Z'-pyridyl)-phenanthridine (II ; R = H, R' = NOg) have been obtained from the 
appropriate 2-nicotinamidodiphenyls, Conversion of the first two compounds into their 
mono-quaternary salts led to the formation of the py-N -methylmethosuiphates, the constitution 
of which followed from their oxidation to the corresponding 'N-methyipyridones,* As expected, 
the monomethiodide derived from Z-iZ'-keto-l'-methylrV : 6'-dihydro-Z'-pyridyl)phenanthridine 
(IV ; R = H) possessed the anticipated properties of a phenanthridyl-iV-methiodide. 

Treatment of 9-{Z'-pyridyl)phenanthridine 1' : lO-dimethiodide (VII ; R' = H, X = I) with 
excess of aqueous $<^ium hydroxide followed by potassium ferricyanide at room temperature 
gave (IV; R « H). Reaction with boiling alcoholic sodium hydroxide, however, resulted in 

♦ These ?^/’-methylpyridones may clearly be either 2'- or 6'-pyridones. The question is irrelevant 
to the present investigation and the orientation of a 6'-pyridone has been assumed throughout. 
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loss of the pyridyl-l'-methiodide grouping and the production of lO-methyl-9-phenanthridone 
(VIII), also obtained by the action of alcoholic alkaline ferricyanide on d-phenylphenanthridine 
lO-metkylmethosulphaie (IX; X » MeSOJ. 

Reduction of the two nitro-9-(3'-pyridyl)phenanthridines (II; R = NOg, R' = H, and 
R H, R' = NOg) and their py-ii*methylmeihosulp hates gave the corresponding amino- 
compounds. 


Following recent work on the relationship between structure and biological activity in the 
phenanthridine series (Petrow, 1945, 18; Walls, ibid., p. 294), we have now synthesised 
some 9-(3'-pyridyl)phenanthridines. We required these for examination as trypanocides, and 
also, from their formal analogy to the pyridyl quinolines of Coates, Cook, Heilbron, Hey, 
Lambert, and Lewis (/., 1943, 401), for study as spasmolytics. 
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Condensation of nicotinyl chloride hydrochloride with 2-aminodiphenyl in l)oiling chloro- 
benzene solution led to the formation of 2-nicotinamidodiphenyl (I ; R = R' = H) in 78% 
yield. 5-Nitro- (I; R = NOg, R' = H), and 4'-nitro-2-nicottnamidodiphenyl (I; R = H, 
R' = NOg) were similarly prepared from the appropriate diphenyls. Ring closure of these 
compounds failed to take place on heating them with phosphorus oxychloride alone, but was 
readily accomplished by using phosphorus oxychloride in nitrobenzene solution (B.P. 520, 
273; cf. Walls, loc. cit.) giving -pyridyl)- (II; R = R' = H) and Z-niiro-^-{'^'-pyridyl)- 
phenanthfidine (II ; R = NOo, R' = H) in excellent yields. When 4'-nitro-2-nicotinamido- 
diphenyl (I ; R = H, R' = NOg) was employed, however, ring closure appeared incomplete 
after 24 hours’ heating, and the yield of ^-nitro-^-(Z'-pyridyl)phenanthridme (II; R = H, 
R* s= NOg) was only 37%. This result is a further illustration of the polar influence of the 
4'-nitro-grouping in depressing the mobility of the 2'-hydrogea atom involved in ring closure 
(cf. Morgan and Walls, 1938, 390; Petrow, loc. cit.). * 

Conversion of (II ; R == R' = H) into the mono-quaternary salt may clearly involve either 
the pyridyl or phenanthridyl basic centres. We have decided in favour of the former alternative 
on the following evidence. Reaction of 9-phenylphenanthridine, a compound structurally 
related to (II ; R = R' = H) but possessing only the phenanthridyl basic centre, with methyl 
sulphate, led to the formation of 9-phenylphenanthridine lO-methylmethosulphate (IX ; 
X s= MeSOJ, converted by one molar equivalent of sodium hydroxide into the pseudo-base (X). 
Although this reaction may also yield the methohydroxide, it has been assumed by earlier 
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workers that the product obtained is actually the pseudo-base where experimental evidence 
favours such a conclusion ; pseudo-bases differ from the corresponding quaternary hydroxides 
in that they are relatively insoluble in water and soluble in non-hydroxylic solvents (e.g., 
light petroleum). The pseudo-base reverted on treatment with 1T5 molar equivalents of 
hydrochloric acid to the quaternary salt, converted by potassium iodide into the normal meth- 
iodide. These model transformations serve to characterise systems such as (IX), The reactions 
of the monoquatemary salts obtained from (II) with, in the first place, alkali, and secondly 
potassium ferricyanide-sodiuni hydroxide, however, followed a different pattern which could 
be interpreted only by assuming that it was the pyridyl nitrogen which was involved in salt 
formation. Thus both 9-{B'-pyridyl)phenanthridine V-methiodide (III ; K = R' = H, X = I) 
and 3-nitro-^‘(S^-pyridyl)phenanthridine V-methylmethosulphate (III; R = NOg, R' == H, 
X — MeS 04 ) failed to give sparingly soluble pseudo-bases w'hen treated with one molar pro- 
portion of aqueous sodium hydroxide. (Ill ; R = R' = H ; X = I) was unchanged by heating 
with excess dilute sodium hydroxide for one minute. Treatment of a warm aqueous solution 
of (III ; R = NOg. R' = H, X = MeSOJ with a large excess of sodium hydroxide precipitated 
a red amorphous material, probably the pseudo-base, which on vacuum sublimation gave a 
very small yield of S-nitro-^’-liy'-keto-V-methyl-V : (V-dihydrO‘^'-pyridyl)phenanthridine (IV; 
R = NOg), also obtained in good yield from (III; R = NO 2 , R' == H, X = MeSOJ by hot 
alkaline ferricyanide oxidation, and characterised as its hydrochloride. Attempts to oxidise 
9 -( 3 '-pyridyl)phenanthridine T-methiodide (III; R == R' = H, X = I) with potassium ferri- 
cyanide-sodium hydroxide at room temperature led to the separation of the very sparingly 
soluble ferricyanide. When the reaction was carried out at 80" (cf. Diesbach and Aeschbach, 
Helv. Chim. Acta, 1945, 28, 1392) in the presence of benzene, oxidation occurred to give 
^•{^^•ketO’V-methyUV '. %'-dihydro-Z*-pyridy1)phenanihridine (IV; R = H), characterised by 
conversion into the hydrochloride and the thiopyridone derivative. 

Conversion of (IV ; R == H) into the quaternary salt led to the formation of 9-(6^-/ee/o- 
V-methyl-V : Q'-dihydro-3'-pyridyl)phenanthridine lO-methiodide (V; X == I), a compound which 
now exhibited the typical reactions of the 9-phenyl- 10-methylphenanthridinium system (IX). 
Thus with 1*05 molar equivalent of sodium hydroxide it passed into the pseudo-base (VI), 
converted by IT molar equivalent of hydrochloric acid into the methochloride, which was 
transformed into the methiodide (V ; X = I) with potassium iodide. Attempts to oxidise 
(V; X = I) with aqueous alkaline ferricyanide at 80" in the presence of benzene were 
unsuccessful, only the pseudo-base (VI) being isolated. 

The conversion of ^-{^'-pyridyl)phenanthridine 1" : \()-dhnethiodide (VII; R' = H, X = I) 
into (VI) would complete the series of reactions (II) to (VI) by two separate routes and supply 
further expenmental evidence confirming these formulations. On treatment of (VII ; R' = H, 
X = I) with 50% alcoholic alkaline ferricyanide, however, lO-methyl-9-phenanthridone (VIII) 
was obtained in place of the expected (VI), the quaternary pyridyl group having been removed. 
The same product was also formed by emploving 9-phenylphenanthridine-lO-methylmetho- 
siilphate (IX; X = MeSO^) in place of (VII;' R' = H, X = I). Attempts to oxidise (V; 
X = I) with 60% alcoholic alkaline ferricyanide, however, gave (VI) and not the phenanthridone 
(VIII). Further work showed that (VII; R' = H, X = I) could be converted into (VIII) by 
simply refluxing it with 50% alcoholic dilute sodium hydroxide. Treatment of (VII ; R' = H, 
X = I) dissolved in a large excess of cold 2N-sodium hydroxide with potassium ferricyanide 
in very dilute solution, resulted in the loss of the quaternary group attached to the phenanthridyl 
nitrogen, the product isolated being (IV ; R == H). Pictet and Patry [Ber., 1893, 26, 1966) have 
described the alkaline ferricyanide oxidation of phenanthridine 10 -methiodide to 10 -niethyl- 
9-phenanthridone (VIII), and have also shown (Ber., 1902, 35, 2534) that steam distillation of 
phenanthridine 10-methohydroxide yields lO-methyl-9 : 10 -dihydrophenanthridine and (VIII). 
Morgan and Walls (/., 1938, 391) have obtained (VIII) by heating 9-dimethylaminophen- 
anthridine 10-methiodide with water. The formation of (VIII) from (Vll; R' — H; X = I) 
and (IX; X == 1) represents an extension of these observations, in that the elimination of a 
9 -aryl substituent is involved. This may take place by an oxidation of the tertiary C 9 alcohol 
(e.g., X), or in the case of (VII ; R' = H ; X = I) which yields (VIII) by simple treatment with 
alkali, by direct transference of hydrogen from the Cg hydroxyl group to the quaternary pyridyl 
group. 

3- (III ; R NHg, R' = H. X == Cl) and 1 • Amino-9- {3' •pyridyl)phenanthridine V-meiho- 
chloride (III ; R ~ H, R' =» NHg, X =* Cl) were best prepared from the corresponding 
methiodides. These were obtained by reducing the appropriate nitro-9-(3'-pyridyl)phen- 
anthridine I'-monomethylmethosulphate with reduced iron in acidified aqueous solution followed 
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by treatment of the reduction liquor with potassium iodide. Catalytic methods led to nuclear 
reduction. 

3- (II; R =s NHg, R' = H) and 7-Amino-9-{3'-pyridyl)phenanthridine (II; R = H, 
R' =5 NHg), obtained from the corresponding nitro-compounds by reduction with stannous 
chloride, were characterised by preparation of the acetyl derivatives. These gelatinous com- 
pounds were obtained crystalline only after sublimation in a high vacuum. 7- Amino-9- (3'- 
pyridyl)phenanthridine (II; R ~ H, R' = NHg) was also obtained in 31% yield by catalytic 
reduction of the corresponding nitro-compound in glacial acetic acid with Adams’s platinum 
oxide catalyst. When 2n -hydrochloric acid was substituted as solvent, however, simultaneous 
nuclear reduction invariably took place. As expected, attempts at the further reduction of 
the 7-amino-compound (II ; R = H, R' = NHg) in methanol or glacial acetic acid were un- 
successful, whereas nuclear reduction again occurred in 2 n - hydrochloric acid. 

The spasmolytic activities of (II ; R = R' = H), (II ; R == NHg. R' == H). and (II ; R = H. 
R' = NHg) have been very kindly determined for us by Mr. R. Thorp (Wellcome Physiological 
Research Laboratories, Beckenham, Kent). The L.D.go of all three compounds, determined 
by intravenous injection in mice, was approximately 0-06 mg./g. Upon the isolated rabbit 
intestinal segment, a dilution of 1 : 100,000 of all three substances was about as effective as 
1 : 50,000,000 of trasentin in relaxing the spasm caused by a 1 : 3,000,000 dilution of 
carbinoyl choline. Their spasmolytic activity was thus not of a high order. 

The results of trypanocidal tests on (III ; R = NHg, R' = H, X = Cl) and (III ; R = H, 
R' = NHg, X = Cl) have already been reported (Wien, Brit. J. Pharmacol., 1946, 1, 66). At 
the time these were carried out we had not reached a decision as to the structure of the mono- 
quaternary salts, to which Dr. Wien provisionally ascribed the phcnanthridyl iV-methochloridc 
formulation. 

Experimental. 

Semimicro-analyses are by Mr. S. Bance, B.Sc., A.R.I.C., Research Laboratories, May and Baker, 
Ltd. Melting points are corrected. 

2-Nicotinamidodiphenyl (I; R = R' = H). — ^Nicotinic acid (90 g.) was heated under reflux for 
1 hour with thionyl chloride (250 c.c.), the mixture taken to dryness under reduced pressure on the 
water-bath, and the residue dissolved during 20 minutes in boiling chlorobenzene (1 1.). On addition 
of 2-aminodiphenyl (120 g.) in warm chlorobenzene (200 c.c.) a vigorous reaction occurred with evolution 
of hydrogen chloride and separation of a red oil which solidified. The solid product was collected, 
washed with ether, and crystallised from solution in methanol (1 1.) by addition of excess of aqueous 
ammonia. 2-Nicotinamidodiphenyl formed colourless octahedra from aqueous methanol (157 g. ; 78%) ; 
m. p. 173—174“ (Found : C, 78-8; H, 6-1; N, 10-4. CigHuONg requires C. 78-8; H, 6-1 ; N, 10-2%)* 

b-Nitro-2-mcotinamidodiphenyl (I ; R — NOg, R' — H). — Nicotinyl chloride hydrochloride (from 
6 g. acid) dissolved in boiling chlorobenzene (35 c.c.), w’^as treated with 6-nitro-2-ammodiphenyl (7 g.) 
for 6 minutes under reflux. After addition of pyridine (10 c.c.) and heating for 5 minutes, the mixture 
was cooled and the product precipitated with light petroleum (50 c.c.). The free base was obtained 
by crystallisation from alcohol (160 c.c.)-2N-ammonia (excess). b-Nitro~2-nicotinamidodiphenyl formed 
long cream prisms from aqueous alcohol (8-6 g. ; 83%); m. p. 160 — 161” (Found : C, 67-9; H, 4-2; 
N, 13-3. CigHigOgNa requires C, 67-7; H, 4 0; N, 13-2%). 

Af-Nitro-2-nicotinamidodiphenyl (I; R = H, R' — NOg). — Nicotinyl chloride hydrochloride (from 
25 g. acid) in boiling chlorobenzene (200 c.c.) was treated with 4'-nitro-2-aminodiphenyl (35 g.) for 30 
minutes under reflux. After addition of pyridine (30 c.c.) and a further 16 minutes heating, the product 
was precipitated with an equal volume of light petroleum (b. p. 100 — 120°). By solution in pyridine 
(400 c.c, ; charcoal) and precipitation with excess of 2N-ammonia, 4f-nitro-2-nicotinamidodiphenyl was 
obtained, separating from pyridine-light petroleum (1 : 1) in small cream irregular prisms (40 g. ; 77%) ; 
m. p. 226—227° (Found : C, 67-7; H, 4-0; N, 13-4. CiaHisOaN, requires C. 67-7 ; H, 4 0; N, 13-2%). 
Attempted preparations of this compound in pyridine at 100° instead of in boiling chlorobenzene yielded 
a product which could not readily be purified. 

^-{y-Pyridyl)phenanthridine (II; R = R' — H). — Phosphorus oxychloride (30 c.c.), 2-nicotinamido- 
diphenyl (20 g.), and nitrobenzene (200 c.c.) were heated under reflux for 20 hours. The mixture was 
basifiea with concentrated ammonia at 0° and the nitrobenzene removed in steam. The solids were 
collected and dissolved in concentrated hydrochloric acid (200 c.c. ; charcoal), and the base was pre- 
cipitated with ammonia at 0°. ^-{^*~Pyfidyl)phenanthridine formed colourless needles from light 
petroleum (b. p. 80—100°) (13-6 g.; 72%); m. p. 125—127° (Found: C, 840; H, 4-7; N, 11-2. 
CiaHx jN, requires C, 84-4; H, 4-7; N, 10-9%). With methyl sulphate (0*96 mol.) in boiling benzene 
for 4 hour it gave the I'-methylmethosulphate, converted in aqueous solution into the V-methiodide 
(III ; R = R' = H, X = I), yellow elongated plates from methanol of indefinite m. p. 269 — 269° 
(Found: N, 7*2; I, 320. Ci 8 Hi 2 N„CH 3 l requires N, 70; I, 32*0%). The V-methoferricyanide, 
obtained by treating a warm aqueous solution of the I'-methylinethosulphate with potassium ferri- 
cyanide, crystallised from aqueous methanol in irregular yeUow plates, decomposing above 180° 
[Found; N, 16-2; Fe, 6-4. (Ci 2 H„N 2 )s,Fe(CN)* requires N, 16-4; Fe, 5'4%]. Reaction of (11; 
R = R == H ; 5*1 g.) with methyl sulphate (7*6 c.c. ; 4 mols.) in dry nitrobenzene (400 c.c.) at 170 — 180° 
for 30 minutes gave the 1' ; lO-dime&yldimethosulphate. Removal of nitrobenzene in steam, followed 
by addition of potassium iodide (20 g.) to the residual aqueous liquor (260 c.c.), gave the corresponding 
1^: lO-dimeihiodide (VII; R' = H, X = I). This salt formed golden irregular i>lates (8-8 g. ; 82%) 

4y 
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from water; m. p. 237 — 242° with effervescence (preheated bath at 200°), resolidif3ring and melting 
again at 270 — 27o° (Found: N, 5-2; I, 46*8. Ci8Hial^,2CH,l requires N, 6*2; I, 47*0%). 

d-NitrO“9-‘{Z'-pyndyl)phenanihridine (II ; R *= NOg, R' =» H). — ^Phosphorus oxychloride (200 c.c.), 
5-nitro-2-nicotmamidodiphenyl (90 g.), and nitrobenzene (1*6 1.) were refluxed for 20 hours. The 
brown product which separated on cooling was boiled with pyridine (1 l.)-2N*ammonia (600 c.c.). 
Z-Nitro^MZ'-^pyridyl)pkenanthridine separated from pyridine in faintly yellow felted needles (80 g, ; 
94%); m. p. 260—252° (Found; C, 71*9; H, 3*8; N, 14*0. C„H.xOaN, requires C, 71*7; H, 3-7; 
N, 13*9%). The base (15 g.) was treated in nitrobenzene (400 c.c.) with methyl sulphate (4*6 c.c.; 
0*95 mol!) at 170°, followed by precipitation with ether (300 c.c.). The V-methylmetkosuiphate (86% 
yield) formed bulky colourless needles from methanol-ether; m. p. 210 — 212° (preheated bath) [Found 
N, 9*7; S, 7*6. Ci8Hii0aN„(CH8)aS04 requires N, 9*9; S, 7*6%]. 

7-NiirO‘9-{^'-pyridyl)phenanthridine (II; R = H, R' = NO*), prepared (37% yield) in a similar 
manner to (II; R ~ NO^; R' = H) separated in felted buff needles from pyridine; m. p. 292 — 293° 
(Found: C, 71*8; H, 3*7; N, 14*0. CigHnOaNg requires C, 71*7; H, 3-7; N, 13*9%). Reaction of 
(II ; R = H, R' = NOg) in nitrobenzene at 170° with methyl sulphate (0*9 mol.) gave the V-methyl' 
methosulphate (III; R ~ H, R' = NO*, X = MeSOg), small irregular plates from methanol-ether 
(78% yield); m. p. 251 — 263° (with previous softening) [Found : N, 9*8; S, 7-6. Ci8Hxi0s|Ng,(CHa)2S04 
requires N, 9*9; S, 7*5%]. When the methyl sulphate was increased to 3 mols. the R : l9-dimethyU 
dimethosulphate (VII ; R' = NOg, X = MeSOi) was obtained, small cream plates from methanol-ether; 
m. p. 266 — 268° (with previous softening) [Found : N, 7*6; S, 11*7. Ci8HixOjN8,2(CH8)2S04 requires 
N, 7*6; S. 11*6%]. The V-methopicrate formed bright yellow irregular needles from acetone; m. p. 
300 — 302° p'ound : N, 15*4. CigHii08N3,C7H407N8 requires N, 16*6%). 

Model Experiments with Quaternary Salts oj 9~Phenylphenanthridine. — Reaction of 9-phenylphen- 
anthridine (Morgan and Walls, 1931. 2461) in benzene with methyl sulphate (2 mols.) gave the 
\9-methylmethosulphate (IX ; X = MeS04) which separated from alcohol-ether in colourless prisms, 
m, p. 222—224° [Found: N, 4*0; S. 8*4. C„Hi8N,(CHg)2S04 requires N. 3*7; S, 8*4%]. The 10- 
methiodide (IX; X = I) crystallised from water as well-defined bright yellow prisms which decomposed 
sharply at temperatures between 235 and 260°, depending on the rate of heating (Found : N, 3*7; I, 
32*1. CigHj^N.CHal requires N; 3*6; I. 32*0%). The pseudo-base (X), precipitated from an aqueous 
solution of the 10-methylmethosulphate (IX ; X MeSO*) by 1 mol. of N-sodium hydroxide, was 
extracted with ethyl acetate. It crystallised from light petroleum (b. p. 80 — 100°) in colourless prisms, 
m. p. 132—136° (Found; C. 83*8; H, 6*0; N, 5*0. CgoHiyON requires C, 83*6; H, 6*9; N, 4*9%). 
The pseudo-base (0*025 g.) dissolved in water (2 c.c.) containing N/lO-hydrochloric acid (1 c.c.; 1*16 
mol.), was treated with potassium iodide (0*3 g.), giving 9-phenylphenanthridine lO-methiodide (IX; 
X = I) identical with an authentic specimen. 

9-{i'-Keto-V-methyl-V \ 9'-dihydro-Z'-pyridyl)phenanihridine (IV; R = H). — The yellow suspension 
obtained by treating a warm solution of 9-(3'-pyridyl)phenanthridine I'-methiodide (8 g.) in water 
(400 c.c.) with potassium ferricyanide (20 g. in 50 c.c. water) was made alkaline by addition of 2N-sodium 
hydroxide (60 c.c.) and then vigorously stirred on the steam-bath for 40 minutes. Benzene (11.) was 
added to take up the product as it was formed. The red benzene layer was separated, washed with 
w*ater (50 c.c.), and concentrated to 100 c.c. under reduced pressure. Addition of light petroleum 
precipitated 9-(9'-keto-V-methyl-V : 9'-dihydro-Z'-pyridyl)phenanthridine (4*1 g. ; 70%), small buff 

prisms from chloroform-acetone; m. p. 211 — 212° (Found : C, 79*7; H, 6*0; N, 9 8. C19H14ON2 
requires C, 79*7; H, 4*9; N, 9*8%). A 67% yield of (IV ; R = H) was also obtained by adding 2 n- 
sodium hydroxide (2 c.c.) in one portion to a solution of 9-(3'-pyridyl)phenanthridine I'-methiodide 
(0*4 g.) and potassium ferricyanide (1*6 g.) in 60% ethanol (40 c.c.), and refluxing the mixture for 30 
minutes. The product was isolated by removing the ethanol under reduced pressure and extracting the 
residual suspension with benzene. Although (IV ; R = H) was largely insoluble in boiling 2N-hydro- 
chloric acid (0*13 g. in 4 c.c.), the hydrochloride was obtained by diluting a solution in warm concentrated 
hydrochloric acid (0*3 g. in 3 c.c.) with water (26 c.c.). Fawn hydrated needles separated which 
decomposed evolving hydrochloric acid gas above 205° (Found; C, 66*6; H, 5*3; N, 8*3; Cl, 10*3. 
Ci 9 Hi 40N2,HC1,H20 requires C, 66*9; H, 6*0; N, 8*2; Cl, 10*4%). The thiopyridone derivative was 
obtained by refluxing the pyridone (IV ; R = H ; 0*67 g.) in chlorobenzene (20 c.c.) with finely powdered 
phosphorus pentasulphide (1*4 g.) for 1 hour. The hot reaction mixture was filtered and the insoluble 
material triturated with 2N-sodium hydroxide (40 c.c.). The brown insoluble residue (0*3 g.) was 
collected. It crystallised from alcohol (15 c.c.) in fawn prisms (0*1 g.), m. p. 182 — 197° (Found : N, 
9*4; S, 10*8. C19HX4N8S requires N, 9*3; S, 10*6%). 

^-Nitro-9-{9'-keto-V-methyl-V : 9'-dihydro-Z''pyridyl)phenanthrid%ne (IV; R ~ NOg). — 2N-Sodium 
hydroxide (20 c.c.) was added to the yellow suspension obtained when 3-nitro-9-{3'-p3nidyl)phenanthrid- 
ine I'-methylmethosulphate (1 g.) in water (250 c.c.) at 60° was treated with potassium ferricyanide 
(3 g.). The mixture was then rapidly heated to boiling. After 15 minutes the suspension was cooled. 
The solid product, washed free from alkali, crystallised from pyridine (25 c.c.)-methanol (50 c.c.) as well- 
defined light brown needles (0*6 g. ; 66%); m. p. 304 — 305° (Found: C, 68*8; H, 4*2; N, 12*8. 
CjgHjgOgNg requires C, 68*9; H, 4*0; N, 12*7%). Sublimation of the red amorphous precipitate 
(2*2 g.) obtained by precipitating a warm aqueous solution (40 c.c.) of 3-nitro-9-(3'-pyTidyl)phenanthrid- 
ine I'-methylmethosulphate (3*2 g.) with sodium hydroxide (15 c.c. of 60% w/v. solution), at 280°/0*02 
mm. yielded a yellow crystalline sublimate (0*1 g.). After crystallisation from p3nddine-light petroleum, 
(IV ; R = NOg) was obtained, m. p. 304 — 305 , not depressed in admixture with an authentic sample 
(Found : C, 68*9; H, 4*3; N, 12*6%), Although (IV; R = NOg) was insoluble in boiling N-hydro- 
chloric acid (0*1 g. in 4 c.c.), the hydrochloride was prepared by diluting a solution in hot concentrated 
hydrochloric acid. The salt separated in well-defined brown prisms which evolved hydrogen chloride 
above 140° and melted at 303—306° (Found : N, 11*2; Cl, 9*8, CigHi80aN„HCl requires N, 11*4; Cl, 
9*7%). A mixed melting point of this hydrochloride and the corresponding base showed no depression, 

Z-jfi^-Keto-V-meihyl-V \ Z'-dihydfp-^'-pyridyl)phenanthridine \9-Methiodide (V; X =* I). — 9-(6'- 
Ketd«l'-methyl-l' : 6 '-dihydro-3 -pyridyl)phenanthridine (4*2 g.) was treated in xylene (160 c.c.) with 
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methyl sulphate (6 c.c. ; 4 mols.) for 30 minutes. The gum which separated on cooling was dissolved 
in hot water (100 c.c.). Addition of potassium iodide (9 g.) gave the methiodide, golden prisms from 
water (2*9 g.) ; m. p. 240 — 243° (decomp.) (Found: N, 6-6; I, 29-7. Cj9Hi40Nj,CH3l requires N, 
6'6; I, 29*7%). The methiodide (0-4 g.) in ethanol (6 c.c.) was treated with N-sodium hydroxide 
(1 c.c,; 1-05 mol,). On dilution with water the pseudo-base (VI) was precipitated, forming irregular 
colourless prisms from aqueous alcohol (0-24 g. ; 80%) ; m. p. 194 — 196° (Found : C, 75-3 ; H, 6-96 ; 
N, 8*9. Cj^HigOgN, requires C, 76*6; H, 6*7; N, 8*8%). The pseudo-base (0*029 g.) dissolved in 
water (6 c.c.) containing N/lO-hydrochloric acid (1 c.c.; 1*1 mol.) was treated with potassium iodide 
(0*3 g.), giving 9- (6'-keto-l '-methyl- 1' : 6'-dihydro-3'-pyridyl)phenanthridine 10-methiodide (V; X ~ I) 
identical with an authentic specimen. 

Attempted Oxidations of 9-{Z'-Pyridyl)phenanthridine V : 10-Dimeihiodide (VII; R' = H, X — I). 
— (a) 2N-Sodium hydroxide (2 c.c.) was added to a boiling solution of 9-(3'-pyridyl) phenanthridine 
r : 10-dimethiodide (0*64 g.) and potassium ferricyanide (1*6 g.) in 60% etlianol (40 c.c;). After 30 
minutes the alcohol was removed and the insoluble precipitate crystallised from light petroleum (b. p. 
80 — 100°); colourless needles of lO-methyl-9-phenanthridone (VIII) separated (0*12 g. ; 67%); m. p. 
108—110° (Pictet and Patry, Ber., 1893, 20, 1966, give m. p. 108°) (Found : N, 6-8. Calc, for CigHjiON : 
N, 6*7%). If the potassium ferricyanide were omitted in the above preparation the yield of (VIII) 
fell to 24%. When 9-phenylphenanthridine 10-methylmethosulphate was substituted for (VII; 
R' — H; X = I) in the above alcoholic alkaline ferricyanide oxidation a 23% yield of (VIII) was 
obtained (Found : C, 80-6; H, 6*6%). The identity of this product was confirmed by a mixed melting 
point determination. 

(b) Potassium ferricyanide (5*4 g.) was dissolved in a cold solution of the dimethiodide (VII; 
R' = H, X = I) in 2N-sodium hydroxide (40 c.c.) diluted to 1 1. with water. After two days the 
collected precipitated solids were extracted with ethanol (10 c.c.). The white solid which separated 
from the filtered extract crystallised from benzene-light petroleum as almost white prisms (0*13 g. ; 
46%), m. p. 206 — 210°, identical with 9-(6'-keto-l'-mct}iyI-l' : 6'-dihydro-3'-pyridyl)phenanthridine 
(IV; R - H). 

(c) A cold solution of the dimethiodide (VII; R' = H, X == I) in water (500 c.c.) containing potassium 
ferricyanide (1-0 g.) was treated with N-sodium hydroxide (3 c.c.; 3 mol.). 1 C.c. of N-sodium 
hydroxide was added daily for 7 days by which time a stringy white precipitate had separated. This 
material (0*06 g.) was crystallised from aqueous alcohol and light petroleum giving lO-methyl-9" 
phenantliridonc (VIII), m. p. 109 — 111°, mixed melting point with an authentic specimen 108 — 111°. 

3-Amino-9-(3'-pyridy/)phenant/tridine (II; R — NHg, R' = H). — 3-Nitro-9-(3'-pyridyl)phen- 
anthridine (4 g.) in concentrated hydrochloric acid (100 c.c.) was treated at the boiling point with 
stannous chloride (9 g.) in concentrated hydrochloric acid (25 c.c.), refluxing being maintained for a 
further 45 minutes. After being allowed to cool, the yellow stannichloride was collected and dissolved 
in water (40 c.c.), the base was liberated with 60% sodium hydroxide and extracted with chloroform 
(250 c.c.). After solution in 2N-hydrochloric acid (charcoal) and reprecipitation, it distilled at 230°/0'05 
mm. and was crystallised from methanol (40 c.c.) and water (10 c.c.). 3-Amino-9-(3'-pyridyl)phen- 
anthridine monohydrate formed pale yellow felted needles, m. p. 127 — 128° (decomp.) (Found : N, 
14*7, CigH 13X3,1120 requires N, 14*5%). The anhydrous base formed light brown rectangular rods 
from benzene (1*2 g.; 33%) ; m. p. 165—166° (Found : C, 79*6; H, 4*6; N, 15*3. C18H13N3 requires 

C, 79*7 ; H, 4*8; N, 16-5%) , The acetyl derivative was prepared by heating the base (0*6 g.) and a 
little anhydrous sodium acetate in glacial acetic acid (5 c.c.) and acetic anhydride (5 c.c.) for IJ hours. 
After sublimation at 260°/ 10 mm. it formed flat needles (0*3 g.) ; m. p. 253° (Found : C, 77*1 ; H, 4*9; 
N, 13*4. C30H16ON3 requires C, 76*7; H, 4*8; N, 13-4%). 

3-Amino-9-{f3'-pyridyt)phenanthridine V -Methochloride (111 ; R = NH«, R' — H, X — Cl). — Reduced 
iron (6 g.) was added as rapidly as possible to a boiling aqueous solution (40 c.c.) of 3-mtro-9-(3'-pyridyl)- 
phenanthridine I'-methylmethosulphate (4*27 g.), previously acidified (Congo-red) with 2N-sulphuric 
acid. After 30 minutes the mixture was filtered (charcoal) and treated with potassium iodide (5 g.). 
After 12 hours at 0° the solids were collected and crystallised from water (50 c.c.) and then from methanol. 
3-Amino-9-(3'-pyridyl)phenanthridine V -methiodide (III; R — NHg, R' = H, X — I) formed light 
brown irregular plates of indefinite m, p. 180 — 240° (Found: C, 55*1; H, 4*3; N, 10*4; I, 30-8. 
Ci8Hi3N3,CH3l requires C, 65-2 ; H, 3*9; N. 10*2; I. 30*8%). The methochloride (III; R = NHa*, 
R' — H; X — Cl) formed brown rods from ethereal methanol, m. p. 256 — 267° (Found : N, 131; 
Cl, 11*3. CjgHx3N3,CH8Cl requires N, 13*1; Cl, 111%). It gave positive primary amine tests. 

l-Amino-9-(3'-pyridyl)phenanthridine (II; R = H, R' = NHg) formed a bright red stannichloride. 
The base separated from chlorobenzene in yellow rods (64% yield), m. p. 227 — 229° (Found : C, 79*6; 
H, 4*6; N, 15*2. CiaHjjNj requires C, 79*7; H, 4*8; N, 15*5%). Th& acetyl derivative, after sublim- 
ation at 290 — 300°/0*01 mm., formed felted colourless needles, ra. p. 296 — 298° (Found : C, 76*5; H, 
5*0; N, 13*4. CaoHi50N3 requires C, 76*7; H, 4-8; N, 13*4%). 

l-Amino-9-[3'-pyridyl)phenanthridine V -Methochloride (HI; R = H, R' ==: NH*, X = Cl). — The 
methiodide (III ; R = H, R' = NHg, X = I) separated from water in light brown needles, m. p. 243 — 
244° (decomp.) (Found: C, 65*4; H, 3*9; N. 10*3; I, 30-8. Ci8Hi*N3,CH3l requires C, 55-2; H, 
3*9; N, 10*2; I, 30*8%). The methochloride crystallised from ethereal methanol in orange plates, 
m. p. 266—267° (Found : N, 12-8; Cl, 11*2. Ci8Hi3N3,CH3Cl requires N, 131 ; Cl, 1M%); it gave 
positive tests for a primary amine. 

We thank the Directors of May and Baker, Ltd., for facilities generously placed at the disposal 
of one of us (W. R. W.). 
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268 . A Re-examination of the Reported m-Nitration of Phenols and 

Phenolic Ethers. 

By C. A. Bunton, G. J. Minkoff, and R. I. Reed. 

The products of mononitration of phenol and anisole have been analysed by several inde- 
pendent methods for the presence of w-isomerides. The conclusion has been reached that, 
contrary to the views of earlier investigators, the proportions in which w-isomerides are formed 
in these reaction^ are less than 0‘1%. 

Arnall claimed (/., 1924, 125, 911) that 2*1 — 3*3% of m-nitrophenol is formed when phenol 
is mononitrated, as it can be, smoothly, by nitric acid in acetic acid. This conclusion is sup- 
ported by the claim of Griffiths, Walkey, and Watson (/., 1934, 631) that 1*4 — 2*2% of w-nitro- 
anisole is formed in the mononitration of anisole by nitric acid of d 1*42, by nitric acid in 
sulphuric acid, nitric acid in acetic acid, nitric acid in acetic anhydride, and by benzoyl nitrate. 
It seems improbable that strongly o^>-orienting groups like “OH and “OR could lead to 
appreciable ;^w-nitration, when the weakly o^-orienting halogens do not do so. This conclusion 
is reinforced by the consideration that the o/)-orienting property of “OR groups, as of halogens, 
in aromatic substitution, is a tautomeric effect, and, unlike the inductive effect, is almost 
wholly a polarisability, therefore leading exclusively to ^/^-substitution (Ingold and Shaw, 
y., 1927, 2918). 

Being engaged in a kinetic study of some of the special features of the mono-nitration of 
phenol and its derivatives we investigated these outstanding points concerning the orientation 
of nitration in these compounds. 

Arnall and Griffiths, Walkey, and Watson based their conclusions on thermal analyses of 
the isolated nitration products ; such methods may be unreliable unless by-products of mono- 
nitration can be removed more completely than can sometimes be established by ordinary 
analysis, however satisfactory apparently. 

We have used three methods, applying one to phenol, one to anisole, and a third to both. 
These three methods give consistent results, disagreeing with those of the previous workers. 

The first method, that of chromatographic adsorption, was applied to the product of the 
mononitration of phenol by nitric acid in acetic acid. It is possible to resolve mixtures of 
0 -, m-, and /?-nitrophenol by this method (cf. Strain, Chromatographic Adsorption Analysis 
Interscience Publishers, Inc., New York, 1942, p. 94) ; but, in application to the mononitration 
product of phenol, it was found that repeated adsorption of the various bands failed to reveal 
any trace of w-nitrophenol. This result, by itself, is not conclusive, as the method is difficult 
to standardise for small quantities of the w-compound, especially as the chromatogram is 
complicated by the presence of small amounts of derivatives of dihydroxydiphenylnitrogen 
oxide, which are formed during nitration of phenols. 

The other method applied to phenol was an extension of Albert and Large’s specific test for 
w-diamines (Nature, 1938, 142, 436; Albert, 1939, 920). They observed that w-diamines 
react with glycerol and oxalic acid in the presence of zinc or calcium chloride to give the 
fluorescent 2 : S-diaminoacridine. By addition of stannous chloride to their reagent they 
extended the test to w-nitroamines and m-dinitro-compounds. 

Our further extension of this test was to convert w-nitrophenol into m-nitroaniline by 
heating with amminozinc chloride and ammonium chloride. As the fluorescence of 2 : 8-di- 
aminoacridinc is quenched by phenols, any unconverted phenols were removed by extraction 
of the product from alkaline solution. No fluorescence was observed when this test was applied 
to the products of nitration of phenol by nitric acid in acetic acid, although when a trace of 
w-nitrophenol was first added to the nitration product a strong fluorescence was observed. 
Control experiments by this method established that the proportion of m-nitration under our 
conditions was less than 0*1%. 

The first method to be applied to the nitration product of anisole was that of thermal 
analysis; but the fractionating column used in the removal of the non-isomeric by-products 
of mononitration was probably much more efficient than any at the disposal of earlier workers. 
We investigated this mononitration under several of the conditions used by Griffiths, Walkey, 
and Watson, viz,, nitration by nitric acid of d 1*42, by nitric acid in sulphuric acid, and by 
nitric acid in acetic acid. Two methods of thermal analysis were applied to each isolated 
product. One was a determination of the eutectic temperature, as the second arrest-point 
of the cooling curve. This temperature was always that of the binary mixture of o- and 
/?-nitroanisoles to within our experimental error (about Jt: The other method involved 
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a determination of the clearing point, followed by similar determinations after additions of 
pure o-nitroanisole sufficient, first, to lower the clearing temperature in stages to the eutectic 
point, and then to raise it beyond that point. In each case, the composition-temperature 
curve thus traced coincided (to within the accuracy of the clearing point measurements : 
usually 0*3°), with the curve for binary mixtures of o- and />-nitroanisoles. This curve was 
first traced by Griffiths, Walkey, and Watson (loc, cit.), whose measurements we confirm. 
These determinations showed that the proportions of m-isomeride in our mononitration pro- 
ducts could not have been more than a small fraction of 1%. 

The second method applied to the mononitration products of anisole was the fluorescence 
test as described for the nitrophenols. Like m-nitrophenol, m-nitroanisole is converted into 
w-nitroaniline by heating with amminozinc chloride and ammonium chloride, and the product 
can be converted into 2 : 8-diaminoacridine by the method of Albert and Large. This test 
gave no detectable fluorescence when applied to the nitration products of anisole, although, 
as with phenol, a readily detectable fluorescence Avas obtained on the addition of small amounts 
of m-nitroanisole to the nitration product. Control experiments on these lines give an upper 
limit of 0-1% of m-nitration in the mononitration of anisole. 

Thus it is proved by three independent methods that the proportions of ^w-isomeride formed 
in the mononitration of phenol and anisole are lower than we could detect, and very much 
lower than the proportions previously reported. 

Experimental. 

Materials. — Phenol was dried and distilled under reduced pressure in an all-glass apparatus. 
Anisole, alkali- washed and distilled, had b. p. 154 — 154-5°. The nitrophenols, from British Drug 
Houses, Ltd., were not further purified. The m- and ^-nitroanisole, after crystallisation from aqueous 
alcohol, and the o-nitroanisole, prepared from steam-distilled o-nitrophenol and distilled, had m.p.s 
agreeing with those of Griffiths, Walkey, and Watson (here given in parentheses) ; o-, 10*4° (10-45°) ; 
W-. 35-7° (35-5°) ; p-, 52-1° (62*0°). Acetic acid was purified with chromium trioxidc and fractionated. 
Nitric acid (95%) was distilled successively from 100% sulphuric acid and barium nitrate. 

Miscellaneous Methods. — The initial content of the lower oxides of nitrogen in the nitrating mixtures 
was determined by the chloramine-x method (von Eck, Pharm. Weekblad, 1926, 63, 1117; see also 
Minkofl, Thesis, London, 1945). The nitration of phenol by nitric acid in acetic acid was carried out 
with excess of phenol at 20°. The nitration products were poured into excess of alkali, and unchanged 
phenol was removed by treatment with carbon dioxide and ether. The mixture was just acidified 
with acetic acid, extracted with ether, and washed. The ether was removed, and the product dried 
in a vacuum desic:.ator. The nitrations of anisole by nitric acid (d 1-42), by nitric acid in sulphuric 
acid, and by nitric acid in acetic acid, were carried out essentially as described by Griffiths, Walkey, 
and Watson (loc. cit.). The products were extracted by ether from excess of alkali. Activated alumina 
was used for chromatographic adsorption; mixtures of ether and benzene were used as solvent, and 
in order to develop the chromatogram. Nitrophenols and nitroanisoles, either reference specimens or 
nitration products, were converted into nitroanilines by heating with amminozinc chloride (4 parts) 
and ammonium chloride (1 part) at 330° for 30 hours (cf. Menz and Muller, Bet., 1886, 19, 2916). The 
nitroanilines were then treated by the method of Albert and I-arge (loc. cit.). Cooling curves were 
determined in double-walled tubes, with stirring. Clearing points were determined in narrow, thin- 
walled tubes with stirring by a fine glass rod. 

Examples of Thermal Analyses for the Nitration of Anisole. — (a) Anisole (0-95 g.-mol.) was treated 
with nitric acid (d 1-42; 1 g.-mol.) at 45° for 5 hours with continuous stirring. The product yielded 
the following data : Eutectic temperature from cooling curve, — 7-0°. Clearing point, -f 23-3°. De- 
duced composition o-/(o- -}- />-) =43-1% (Found: C, 55-9; H, 4-7; N, 9-1. Calc, for C^H^OsN : 
C, 55-0; H, 4-8; N, 9-1%. Purity by TiClg equivalent, 99-8%). Mixtures of the product with 
o-nitroanisole gave the following results : 


Calc. % 0 - after addn 43-1 65-0 69-8 80-0 84-5 

Clearing point, calc (-f23-3°) -f0-6° —6-3° —0-6° -f2-6® 

„ ,, obs -1-23-3° +0-9° -6-1° -0-4° +2-3° 


(b) Anisole (0-46 g.-mol.) was treated with a mixture of nitric acid (d 1-42 ; 0-5 g.-mol.) and sulphuric 
acid (0*5 g.-mol.) at 45° for 4 hours with continuous stirring. The product yielded the following data : 
Eutectic temperature from cooling curve, — 7-3°. Clearing point, + 26*2°. Deduced composition, 
o-y(o- + P-) = 39-8% (Found : C, 55*4; H, 4*5; N, 9-9%. Purity by TiClg equivalent, 99*9%). 


Calc. % 0 - after addn 39-8 66-6 68-1 72-8 77*1 

Clearing point, calc (+26-2°) -1*9° -4-0° -5*4° -2-4° 

., „ obs +26*2° -1*9° -4-3° -5-5° -2*1° 


(c) Anisole (0*06 g.-mol.) was treated with 200 c.c. of nitric acid (3m) in acetic acid at 20° for 12 
hours, the initi^ concentration of nitrous acid being 0*03m. The product yielded the following data : 
Eutectic temperature from cooling curve, — 7*2°. Clearing point, + 33-0°. Deduced composition, 
o-/(<?. +^.) =30-5% (Found: C, 56-0; H, 4-8; N, 9-0%. Purity by TiClj equivalent, 100-1%). 

Calc. % 0 - after addn 30*5 47-4 64*6 71*3 75*1 84*5 

Clearing point, calc ( + 33-0°) +20-2° +1-5° -6-4° -3-8° +2-0° 

„ „ obs -|-330° +20-4° +2-0° -6*1° -3-7° +2-5° 
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Notes. 


(d) Anisole (0*05 g.-mol.) was treated with 200 c.c. of nitric acid {6‘3 m) in acetic acid at 20® for 
15 hours, the initial concentration of nitrous acid being 0*1 2m. The product yielded the following 
data : Eutectic temperature from cooling curve, — 7*0°. Clearing point, -f 30*4®. Deduced com- 
position, o-/(o- -f i!>') = 340% (Found; C. 56*1; H, 4*7; N, 10*0%, Purity by TiCl, equivalent, 
99*8%). 


Calc. % 0- after addn 34*0 44*4 69-6 74 0 87-5 

Clearing point, calc (+30-4°) -f22-7® -f7*6® — 4-6® +3*8® 

„ obs +30*4® +23*0® +7*5® ~4*4® +3*6® 


Synthetic mixtures, (i) A mixture of o- and ^-nitroanisole of composition o-/(o- + />•) = 69*3% 
gave the following results : Eutectic temperature, — 7*2® (Griffiths et at. give the same value). Clear- 
ing point, — 6*8® (interpolated from accepted values, — 5*7®). Clearing point after addition of 2*0% 
of w-nitroanisole, — 6*7®. 

(ii) A mixture of o* and />-nitroanisole of composition o-/(o- + p-) = 81*8% gave the following results ; 
Clearing point, + 0*9® (interpolated from accepted values, + 0*7®). Clearing point after addition of 
1*6% of m«nitroanisole, + 0*6®. 

Microanalyses were carried out by Drs. G. Weiler and F. B. Strauss of Oxford. 

The authors wish to thank Professor E. D. Hughes and Professor C. K. Ingold for their encourage- 
ment and interest in tliis work. 

Sir William Ramsay and Ralph Forster Laboratories, 

University College, London. [Received, January 2nd, 1947.] 
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1 ; 9~Diaminoacyidine. By (Miss) E. K. Klein and F. N. Lahey. 

With the appearance of a paper by Albert, Rubbo, Goldacre, Davey, and Stone (Brit. /. Exp. Path., 
1945, 26, 160) and one by Craig (/,, 1946, 634), in which reference was made to 1 : 9-diaminoacridine 
supplied by one of us, it becomes desirable to record the synthesis of this substance, although the work 
for which it was prepared has not yet been successfully concluded. 

The synthesis was accomplished along standard lines. Condensation of 2-bromo-3-nitrobenzoic 
acid with o-nitroaniline in the presence of sodium carbonate without the use of a solvent gave 
2 : 2'-dinitrodiphenylamine-6-carboxylic acid. The same product was obtained from 3-nitroanthranilic 
acid, O‘bromonitrobenzene, and sodium carbonate with nitrobenzene as a solvent. Ring closure of 
2 : 2'-dinitrodiphcnylamine-6-carboxylic acid was accomplished with either sulphuric acid or phosphorus 
oxychloride yielding 1 : 9-dinitroacridone, which was readily reduced to 1 : 9-diaminoacridone by 
stannous chloride and hydrochloric acid or by sodium hydrosulphite. Reduction of 1 : 9-diamino- 
acridone with sodium amalgam gave 1 : 9-diaminoacridinc directly, apparently without the intermediate 
formation of the acridan. 

1 : 9-Diaminoacridine crystallises in yellow needles, m. p. 177®. It gives a colourless hydrochloride 
and is further characterised by the formation of an acetyl derivative, m. p. 260 — 261®. 

2 : 2'-Dinitrodiphenylamine-iS-carboxylic Acid. — (a) 2-Bromo-3-nitrobenzoic acid (5*0 g.), u-nitroaniline 
(5*0 g.), sodium carbonate (2*0 g.), and a trace of copper powder were thoroughly mixed and heated at 
190 — 210® for 2 hours with stirring. On cooling, benzene was added, and the sodium salts were 
filtered off and taken up in hot water. On cooling this solution in ice, the sodium salt of 2 : 2'-dinitro- 
diphenylamine-6-carboxylic acid separated, and was filtered ofi and acidified with hydrochloric acid. 
2 : 2'-Dinitrodiphenylamine-e-carboxylic acid crystallised from ethyl alcohol or xylene in yellow crystals, 
m. p. 246®. Yield, 1*2 g. (Found : N, 13*84. CnH.OeNj, requires N, 13*86%). 

^ mixture of sodium 3-nitroanthrahilate (4*1 g.), o-bromonitrobenzene (6*0 g.), sodium carbonate 
(1*06 g.), a trace of copper powder, and nitrobenzene (30 ml.) was refluxed for 4 hours. It was then 
poured into benzene and the precipitated sodium salts filtered off. The acid obtained on acidification 
was recrystallised from ethyl alc^ol, and was identical with that recorded above. Yield, 1*6 g. 

1 : ^-Dinitroacridone. — 2 : 2'-Dinitrodiphenylanune-6-carboxylic acid (1*0 g.) and concentrated 
sulphuric acid (7 ml.) were heated on a steam-bath with stirring for 16 minutes. The dark green solution 
was then poured on ice. The precipitated 1 : %-dinitiroacridone was filtered off and heated with sodium 
solution and then with water. It crystallised from xylene in fluffy orange crystals, m. p. 
257 258 . Yield, 0*7 g. (Found : C, 54*9; H, 2*6. CiaHyOjNj requires C, 64*7; H, 2*6%). The 
same compound was obtained by using phosphorus oxychloride for ring closure. . 

/lA^ refluxed with phosphorus oxychloride 

(lu ml.) for 1 hour. The excess of phosphorus oxychloride was removed under reduced pressure and the 
dark r^idue treated with water and filtered off. The brown solid was boiled for 16 minutes with 6% 
hydrochloric acid and again filtered. It was then dissolved in boiling N/5-potassium hydroxide (60% 
^cohol). From this solution, 1 : 9-dinitroacridone was precipitated with dilute hydrochloric acid. 

X leici, v*v g. 

•^-P^i^w,inoMridone . — Stannous chloride (2*6 g.) was dissolved in boiling concentrated hydrochloric 
acid (9 ml.) and the solution saturated with hydrogen chloride. 1 ; ^-Dinitroacridone (1 g.) was added 
stirring, and the boiling continued for half an hour after the addition was complete. 
The stafime chloride complex (1*8 g.) which settled out was filtered off, washed with ether and dissolved 
m 6U ml. of hot water. The solution was cooled in ice and a slight excess of ammonia (d 0*88) added. 
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The yellow precipitate was dried and extracted repeatedly with boiling absolute alcohol. Evaporation 
of the alcohol gave 1 ; d-^iaminoacridone as greenish-yellow needles which did not melt up to 320°. 
Yield, 0-4 g. (Found : C, 68*7 ; H, 4-6. C^HnONa requires C, 69-3 ; H, 4-9%). 

An easier method of reduction involved the use of sodium hydrosulphite, 1 : 9-Diaminoacridone 
(1-0 g.) was suspended in hot aqueous ethyl alcohol and sodium hydrosulphite added with constant 
stirring until a clear red solution v^s produced. A little hydrochloric acid was added and the solution 
boiled for J hour. Ammonia precipitated the 1 : 9-diaminoacridone. Yield, 0-6 g. 

1 : 9-Diafninoacridine, — 1 : 9-Diaminoacridone (0-3 g.) was suspended in 30 ml. of water at 80°. 
Sodium amalgam (5% ; 12-0 g.) was added gradually over 2 hours with stirring, and heating continued 
for another 2 hours. After cooling, the precipitate was filtered off, washed with water, and crystallised 
from 30% alcohol. Yield, 0-22 g. 1 : 9-Diaminoacridine formed golden-yellow crystals, m. p. 177° 
(Found: C, 74-6; H, 5*3. CjaHuNg requires C, 74*6; H, 6*3%). It gave a colourless solution in 
hydrochloric acid. Treatment with acetic anhydride and working up in the usual way gave a diacetyl 
derivative, m. p. 250 — 251° (Found : N, 14*5. CiyHijOaNg requires N, 14-2%). — University of 
Melbourne. [Received, Novemhef 28M, 1946.] 


The Preparation and Bacteriostatic Action of Some Aminochalkones and Related Compounds, 

By D. H. Marrian, P. B. Russell, and A. R. Todd. 

Kuhn, Moller, Wendt, and Beinert {Ber., 1942, 76, 711) prepared a number of analogues of the 
sulphonamide drugs in which a ^-aminobcnzoyl group was substituted for the ^-aminobenzenesulphonyl 
residue and showed that they possessed much weaker bacteriostatic properties than sulphanilamide. 
Later, however, Kuhn, Mdller, and Wendt tfier,, 1943, 76, 405) showed that 4 : 4'-diaminobenzil has 
from two to six times the activity of sulphanilamide against Staph, aureus, and has accordingly about 
30 times the activity of 4 : 4'-diaminobenzophenone. As an aspect of certain other investigations in 
this laboratory it seemed of interest to prepare and test some aminochalkones and related compounds 
of type (1), partly in view of the above findings and partly because of the presence of the grouping 
~C=C~CO-- in a number of naturally occurring antibiotics. 


(I-) 


”^CO-CH=CHR' 


4 : -Diaminochalkone (I ; R = NHj ; R' = ^-NHi'C^jH^) was prepared by reduction of 4-amino- 
4'-nitrochalkone, itself obtained by hydrolysing N : co-bis-^-nitrobenzylidene-/>-aminoacetophenone 
(Scholtz and Huber, Ber,, 1904, 87, 390), 4-Aminochalkone (1; R = H; R' = ^-NHg*CeH 4 ) was 
prepared by reduction of the corresponding nitrochalkone with iron and acetic acid, and 4'-aminochalkone 
(I; R s= NHa*, R' = Ph) by hydrolysis of AT : <o-dibenzylidene-^-aminoacetophenone. p-^wino-w- 
cinnamylideneacetophenone (I; R = NH 2 ; R' = CHXH*C 4 H 5 ) and 'p-amino^ia-furfurylideneaceto-' 
phenone (I ; R = NHg ; R' = a-furyl) were prepared in similar fashion by hydrolysing the corresponding 
di-compounds. 

The above compounds were tested against Staph, aureus and Strept. hcemolyticus by a serial dilution 
method in glucose broth and on a synthetic medium. Although all of them showed some activity 
(cf. Table) it was in no case of a high order. None showed any activity against Esch, coli or Pseudo- 
monas pyocyanea. 

Maximum dilution inhibiting 


4 : 4'-Diaminochalkone 

4-Arainochalkone 

4'-Aminochalkone 

I; R=NHa; R'=CH:CHPh 
I; R=NHa; R' = a-furyl .. 


Staph, aureuc. 

Synthetic Glucose 
medium. broth. 

1 / 10,000 — 

1/5,000 — 

1 / 10,000 — ■ 


.... 1/10,000 1/5,000 

* Partial inhibition. 


Strept. hcemolyticus. 

Synthetic Glucose 

medium. broth. 

1 / 100.000 1 / 10,000 

1/50,000 1/5,000* 

1/ 10.000 — 

1/5,000 1/5,000 

1/5,000* 1/5,000 


i-Nitro-if-aminochalkone. — N : a)-bis-]!>-nitrobenzy]idene-/?-aminoacetophenone (3 g. ; Scholtz and 
Huber, loc. cit.) was dissolved in ethanol (250 c.c.) and the solution acidified with dilute sulphuric acid. 
The precipitated sulphate was collected and dissolved in water, and the solution was made alkaline with 
sodium hydroxide. 4t-NitrO‘4:'-aminochalkone (2-5 g.) separated as an orange-red microcrystallinc powder ; 
recrystallised from aqueous ethylene glycol monomethyl ether it had m. p. 220 — 221° (Found : C, 
66*6; H, 4*6; N, 10-4. requires C, 67 0; H, 4-5; N, 10-4%). 

4 : ^'-Diaminochalkone. — 4-Nitro-4'-aminochalkone (0*5 g.) was dissolved in acetic acid (6 c.c.) 
and the hot solution poured into a suspension of iron filings (2 g.) in dilute acetic acid (30 c.c. of 5%). 
The mixture was refluxed until aU the nitro-compound had gone into solution, and then filtered hot. 
The filtrate, on cooling, deposited 4 : 4'-diaminochalkone as a crystalline powder. RecrystalJised from 
ethanol the product formed orange needles (0-36 g.), m. p. 183 — 184° (Found : C, 75-5; H, 6*4; N, 11*5. 
Ci*Hi 40 N 2 requires C, 76*5 ; H, 6*2 ; N, 11-8%) ; in pyridine solution it showed the blue fluorescence in 
ultra-violet light characteristic of 4-aminochalkones (Pfeiffer et at., Annalen, 1925, 441, 228), and on 
treatment with benzaldehyde it gave a dibenzylidene derivative, m. p. 180 — 181° (Found : N, 7 0. 
requires N, 6-8%). 

4f-Am%nochalkone.^ — Prepared by treatment of N ; a>-dibenzylidene-/>-aminocctophenone with dilute 
sulphuric acid, 4-aminochalkone had m, p. 105 — 106°. Dilthey, Neuhaus, Reis, and Schommer if. 
pr. them., 1930, 184 , 81) give m. p. 108°. 
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4*i4mm0cA^^O9t«.^-Nitrochalkone (Sorge* Btr,, 19(^2, 85, 1068) (1 g.} was dissolved in hot acetic 
acid (3 c.c.) and added to a suspension of iron filings (2 g.) in dilute acetic acid (30 cx. of 6%). The 
mixture was heated for 2 hours on the steam-bath, filter^, and cooled. The 4-aminochalkone which 
separated was recrystallised from aqueous ethanol, and thus obtained as deep yellow plates, m. p. 161 — 
162®. Rupe and Porai-Koschitz {Chem, Zenit,, 1906, II, 1761), who prepared the substance by a different 
route, give m. p, 161®. 

^Aminchoi-cinnamylideneacetophenone, — N : w-Dicinnamylidene-^-aminoacetophenone (Scholtz and 
Huber, loc, ciU) (3*6 g.) was dissolved in a mixture of ethanol (20 c.c.) and dilute sulphuric acid (6 c.c. of 
2 n), and the solution was heated on the steam-bath for 10 minutes and then cooled. The precipitated 
sulphate was collected and dissolved in water, and the solution was made alkaline with sodium hydroxide. 
The free base which separated was recrystallised from aqueous ethanol ; it formed long yellow needles 
(2-1 g.; 83%), m. p. 169--160® (Found: C, 81-6; H, 63; N, 6-9. Ci.HijON requires C, 81*9; H, 
6*2; N, 6‘8%). 

N : cj-Difurfurylidene-p-aminoacetophenone. — /)-Aminoacetophenone (2*7 g.) and furfuraldehyde 
(3*85 g.) were dissolved in ethanol (26 c.c.), and cooled to 0®, a solution of potassium hydroxide (1*08 g.) 
in ethanol (20 c.c.) was added, and the mixture was allowed to stand overnight. The crystalline material 
which separated was recrystallised from ethanol. The compound formed yellow needles (4 g.), m. p. 
103 — 104® (Found : C, 74*6; H, 4*4; N, 6*1. CjgHijOjN requires C, 74-2 ; H, 4-6; N, 4*8%). 

•p-Amino-w-furfurylideneacetophenone, — N : <i)-Difurfuryliaene-^-aminoacetophenone was hydrolysed 
with sulphuric acid in the normal manner (see above). Recrystallised from water, the compound formed 
yellow needles, m. p. 113 — 114® (Found: C, 72*9; H, 5*3; N, 6*6. CuHjiOjN requires C, 73*2; H, 
5*2; N,6*7o/o). 

The microbiological assays were carried out in the laboratories of Glaxo Laboratories Ltd., to whom 
our thanks are due. Grants from the Agricultural Research Council are gratefully acknowledged — 
Ukiversity Chemical Laboratory, Cambridge. [Received, December 1946.] 


Some New Condensation Products of Ethyl cycloPentanone-^-carhoxylate with Aromatic Amines, 

By H. C. Barany and M. Pianka. 

For the formation of substituted anilides of cy4;/opentanone-2-carboxylic acid a slight modification of the 
method of Blount, Perkin, and Plant (/., 1929, 1983) was employed. 0*026 Mole of the amine was 
gradually added to 0*1 mole of boiling keto-ester containing 0*6 c.c. of pyridine. The mixture was boiled 
for 2 minutes, cooled, and allowed to crystallise. In some cases crystallisation set in only after some days. 
Crystals were filtered off, washed with cold ethanol, and treated with a 4% sodium hydroxide solution 
to free them from any anil formed. The solution was filtered and acidified with dilute acetic acid. 
The precipitate was filtered off, dried, and recrystallised from ethanol or amyl alcohol. The condensation 
products prepared are shown in the table opposite. 

The condensation products were coupled in alkaline solution with phenyldiazonium chloride, yielding 
dyes insoluble in water, but soluble in lower alcohols, acetone, and ether, and ranging in colour from 
lemon-yellow to orange-red. 

On application of the film strip test (Weissberger and Porter, /. A met, Chem, Soc., 1943, 66, 1602), 
consisting of immersing an exposed strip of photographic film in a 3% sodium carbonate solution of 
equal weights of the anilide to be tested and iVN-diethyl-^-phenylenediamine hydrochloride for 6 minutes, 
rinsing with water, and bleaching out the silver and silver halide, coloured strips ranging from greenish- 
yellow to light brown were obtained. 

Mr. Edgerton and the Directors of Dufay-Chromex Limited are thanked for permission to publish 
this note and Mr. H. D. Murray and Mr. B. Gluck for suggesting the use of the anilides in colour photo- 
graphy. — Research Laboratories, Dufay-Chromex Limited, Elstree, Herts. [Received, December 
m, 1946.] 



[1947] 


Notes 


1421 



2 ^ 
^ ® 00 o U 5 0^ »0 

CO »b 6 »o 6 ob 


^CO-*i< ^(^^ 00 C 0 »O Oi 

O^ O <N rH ^ O O 

cbt^^iOcb cb 


00 •«J*QO?DOcO 

I 1 *=? 29 9 9 9^ 9 9 

II »H Of-HC^ co»ojib»oo 

COiOUd COCOCOt^t'* 


o ^ |> lO ‘ 
j O l> o 
■ o ob lb o 

•-' <M <:m 


I lTTr9®'7<'7<0'7<<»f-^COiOCOCOCOCO 

cococoib'^ibibcbcb'^ibibtbocbcbcb 


OT05OOe*5oo»0'^^O0s©O»-i^'-H 

«©i^ib'^TH'^;bcbi>cbibcbclbcbocb 


I ‘^99999999'7'*^°®‘^®9'-r‘* 

^ Ol0»0®©©©t>»l>l'»CDC0©. 



94 

UfS o 

X 




99 

^2; 

o 

lO 

q,o“ o 

6 

«a 

1-1 f 

O 

Id 


o 

o 

X 

w“ 

w" 

9> 

ei iH 



94 

V 

OCJ CJ 

V 

CJCJ 

CJ 

CJ 

CJ 




1422 


Alexander : Some Applications of 


Some Applications of Surface Chemistry to Problems in Colloid Science. 

The Tilden Lecture, delivered before the Chemical Society on February 0th, 1947, 
AND AT THE UNIVERSITY COLLEGE OF NOTTINGHAM ON MARCH 18TH, 1947. 

By A. E. Alexander, B.Sc., M.A., Ph.D. 

Surface chemistry, or surface physical chemistry as it might more appropriately be termed, 
is concerned with the study of interfaces, generally those of macroscopic area. The field is 
now an extensive one and for that reason this lecture will be restricted to the three interfaces 
air- water, oil-water, and solid-liquid, which are of particular relevance to typical colloidal 
systems such as foams, emulsions, proteins, pastes, bacteria, etc. One important aspect, 
namely, reactions at interfaces, was surveyed by Professor Rideal in his recent Liversidge 
Lecture. ^ 

In order to appreciate the results an outline of the principal experimental techniques, 
particularly those of more recent development, is desirable. 

The study of insoluble monolayers at the air-water surface, based upon the classical work 
of Langmuir and of Adam, and later extended by Rideal, Harkins, and many others, un- 
doubtedly forms the basis of our present knowledge of surface phenomena. The principal 
measured quantities of the monolayer are its surface pressure, 11 (11 = ywater — ymm)» its sur- 
face potential, AF (AF = Fwatcr — ai^d its mechanical properties (viscosity and elas- 

ticity), all measured as a function of the molecular area (A). 

Several techniques for the automatic recording of U-A and A V-A curves have been devised ; * 
these are particularly useful for examining phase changes and stability ranges in condensed 
monolayers, A simple film balance recently described ® makes the accurate study of 11-/4 
curves readily accessible. 

Condensed monolayers on water can frequently be transferred to a solid surface by a simple 
dipping process, and layers many molecules thick have thus been built up. These “ multi- 
layers,” or ” built-up films ” as they are termed, find a number of applications, particularly 
where very thin layers of known thickness are required.* 

Oil-water interfaces are clearly more directly related to emulsion and biological systems 
than are air-water interfaces, but the study of insoluble monolayers there has proved much 
less amenable. However, accurate 11—^ curves can now be measured by means of a technique 
based upon the ring method for surface tension.® Some studies of “ interfacial potentials ” 
(AF) and of the mechanical properties of such films have also been carried out.® 

With adsorbed films at mobile interfaces recent interest has been largely concerned with 
the study of rates of adsorption and desorption. Slow changes can readily be followed by 
any of the standard methods for boundary tension; for rapid adsorptions the oscillating- jet 
method recently developed and extended to oil-water interfaces,'^ and a method utilising 
surface potentials,® are available. 

As regards ad.sorbed films at the solid-liquid interface, mention may*be made of a recent 
simple method for surface-area determination of fine powders. It merely involves using 
long-chain polar compounds, in organic media, as adsorbates, and determining the concen- 
tration before and after adsorption by spreading as a monolayer on a film balance.® The 
adsori^tion isotherm and the saturation uptake, giving the specific surface, are obtained in 
the usual manner, a value of 20 a.® per long-chain molecule being assumed at the saturation 
point. 

Having outlined the basic techniques, it is now possible to survey those results which bear 
directly upon a number of problems in colloidal systems. 

The first problem considered will be the proteins, or rather certain aspects connected with 
them. In addition to their obvious biological importance proteins are common stabilising 
agents for foams and emulsions, an aspect discussed in more detail below. 

Despite their solubility in water, proteins can usually be spread quantitatively as homo- 
geneous monolayers at both air-water and oil-water interfaces. Such monolayers have been 
extensively studied in the hope of throwing some light upon the structure of the native protein 
molecule, as well as upon the formation and structure of protein membranes. In addition, 
attempts have been made recently to determine the molecular weight of proteins from U-A 
curves of monolayers in the gaseous state.*® The technique here is not simple, since measure- 
ments have to be made at very large areas and therefore at minute surface pressures. As an 
illustration of the method, egg albumin has given values of 40,000 *® and 44,000,** close to the 
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accepted value for this protein in solution. In the case of haemoglobin the ** surface molecular 
weight ** of 12,000 at the air-water interface indicates splitting into some five or six fragments 
(cf. results for haemoglobin at an oil-water interface, mentioned below). 

At the air-water interface the monolayers from widely different proteins are remarkably 
similar as regards their n-.4 curves, although their viscosity and elasticity characteristics may 
vary considerably. Spreading appears to be accompanied by the complete loss of solubility 
and, in general, of enzymatic and specific immunological properties, indicating very radical and 
irreversible changes in structure. Such changes are believed to arise from the polypeptide 
chains in the protein molecule, originally coiled in some way so as to give a corpuscular form, 
being unrolled and reorientated on the surface by the action of the very asymmetric field at 
the interface. Other notable features are the ready formation of two-dimensional elastic gels 
showing marked hysteresis, and the ease of compression to areas (often less than 10a.* per 
residue) which appear too small for a close-packed monolayer. Oil— water interfaces of high 
interfacial tension show very similar phenomena, but as the tension is reduced the protein 
molecules appear to suffer less drastic changes (see also below) . 

Early speculations concerning the molecular structure of protein monolayers were not very 
conclusive, largely because of insufficient knowledge of the behaviour of linear polymers at 
interfaces, and of the bonding between the polar groups present, particularly between >C— O 

“* + 

and H — N< in the main chain, and groups such as “COO and NH3 in the side chains. A recent 
study of monolayers of synthetic linear polymers of known structure {e.g., poly-acrylates, 
poly-methacrydates, nylons, etc.) has enabled the contribution from the first of the above 
factors to be assessed much more precisely. Collapse of such films, and probably therefore 
of proteins too, leads to the formation of a thickened layer or overfilm rather than to a looping 
of the chains beneath the surface as previously believed by some workers. It may be men- 
tioned that films built up by the multilayer technique from monolayers of amorphous polymers 
have been shown by electron diffraction to possess a much higher degree of order than those 
formed by the more usual methods.^* 

The interaction between the polar groups in proteins, in particular the extent of hydrogen 
bonding between the >C— O and H — N<Z groups of adjacent chains, has been investigated by 
comparing monolayers of simple paraffin-chain compounds containing the “"CO’NH^ group 
(e.g., acetamides, ureas) with the analogous esters and ketones, where intermolejcular hydrogen 
bonding is impossible. The replacement of -()- or “CHg"" by “NH- brings about striking 
changes in monolayer properties, and the conclusion is reached that intcrmolecular hydrogen 
bonding is certainly of major importance in protein monolayers. This approach enables 
reagents known to bring about changes in native proteins (e.g., urea) to be assessed as regards 
their action upon the keto-imino-hydrogen bonds. 

Turning now to two closely related classical colloidal systems, namely, foams and emulsions, 
the principal problems arising are as follows : the adsorption of the stabilising agent during 
the dispersion process, the structure of the adsorbed film and its importance in relation to the 
gross stability, and finally the desorption of stabilising agent as re-aggregation occurs. Surface 
chemistry has been able to supply considerable information about all of these problems, although 
it must be confessed that the picture is by no means complete. 

The rate of adsorption at an air-water interface, which is usually followed by surface- 
tension measurements, is found to occur much more slowly than predicted by classical diffusion 
theory.^® In the case of soaps and dyes, for example, the ratio of the calculated to the observed 
rate may be 10* or more. The hindrance to diffusion has usually been ascribed to an electro- 
static potential barrier at’ the surface, arising from the presence of the adsorbed layer of long- 
chain ions, but the fact that similar anomalies arise with un-ionised compounds (e.g., p-phenyl- 
propionic acid at pH 2) shows that this factor is certainly not the major one. The rate of 
attainment of equilibrium is accelerated by the presence of other surface-active substances, 
by insoluble monolayers, and by replacing the air by an oil phase.® Such experiments suggest 
that the main factor in these slow diffusions arises from the steric hindrance which a long 
hydrocarbon chain encounters when endeavouring to penetrate a comparatively close-packed 
monolayer. Anomalously slow adsorption of long-chain polar compounds can also occur 
from an oil phase to an aqueous interface, a phenomenon closely related to their well-known 
tendency to aggregate in organic media.’® 

Desorption, even with molecules of not particularly complex structure (e.g., p-phenyl- 
propionic acid), appears to be an equally hindered process, although little has been done on 
this aspect, particularly at oil-water interfaces. Compression of a film adsorbed at an air- 
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water interface may even lead to the adsorbate separating out on the surface as a crystalline 
or liquid aggregate.^’ 

The structure of the stabilising film in foams and emulsions, in particular whether the 
thickness is uni- or multi-molecular, can frequently be inferred indirectly from surface studies. 
In the case of water-soluble compounds {e.g., soaps, and the lower fatty acids or alcohols) 
an equation of state can be deduced from the study of homologous longer-chain compounds 
which form insoluble monolayers, and this enables the adsorption, if confined to a monolayer, 
to be calculated at both oil~water and air-water interfaces, The values thus calculated for 
the two most accurately studied compounds are seen from the data below to agree closely 
with the experimental ones obtained by McBain and his co-workers using the microtome 
method. 

Adsorption. 

Solute. Calc. Exptl. 

/3-Phenylpropionic acid 8*3 x 10'* g./cm.* 7*7 x 10~* g./cm.* 

Laurylsulphonic acid 6-7 x 10'^* g.-mol./cm.* 6*2 — 5*7 x g.-mol./cm.* 

The conclusion is therefore drawn that in foams, and by analogy also in emulsions (oil-in- 
^vate^ type), stabilised by water-soluble soaps, the interfacial films are no more than unimolecular 
in thickness, and are in a highly compressed gaseous (and hence fluid) state, with molecular 
areas of ca, 30 a.® for simple straight paraffin-chain derivatives. Stabilisation arises chiefly 
from the marked reduction in the surface energy of the system, although other factors, par- 
ticularly the surface viscosity of the adsorbed film, also play a part. The close connection 
between the lowering of interfacial tension and emulsion stability is shown particularly by 
systems stabilised by interfacial complexes formed between a water-soluble soap and 
organic compounds containing hydroxyl or amino-groups {e.g., cholesterol, long-chain amines) 
dissolved in the oil phase. The study of oil-water insoluble monolayers shows that in the 
case of stable oil-in-water emulsions the oil phase will be effectively displaced from the interface 
by the adsorbed monolayer of stabiliser.® 

With the heavy-metal or oil-soluble soaps (e.g,, magnesium oleate) which stabilise the water-in- 
oil type of emulsion, the monolayers in equilibrium with the solid soap phase are also in a 
fluid, gaseous state, but the equilibrium spreading pressures are very much less than in the 
case of water-soluble soaps, which effectively rules out any stabilisation by a monolayer. The 
spontaneous formation of visible rigid films b^’* reaction between heavy-metal cations and fatty 
acids at an oil-water interface indicates stabilisation by solid particles, in agreement with 
the observation that stable w^ater-in-oil emulsions invariably contain solid soap.^® 

Protein solutions in contact with air-water and oil-water interfaces readily give rise to 
tough visible “ skins a phenomenon first recorded by Ascherson over a century ago, and 
still very imperfectly understood. In the r^se of an air-water interface this surface denatur- 
ation ” continues until all the protein present has been removed as a coagulum practically 
devoid of surface activity. At oil-water interfaces, the rate and the extent of these surface 
changes diminish with decreasing interfacial tension.*® For example, if haemoglobin is desorbed 
(by changing the pH) from the surface of a fine emulsion stabilised by sodium cetyl sulphate 
its molecular w’eight is unaffected but its ultracentrifuge disymmetry coefficient has increased 
from 1*H) to 1*33, indicating some, but not complete, unfolding of the molecule.®^ 

The beha^uoar of monolayers of proteins at air-\vater and oil-water interfaces suggests 
very strongly that proteins stabilise foams and emulsions by the formation of multimolecular 
films or skins rather than by a monolayer, these conferring mechanical protection. 

The question of elasticity in adsorbed films is important in relation to the question of 
thermodynamic stability of foams and emulsions. Monolayers only show elasticity when in 
the condensed state, and from the study of equilibrium spreading pressures of crystals it would 
appear that all condensed monolayers are unstable with respect to their bulk phase. Accord- 
ingly, if an adsorbed film exhibits elasticity (as with protein or saponin solutions, and with 
heavy-metal soaps formed by metathesis at an interface), it would seem probable that its 
structures is multimolecular rather than unimolecular, and that the system is not in thermo- 
dynamic equilibrium. 

Mention may be made in passing of Hardy’s technique for studying foam stability by 
measuring the life-time of an air bubble liberated beneath, an insoluble monolayer. Appre- 
ciable stabilisation is only obtained with coherent monolayers (expanded or condensed), and 
the stability decreases in the highly condensed state where the monolayers become unstable.*® 

Passing now to a consideration of pastes (concentrated dispersions of finely divided solids 
in a liquid continuum), some recent work ® has shed much light upon the influence of surface- 
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active substances upon their macroscopic properties, such as flow behaviour and sedimentation 
volume. The adsorption upon polar powders such as sodium nitrate, using paraffin-chain 
compounds with different polar groups, in ben 2 ene or organic solution, was found to be in 

the following order -NOg > ’COgH > -OH > ^=0. Parallel measurements of the coefficient 
of friction between large crystals showed that the friction was lowered in the same order. 
With increasing adsorption the ease of flow increases and the sedimentation volume decreases. 
Adsorption in these systems takes place with the polar groups of the adsorbate molecules 
oriented towards the polar surface of the crystal, and the hydrocarbon chains extending into 
the organic liquid. This outer surface of hydrocarbon reduces the interaction between the 
polar crystals and leads to the obseiv^ed changes in macroscopic properties. 

Finally, brief reference may be made to the application of surface studies to problems 
of a biological nature. Two examples only will be considered here, although others have 
been studied in this way [e.g., the mechanism of fat absorption). *3 

Hexylresorcinol is a well-known anthelmintic for Ascaris and other intestinal worms. In 
vitro tests showed its activity to be considerably affected by the presence of bile salts or other 
soap-like substances, low concentrations generally producing some activation, but very high 
ones complete inhibition. Measurement of the surface activities of the \'arious mixtures showed 
that the inhibition arises from the colloidal soap micelles, which form at the higher soap con- 
centrations, competing with the biological surface for the fixed amount of drug.^* The activ- 
ation produced by low soap concentrations is related to the increased surface activity of the 
mixture, leading to an increased rate of penetration. 

Similar conclusions have been found to apply to the bactericidal action of phenols in the 
presence of soaps. Rideal-Walker tests, and measurement of the rates of killing, show that 
the bactericidal activity increases up to the point where soap micelles start to form, and 
thereafter decreases. 
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OBITUARY NOTICE. 

EDMUND BRYDGES RUDHALL PRIDEAUX. 

1878—1946. 

Edmund Brydges Rudhall Prideaux was bom in Barbados and educated at the Auckland 
Grammar School and Canterbury College, New Zealand University. His education, following 
the tradition of his family, was mainly classical; although he devoted himself to science he 
never lost his love of the classics and throughout his life would turn to them for solace and 
inspiration. 

In 1901 he came to London but moved, in 1906, to the Heriot Watt College, Edinburgh, and 
thence, in 1909, to Liverpool University. Professor Donnan writes : "I had the great pleasure 
of welcoming Dr. E. B. R. Prideaux when he came to work in the Muspratt Laboratory of 
Physical and Electro-chemistry after having spent a year or two of research in the laboratory of 
Sir William Ramsay at University College, London. As a senior research worker of ability and 
experience he was a great source of strength to us in Liverpool and he made very valuable 
contributions to the research oulput of the laboratory. His lectures to the senior students on 
physico-chemical calculations were highly appreciated. I think I may claim the honour of 
having directed his attention to the special study of ionic equilibria in solutions and the various 
types of electrical potential differences associated therewith. 

*' Dr. Prideaux was a quiet, thoughtful, and scholarly man of science, and I have the happiest 
recollections of my association with him during those Liverpool years. He was one of a number 
of excellent men from New Zealand, including Denham, Stubbs, and Farrow, who contributed 
greatly to the success of the Muspratt Laboratory and the advance of physical chemistry." 

In 1913 Prideaux moved to the Battersea Polytechnic and, in the following year, to the 
University College of Nottingham. His output of research was increasing rapidly but it received 
a check due to the outbreak of war. Much of his time was spent in assisting the National 
Shell-filling Factory at Chilwell and in preparative organic chemistry in connection with the 
production of (3-eucaine. With the end of the war came the great influx of ex-service students, 
and in their interests he spent himself unstintingly. 

Professor Kipping writes : " Dr. Prideaux was deeply imbued with the true scientific spirit 
which alone enabled him to accomplish the work lor which he was distinguished in spite of 
his conscientious and painstaking preoccupation with his academic duties and, often also, with 
very inadequate apparatus. 

" Although quiet and reserved in unfamiliar surroundings, with some of the attributes of 
a recluse, he was a kind and genial man and an interesting companion with broad and well 
informed views and decided opinions on many subjects. Some of the less desirable qualities 
which so often determine worldly success were, however, entirely foreign to his character ; he 
was too altruistic, lacking in self-assertion and prone to neglect opportunities for his own 
advancement. It was, doubtless, for this reason that he failed to attain the higher rank in his 
profession to which he was entitled. 

He was not only, during many years, an accomplished member of my staff but also a highly 
valued friend." 

As a research worker Prideaux was remarkable for his versatility ; scarcely a single branch 
of chemistry escaped his attention, and he published some 90 papers in scientific journals apart 
from articles on scientific and educational topics. After obtaining the M.A. degree of New 
Zealand University he completed a research on Kauri resin and was awarded the B.Sc. degree. 
He continued to work oh resins at the Imperial Institute in London in 1902, but then, under 
Ramsay, turned his attention to fluorine. He discovered the compounds BrFj, TeF^, and SeF^. 
This work gained him the D.Sc, degree of London University. Fluorine continued to interest 
him throughout his life, and some 12 of his papers are devoted to this element and its compounds 
with selenium, tellurium, zirconium, and rubidium. 

Phosphorus and its compounds also interested Prideaux, and his electronic formulation of 
phosphorus pentachloride received wide publicity. He published many papers on phosphoric 
and boric acids and was a pioneer in the use of modern indicators, and of the hydrogen and 
quinhydrone electrodes, and, in general, in the practical applications of the electrolytic dissoci- 
ation theory. With A. T. Ward he devised the first " universal " buffer solution. 

The dissociation constants of phenols and of alkaloids, the separation and estimation of 
pyridine and ammonia, the analysis of nitrotoluenes, benzoates, and salicylates, the spectro- 
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photometric examination of dyes and indicators, photo-synthetic phenomena in sea water, 
diffusion and membrane potentials, the corrosion of cement ; these and other topics are evidence 
of the catholicity of Prideaux’s tastes in research. In collaboration with F. O. Howitt he 
contributed valuable papers on the electrophoresis and isoelectric points of proteins and the 
kataphoresis of insulin. His theoretical papers helped the development of views on molecular 
structure. 

Prideaux wrote several books : ** The Theory and use of Indicators," “ Problems in Physical 
Chemistry," and " A Survey of English Elementary Education." He was the author of the 
volume " Phosphorus " in Newton Friend’s Text Book of Inorganic Chemistry, and joint 
author, with Herbert Lambourne, of the volume " Nitrogen," and with F. C. Laxton of " A 
Laboratory Course in Elementary Chemistry." He was, moreover, one of the pioneers in popular 
broadcast talks on scientific topics. 

In 1908 Prideaux married the elder daughter of Rowland Bramwell, Esq., of Auckland, 
New Zealand. In 1946 he resigned his post as Reader in Physical and Inorganic Chemistry 
in the University College of Nottingham and, in recognition of his services, was awarded the 
titje of Lector Emeritus. He then settled, with his wife and daughter, in his home at Canford 
Cliffs, Bournemouth, hoping to carry on his researches unhampered by the academic duties to 
which so much of his life had been devoted. The repose he had so richly earned by a life of 
labour was, however, denied him; he died on the 8th of May, 1946. His memory lives in the 
hearts of the students and friends who Imew and valued him. B. D. Shaw. 


269. Oxidation of Carbohydrates by the Periodate Ion. 

By T. G. Halsall, E. L. Hirst, and J. K. N. Joxks. 

The oxidation, with salts of periodic acid, of the mcthylglycosides of the hexosc and pentose 
sugars and of the disaccharides has been investigated. Sugar derivatives containing hydroxyl 
groups on each of three adjacent carbon atoms arc oxidised with the formation of 1 mol. of 
formic acid, and conditions have been established for the quantitative estimation of the formic 
acid. Methyl hexo- and pento-pyranosides and the methyl glycosides of maltose and cellobiose 
give rise quantitatively to 1 mol. of formic acid, but reducing sugars, methylglycosides of the 
uronic acids, and methylhexofuranosides yield acidic material equivalent to more than 1 mol. of 
formic acid per mol. of sugar. The causes of this continued oxidation are discussed. 

The observation by Hudson and Jackson (/. Amcr. Chcni. Soc., 1936, 58, 378; 1037, 59, 904), 
that the a- and p-methylglucosides yield on oxidation with periodic acid a dialdehyde together 
with 1 mol. of formic acid, affords a possible method of estimating the number of end grou])s 
present in a polysaccharide which has terminal groups of the type (I), provided that tin' 
non-terminal groups are such that they do not yield formic acid. Such a method 
should therefore be applicable to a wide range of polysaccharides, including starch, cellulose, 
and glycogen, which possess chains of 1 : 4-linked hexopyranose residues, but hitherto attempts 
to make use of this procedure have encountered difficulty in that the oxidation is not arrested at 
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the stage when 1 mol. of formic acid has been libertated from the terminal group (Davidson, 
J. Textile Inst., 1941, 82, T, 109). Nevertheless the reaction has been used successfully in other 
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ways in the study of polysaccharides. For example, the stepwise degradation of laminarin, 
which consists of 1 : S>^linked residues, has been described by Barry [Nature, 1943, 152, 538) and 
by Dillon [ibid., 1945, 155, 546), and attempts have been made to estimate the formaldehyde 
produced from the reducing end of the chain in starch dextrins-^Galdwell and Hixon, J. BwL 
Chem., 1938, 123, 595). 

In view of our interest in methods for estimating end groups in polysaccharides we decided to 
undertake a more detailed survey of the conditions requisite for the prevention of over-oxidation 
and thus facilitate the development of a method of estimation which would possess many 
advantages over the present available techniques. This was all the more necessary in that we 
had found in the course of experiments on plant gums, in which we had hoped to remove certain 
side chains with the aid of periodic acid, that difficulties due to over oxidation were encountered. 

As a preliminary, therefore, to the application of the periodate method of oxidation to the 
polysaccharides, model experiments were carried out with simple sugars containing groups 
similar to those present in polysaccharides. These included a-methylglucopyranoside, 
a-methylgalactopyranoside, a-methylmannopyranoside, a-methyl-<i-mannofuranoside, p-metl^l- 
maltoside, p-methylcellobioside, p-methyl-/-arabopyranoside, a-methyl-cf-xylopyranoside, 
amygdalin, mannitol, lactose, lactal, and the methyl ester of a-methyl-^f-galacturonosMe. 
Control experiments with formic acid, ethylene glycol, and oxalic acid were also carried out. 

It was our aim to estimate small amounts of formic acid, and this we found practicable ofaly 
when the excess of periodate had been destroyed by the addition of ethylene glycol with the 
resultant formation of formaldehyde and sodium iodate, both of which were without action on 
methyl- red used as indicator for the titration of the formic acid. Sodium periodate slowly 
destroys formic acid, and the estimated amount of the latter may be low unless precautions are 
taken. It was found, however, that the oxidation of formic acid is considerably slowed down in 
the presence of sodium iodate, and, as this substance is always formed by reduction of the 
periodate, loss of formic acid during the period of oxidation is negligible. Sodium periodate 
gives satisfactory results for the oxidation of small amounts of methylhexopyranosides and 
pentopyranosides, all of which on oxidation give 1 mol. of formic acid. On the other hand when 
this reagent is applied to the methylglycosides of the reducing disaccharides oxidation proceeds 
beyond the stage represented by (III), and ultimately considerably more than 1 mol. of formic 
acid is produced per mol. of methyl glycoside. The rate of production of formic acid is much 
slower, however, after the liberation of 1 mol., but wdth a large excess of sodium periodate as 
oxidising agent there is not an easy differential ion between the two stages of the reaction. 
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We therefore examined other salts of periodic acid wiaich had lower solubility and would 
provide reaction solutions of lower acidity. Most of the salts examined were unsatisfactory 
since they possessed either basic or strongly acidic characteristics. Potassium metaperiodate, 
however, is only very slightly soluble in water and gives a solution having a pH of about 4. 
Using this salt and keeping the concentration of formic acid produced to a low value [ca. 10 
mg. per 100 c.c.), we were able to obtain consistent and reliable figures for the amount of formic 
acid produced. This lowering of concentration of the periodate ion, however, considerably 
reduces the rate of reaction, and instead of being complete in 6 hours it now requires 150 hours 
at 15°. On oxidation with this reagent the methylglycosides of (a) the hexose, [h) the pentose 
sugars, and (c) the reducing disaccharides gave normal amounts of formic acid. The 
methylglycosides of uronic acids and of hexofuranosides underwent further oxidation with the 
formation of additional amounts of acidic material. Similar behaviour was shown by reducing 
sugars. 

The oxidation of the glycosides of the uronic acids has been the subject of previous 
publications. Huebner, Lohmar, Moore, and Link [J. Biol. Ckem., 1946, 159, 502) demonstrated 
that, in the oxidation of zinc borneol glucuronoside, more than 1 mol of acid was produced per 
rnol. of glucuronoside and that one of the reaction products was bomyl formate. They suggested 
that the uronic acid residue, after undergoing oxidation with the formation of formic acid and 
the dialdehyde (IV), w'as further oxidised by the periodate. The first step in this oxidation, it 
was suggested, was the oxidation of the active hydrogen situated on the carbon atom between 
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two carbonyl groups to a hydroxyl group (V) . This would result in the formation of a substance 
which in its hydrated form contains hydroxyl groups on adjacent carbon atoms and would 
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undergo further oxidation with periodate with the formation of an ester of oxalic acid (VI). 
Once this stage had been reached the ester, which would be unstable in water, could hydrolyse 
to oxalic acid and a product wdiicli could then undergo further oxidation to formic acid and an 
ester of formic acid. 

The stage in which the aldehyde (IV) is converted into the a-hydroxy-aldehyde (V) has been 
investigated by Sprinson and Chargaff (/. BioL Chcni., 1940, 164, 443). These workers 
demonstrated that substances such as malonic acid and its derivatives — substances which 
contain a hydrogen atom combined to a carbon atom situated between two, carbonyl groups 



I — are all capable of being oxidised to the corresponding hydroxy-compound 


1 

which may then undergo further oxidation [cf. the work of Neuberger (/., 1941, 47) on the 
oxidation of ethyl AT-benzoylglucosamatej. 

We have found that whenever this secondary type of oxidation occurs free iodine is 
ultimately produced and the amount of acid in the solution falls. The mode of origin of the 
iodine is obscure, but the simplest explanation would be to ascribe its formation to the 
well-known reaction between sodium iodide and sodium iodate in acid solution, the sodium 
iodide arising in turn from reduction of sodium iodate during oxidation on the activated carbon 
atom. A typical example of the grouping which undergoes further oxidation, with liberation of 
free iodine, is shown in (VIII) which is the intermediate product obtained by the periodate 
oxidation of a-methylmannofuranoside (VII). Attack at the activated hydrogen would yield 
(TX) which would readily undergo further oxidation giving 3 inols. of formic acid, 1 mol. of 
methyl formate, and 1 mol. of carbon dioxide. 
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The rate of oxidation and rate of formation of formic acid varies with the configuration of 
the glycoside. Those glycosides, such as the arabo-, galacto-, and manno-pyranosides, which 
contain cis-hydroxyl groups, are oxidised relatively quickly, whilst those glycosides which 
contain ^mM5-hydroxyl groupings, such as the glucopyranosides, are oxidised more slowly 
(cf. " Organic Reactions Vol. 2, p. 353, Wiley, New York). The presence of cis-hydroxyl 
groups, however, is not the only factor which decides the rate of formation of formic acid- This 
is dependent also upon the rate of oxidation of the a-hydroxy-aldehyde, which is a comparatively 
slow reaction. Furthermore, the methylglycosides of maltose and cellobiose, both of which 
contain glucopyranose residues only, give formic acid at different rates. For example, 
methylmaltoside yields 1 mol. of formic acid in about 100 hours, whilst the cellobioside gives 
only 0*86 mol. in this time and 300 hours are necessary for the liberation of one equivalent of 
acid. This low yield of formic acid from methylcellobioside (X) could be explained by the 
intermediate formation of a lactol grouping such as (XI) which on further oxidation would 
yield not free formic acid but a formyl ester (XII). An examination of the model of the 
methylcellobioside molecule (and similarly of the sucrose molecule) reveals that the hydroxyl 
groups are so situated in space that lactol formation can readily take place, whereas the 
configuration of the groups in the molecule of the methylmaltoside is unfavourable for the 
formation of lactol groupings. 

This oxidation of an intermediate lactol with formation of an ester of formic acid instead of 
free formic acid receives support from a study of the oxidation of mannitol. The oxidation of 
this hexahydroxy-alcohol yields two mols. of formaldehyde and formic acid. A quantitative 
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estimation of the formic acid, however, showed that the yield of this acid reached 95% of 4 mols. 
under the standard conditions and was not complete until the reaction had proceeded for about 
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400 hours. The primary oxidation of mannitol (Xfll) may occur in one of five places in the 
molecule. It may give either (a) a pentose, (d) a tetrosc, or (c) glyceraldehyde as the main 
reaction product. Other things being equal, reactions (a) and (b) will predominate. The 
pentose and tetrosc which result from thiS' oxidation may exist either as aldehy do-sugars or as 
ring structures. Should oxidation of the ring structure or lactol form occur, then a formic ester 
will be produced with a consccpient lowering in the yield of titratable formic acid. On standing 
in water these esters will undergo hydrolysis and further oxidation, and a consequent slow 
rise in the titration figure will result. This formation of ester groupings from the oxidation of 
a lactol is small, since in no case have we encountered a yield of formic acid of less than 90% of 
the theoretical in our experiments on the oxidation of the sugar glycosides under the standardised 
conditions. In the oxidation of the reducing sugars, however, low yields of formic acid are 
jiroduced when using our standardised reaction conditions. In certain instances, however, side 
reactions, with the formation of iodine, explain, in part, the low yields of formic acid produced in 
this complex oxidation reaction. 

Experimental. 

Oxidation with Sodium or Potassium Periodate. General Procedure . — Reactions were carried out in 
diffused light at 15 — 20° (with shaking when potassium periodate was used), in 500 c.c. stoppered bottles 
Avhich had been cleaned with chromic acid and steamed out. 

Sodium metaperiodate was prepared from sodium paraperiodate by recrystallisation from nitric acid. 
It contained no free acid since on addition of excess of ethylene glycol to its aqueous solution, sodium 
iodate neutral to methyl-red was formed. The ethylene glycol required was purified by distillation over 
solid potassium hydroxide. It was neutral to methyl-red. 

The material (sufficient to give ca. 10 mg. of formic acid) was weighed out into a 500 c.c. stoppered 
bottle and dissolved or suspended in water. Excess of approximately 0-3M-sodium periodate was then 
added, followed by potassium chloride (6 g.) (if^the oxidation was to be carried out with potassium 
periodate) and water to the requisite volume (usually 120 c.c.). Portions (either 10 or 20 c.c.) of the 
solution were withdrawn at intervals, excess of ethylene glycol was added to remove the residual periodate, 
and the formic acid was then determined either by titration with 0*0lN-sodium hydroxide, using 
methyl-red as incidator, or after addition of potassium iodide by determination of the liberated iodine 
with O'OlN-thiosulphate. Blank experiments showed that under these conditions sodium iodate, 
formaldehyde, and ethylene glycol do not interfere with the estimation of formic acid and that the formic 
acid produced is not destroyed. 

Oxidations with sodium metaperiodate. (1) a-Methylglucoside (87 mg.) was dissolved in water (115 
C.C.), and sodium periodate solution (15 c.c. ; 0*2 m) was added. Portions of the solution (26 c.c.) were 
removed at intervals; ethylene glycol (approximately OT c.c.) was added, and the formic acid titrated 
after a few minutes with O OlN-sodium hydroxide. Titres : 6-3 c.c. (6 hours), 8-3 c.c. (22 J hours), 8-35 
c.c. (47 hours), equivalent to 99-6% recovery. 

After completion of oxidation a portion of the solution (50 c.c.) was extracted continuously with 
ether until the final extracts were neutral. The extracts were concentrated, and then required 18*8 c.c. 
of O OlN-sodium hydroxide equivalent to 108% recovery of formic acid. The sodium formate obtained 
on evaporation of the neutralised solution gave, on heating with sulphuric acid {d 1-84) in a gas analysis 
apparatus, carbon monoxide corresponding to 99-4% of the theoretical yield of formic acid. The three 
different methods of determination gave reasonably concordant results, and the determination via 
carbon monoxide proves that the acid produced is formic acid. 

(2) j3-Methylmaltoside monohydrate (489-5 rag.) was dissolved in water Q40 c.c.), and sodium 
periodate solution (60 c.c. ; 0-276m) was added. The solution was left at 16— 20^ samples (10 c.c.) were 
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vrithdrawn at intervals, ethylene glycol was added, and the solution titrated with O OlN-barium 
hydroxide. At the same time the consumption of periodate and the change of optical rotation were 
determined. 


Time (hours). 

Ml?®*. 

Formic acid produced (mols. 
per mol. of maltoside). 

Consumption of periodate 
(mols. per sugar residue). 

0 

-fl76® 

nil 

nil 

0*6 

~ 33 

0*48 

2*58 

1*5 

45 

0*65 

2*84 

5*1 

-100 

0*89 

2*97 

30 

- 62 

M9 

3*61 


The reaction was not finished after 30 hours, since formic acid continued to be produced. The last 
figure for formic acid (1*19 mols.) is considerably more than the theoretical value (1-0 mol.). High 
results were obtained also with other disaccharide derivatives, and the occurrence of over-oxidation 
even under carefully controlled conditions rendered the use of sodium j^eriodate unsatisfactory for 
quantitative work, except when the reagent was employed in very slight excess. 

Oxidations with potassium metaperiodate. (3) Mannitol was oxidised to show that formaldehyde and 
formic acid were unaffected by the oxidation conditions used above. The mannitol (28 mg.) was 
dissolved in water (110 c.c.) containing sodium periodate (11 c.c. ; 0*230m) to which potassium chloride 
(5 g.) had been added. Titration of the liberated acid after addition of excess of glycol was made at 
intervals on portions of the solution. Found, mols. of formic acid per mol. of sugar : 3-56 (3 hours), 
3-60 (98 hours), 3-80 (145 hours), 3-80 (194 hours), 3*88 (266 hours), 3-96 (338 hours), 3-96 (580 hours). 
Two other experiments gave similar results. 

(4) a-Methyl-dJ-glucoside (81 mg.) was dissoh^ed in water (110 c.c.) containing potassium chloride 
(5 g.), and sodium periodate (10 c.c. ; 0*27m) was added. At intervals samples (10 c.c.) were withdrawn 
and titrated. Found, mols, of formic acid per inol. of methylglucoside : 0-28 (1 hour), 0-43 (51 hours), 
0*69 (23 hours), 0-90 (51 hours), 0-91 (72 hours), 0-94 (170 hours), 0*97 (220 hours), 1*04 (460 hour.s). 

(5) a-Mcthyl-if-galactopyranoside (111 mg.) was dissolved in water (110 c.c.), and potassium chloride 
(5 g.) and sodium periodate (10 c.c, ; 0*236m) were added. The bottle and contents were then shaken 
and at intervals samples (10 c.c.) were withdrawn and titrated. Found, mols. of formic acid per mol. of 
methylgalactoside : 0*95 (67 hours), 0*99 (120 hours), 1*01 (192 hours), 1*01 (230 hours), 1*03 (500 hours). 

(6) a-Methyl-d-mannopyranoside (82 mg.) was dissolved in water (110 c.c.) containing potassium 
chloride (5 g.), and sodium periodate (10 c.c. ; 0*282 m) was added. The bottle and contents were shaken 
and at intervals samples (10 c.c.) were withdrawn and titrated. Found, mols. of formic acid per mol. 
of methylmannoside : 0*67 (68 hours), 0*85 (121 hours), 0*93 (168 hours), 0*97 (211 hours), 0*95 (289 
hours), 0*96 (405 hours). 

(7) j3-Methyl-/-arabopyranoside (89 mg.) was dissolved in w^ater (110 c.c.) containing potassium 
chloride (5 g.), and sodium periodate (10 c.c. ; 0-236 m) was added. The bottle and contents were shaken 
and at intervals samples (10 c.c.) were withdrawn and titrated. Found, mols. of formic acid per mol. of 
glycoside : 0*97 (47 hours), 0*99 (91 hours), 0*99 (143 hour.s), 1*01 (165 houns), 1*01 (215 hours), 1*02 
(281 hours), 1*04 (362 hours), 0*99 (506 hours). 

(8) a-Mcthyl-(?-xylopyTanoside (107 mg.) was oxidised as described for the oxidation of the arabinoside. 
Found, mols. of formic acid per mol. of glycoside : 0*71 (47 hours), 0*89 (91 hours), 0*93 (143 hours), 0*98 
(165 hours), 0*98 (215 hours), 1*00 (287 hours), 1*02 (362 hours). 

(9) ^-Mcthylmaltoside monohydrate (249*7 mg.) was dis.solved in water (70 c.c.) containing potassium 
chloride (2*5 g.), and sodium periodate solution (30 c.c., 0*275 m) was then added. The whole was placed 
in a stopi)ered bottle which was continuou.sly shaken. At intervals samples (10 c.c.) w*ere withdrawn, 
and after addition of ethylene glycol the formic acid was titrated with O OlN-barium hydroxide using 
methyl-red as indicator. Found, mols. of formic acid per mol. of maltoside : 0*13 (IJ hours), 0*53 (20 
hours) ; 0*75 (43 hours), 0*83 (66 hours), 0*92 (91 hours), 1*01 (163 hours) ; 1*03 (192 hours), followed by a 
very slow rise. One mol. of formic acid is liberated per mol. of malto.sidc in 150 hours. 

(10) j3-MethylceIlobioside (106 mg.) was dissolved in water (110 c.c.) containing potas.sium chloride 
(5 g.), and sodium periodate (10 c.c., 0*28m) was added. At intervals samples (10 c.c.) were withdrawn 
and titrated. Found, mols. of formic acid per mol of ccllobioside : 0*69 (43 hours), 0*84 (91 hours), 
0*87 (144 hours), 0*88 (185 hours), 0*89 (244 hours), 0*91 (291 hours). 

(11) Amygdalin (173 mg.) was oxidised as described above (cf. Courtois and Valentino, Bull. Soc. 
Chim. hiol., 1944, 26, 469), Found, mols. of formic acid per mol. of glycoside, 1*05 (47 hours), 1*28 (91 
hours), 1*53 (143 hours), 1*83 (165 hours), 1*90 (215 hours), 2*03 (287 hours), 2*08 (362 hour.s), 2-00 (506 
hours). 

(12) Sucrose (111 mg.) was dissolved in water (105 c.c.) containing pota,ssium chloride (5 g.), and 
.sodium periodate (15 c.c. ; 0*307 m) was added. At intervals samjdes (20 c.c.) were withdrawn and 
titrated. Found, mols. of formic acid per mol. of .siicro.se : 0*84 (170 hours), 0*84 (195 hour.s), 0*92 (267 
hours), 0-91 (315 hours), 0*91 (431 hours). 

(12) Zinc borneol glucuronoside (110 mg.) was dissolved in water (105 c.c.) containing potassium 
chloride (5 g.), and sodium periodate (5 c.c., 0*285]vi) wa.s added. At intervals samples (20 c.c.) were 
withdrawn and titrated. Found, mols. of formic acid per mol. of compound : 2*34 (162 hours), 1*74 
(188 hours), 1*40 (210 hours), 1*06 (307 hours). The solution became brown owing to the separation of 
iodine and oily droplets of bornyl formate were observable. 

(13) The methyl ester of a-methylgalacturonoside (21*95 mg.) was dissolved in water (200 c.c.) 
containing potassium chloride (5 g.), and sodium periodate (5 c.c., 0*308 m) was added. At intervals 
samples (20 c.c.) were withdrawn and titrated. Found, mols. of formic acid per mol. of sugar : 0*22 
(3 hours), 0*79 (25 hours), 1*23 (49 hours), 1*70 (74 hours), 2*18 (117 hours), 3*74 (171 hour.s), 4*22 (219 
hours), 4*22 (335 hours). 

(14) Lactose hydrate (94 mg.) was dissolved in water (100 c.c.) containing potassium chloride (5 g.) 



1432 Badger, Cook, and Crosbie : 

and sodium periodate (20 c.c., 0*2m) was added. At intervals samples (10 c.c.) were withdrawn and 
titrated. Found, mols. of acid per mol. of lactose hydrate : 1*86 (42 hours), 2*87 (96 hours), 3*27 (142 
hours), 3*68 (186 hours), 4*13 (263 hours), 2*41 (427 hours) (iodine was liberated at this stage with a 
resultant fall in acid titre). 

(16) Lactai (160 mg.) was dissolved in water (100 c.c.) containing potassium chloride (6 g.) and 
sodium periodate (20 c.c. ; 0*28m) was added. At intervals samples (10 c.c.) were withdrawn and 
titrated. Found, mols. of acid per mol. of lactai : 0*87 (42 hours), 1-00 (96 hours), 1*09 (142 hours), 
1-17 (186 hours), 1-60 (263 hours), 2-06 (427 hours). 

(16) a-Methyl“f/-mannofuranoside (106 mg.) was dissolved in water (110 c.c.) containing potassium 
chloride (5 g.), and sodium periodate (10 cx. ; 0*236m) was added. At intervals samples (10 c.c.) were 
withdrawn and titrated. Found, mols. of acid per mol. of glycoside : 1*5 (47 hours), 2*0 (91 hours) (at 
this stage it^dine bt^gan to be liberated and the alkali titre fell), 0-43 (143 hours) (all the periodate had then 
been converted into iodate and iodine). 

(17) Oxalic acid dihydrate (27‘02 mg.) was dissolved in water (116 c.c.) containing potassium 
chloride (5 g.), and sodium periodate solution (5 c.c.; 0*3072m) was added. At intervals samples were 
withdrawn and titrated. Found, mols. of oxalic acid : 0*43 (95 hours), 0*34 (120 hours), 0*31 (144 
hours), 0*18 (430 hours), 0*12 (602 hours). 
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270 . The Chloromethylation of Naphthalene and of Tetralin. 

By G. M. Badgkr, J, W. Cook, and G. W. Crosbie. 

Chloromethylation of naphthalene with boiling aqueous formaldehyde and hydrochloric 
acid gives a mixture from which 1 : 4-bischloromethylnaphthalene and I ; 6-bischloromethyl- 
naphthalene have been isolated. From tetralin, 6 : %-bischloromethyl‘l : 2 : 3 : ^-tetrakydronaph- 
ihaJene has been obtained. 

From the products of the chloromethylation of 1-chloromethylnaphthalene, Anderson and 
Short {J., 1933, 485) obtained a crude bischloromethylnaphthalene, m. p. 130 — 146®, which 
they were unable to purify. They regarded this as being largely the 1 : 6-derivative because, 
on reduction, they isolated and characterised 1 : 5-dime thylnaphthalcne. Furthennore, on 
oxidation of the crude bischloromethylnaphthalene, they obtained the corresponding 1 : 6-di- 
carboxylic acid. Manske and Ledingham (Canadian J. Res., 1939, 17i 14) investigating the 
high-lx)iling residues resulting from Cambron’s (ibid., p. 10) chloromethylation of naphthalene, 
obtained a supposedly pure bischloromethylnaphthalene, m. p. 144®, which they regarded as 
the 1 : 6-derivative. Evidence for this was obtained by conversion into the dinitrile, hydrolysis 
to the diacetic acid, and decarboxylation to dime thy hiaphthalene. The hydrocarbon was an 
oil, giving a picrate, m. p. 138®. As 1 : 6-dimethylnaphthalene is a solid, and as the picrates 
of the 1 : 5- and 1 : 4-dimethylnaphthalenes have closely similar melting points, this evidence 
was inconclusive. 

However, supposing the major product of the bischloromethylation of naphthalene to be 
the 1 : 6-derivative, we decided to attempt the synthesis of s-hexahydropyrene by condensing 
bischloromethylnaphthalene with -ethyl malonate, followed by hydrolysis, decarboxylation, 
ring-closure and reduction. While this work was in progress, two papers by Lock and Walter 
(Ber., 1942, 75, 1158; 1944, 77, 286) became available to us, and we found that the main 
object of our work had already been achieved. In the second paper, these authors state that 
the bischloromethylnaphthalene, for which they give m. p. 160®, is not the 1 : 5- but the 
I : 4-derivative ; no evidence of this was presented. Our w'ork has confirmed this conclusion 
of Lock and Walter, and we have also isolated the 1 ; 6-derivative from the crude bischloro- 
methylnaphthalenes resulting from the chloromethylation both of naphthalene and of 1-chloro- 
methylnaphthalene. 

Naphthalene was chloromethylated with boiling aqueous formaldehyde and hydrochloric 
acid (B.P. 345,146; Lock and Walter, lac. cit.). Taking advantage of solubility differences 
in ether, the crude product was separated into several fractions, from which 1 : S-bischloro- 
methylnaphthalene (II), m. p. 172°, and 1 : 4-bischloromethylnaphthalene (I), m. p. 160®, were 
obtained by repeated recrystallisation. The constitution of each product was shown by 
reduction to the dimethylnaphthalene, which was characterised by the formation of the picrate 
and ^-trinitrobenzene complex. The major mixed fraction resulting from the treatment with 
ether had m. p. 128 — 130°. That this contained some 1 : 5-bischloromethylnaphthalene was 
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shown by the isolation, in poor yield, of crystalline 1 : 5-dimethylnaphthalene after reduction, 
a result which is in agreement with the work of Anderson and Short {loc. cit.). However, that 
this fraction consisted largely of the 1 : 4-isomer was shown by its conversion into 1 : 4-bis- 
(o)<d-dicarbethoxyethyl)naphthalene (III) (Lock and Walter, loc, cit.). Tlie constitution of this 
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product was shown by hydrolysis, followed by oxidation with potassium ferricyanide, to 
naphthalene- 1 : 4-dicarboxylic acid. 1 : 4-Bischloromethylnaphthalene has also been converted 
into the corresponding dinitrile. This appears to be the same as the dinitrile described as 
the 1 : 5-derivative by Manske and Ledingham {loc. cit.), and we therefore believe that these 
authors were in error in attributing the 1 : 5-configuration to their products, which should 
all be described as 1 : 4-derivatives. To confirm this conclusion we have also prepared 
naphthalene-l : 6-diacetonitrile from pure‘1 : 5-bischloromethylnaphtlialene. 

The patent literature (D.R.-P. 633,850) describes the preparation of a biscliloromethyl- 
tetralin. We have also prepared this, and have shown that it is 5 : %-hischloromethyl-\ : 2 : 3 : 4- 
tetrahydronaphthalene (IV). Reduction with zinc and hydrochloric acid, or with hydrogen 
and palladium, gave 5 : 8-dimethyl- 1 : 2 : 3 : 4-tetrahydronaphthalcne, which on dehydrogen- 
ation with sulphur, or with palladised asbestos, gave 1 : 4-dimethylnaphthalene, characterised 
by the formation of the picratc and s-trinitrobenzene complex. 


Experimental. 

Chloromethylation of Naphthalene, — (a) A mixture of naphthalene (80 g.), aqueous formaldehyde 
(40% ; 220 g.), and concentrated hydrochloric acid (220 g.) was boiled under reflux with vigorous 
stirring for 16 hours, while a current of hydrogen chloride was introduced through a tube leading to 
the bottom of the flask. After cooling, the aqueous layer was decanted, and the pasty mass triturated 
with ether (100 c.c.). In one run, this ethereal solution deposited, on standing, 1 : 4-bischloromethyl- 
naphthalene (30 mg.) as colourless needles from alcohol, m. p. 149 — 150^ (Found : C, 64T ; H, 4*6. 
Calc, for CijHioClg : C, 64 0; H, 4*4%). This compound was later obtained pure in considerable 
quantity. The ethereal solution, after evaporation, gave l-chloromethylnaphthalene (43 g.), b. p. 
160 — 152°/13 mm., and crude bischloromethylnaphthalenes, b. p. 180 — 200"'/ 13 mm., m. p. 128 — 130". 

The solid obtained after this ether washing was extracted with ether (200 c.c.) in a SoxhJet apparatus. 
The ether deposited, on cooling, crude bischloromethylnaphthalcne (19 g.), m. p. 128 — 130°. Rc- 
crystallisation from alcohol did not raise the ra. p., although later work showed that this fraction con- 
tained both the 1 : 4- and the 1 : 6-isomer. The ethereal filtrate, on evaporation, gave a further impure 
fraction, m. p. 105 — 115° (2 g.). The residue (4*0 g.), m. p. 153 — 159°, remaining in the Soxhlct thimble 
gave, after several recrystallisations from alcohol, colourless needles of 1 : 6-bischloromethylnaphthalene, 
m. p. 171-5— 172-5° (Found : C, 64-0; H, 4-4. CigHioCla requires C, 64 0; H, 4-4%). 

The above experiment was successfully repeated several times, but in two large scale runs naphthalene 
(700 g.) gave crude bischloromethyl naphthalene (300 g.) from which no pure 1 : 6-bischloroinethyl- 
naphthalene could be isolated by the above procedure. The crude product was soluble in ether (500 c.c.) 
and, after several recrystallisations, gave pure 1 : 4-bischloromcthylnaphthalene. 

(b) Crude bischloromethylnaphthalene was also obtained by chloromethylating l-chloromethyl- 
naphthalene (250 g.) in light petroleum (b, p. 100 — 120° ; 300 c.c.) with paraformaldehyde (60 g.) and 
anhydrous zinc chloride (15 g.), by the method of Anderson and Short, except that the reaction was 
carried out on the steam-bath, and that hydrogen chloride was ]>assed for 24 hours. The product, 
obtained in ca. 60% yield, was separated as above, and gave T5 g. of pure 1 : 5-bischloromethyl- 
naphthalene, m. p. 171*6 — 172-6°. 

Reduction of fraction, m.p. 128 — 130°. A mixture of bischloromethylnaphthalene, m. p. 128 — 130° 
(1-2 g.), in a little alcohol, and zinc dust (1*5 g.) was boiled for 1 hour, concentrated hydrochloric acid 
being added at intervals. After distillation (b. p. 60 — 65°yo*2 mm.), the product was dissolved in 60% 
acetone. After standing, the crystalline product which sci)arated (75 mg.) was recrystallised from 
alcohol, and had ra. p. 79-5 — 80-5°. The orange-red picrate had m. p. 138 — 139°, and the product 
isolated was therefore 1 : 6-dimethylnaphthalene, in agreement with Anderson and Short {loc. cit.). 

Reduction of 1 : 4t-hischloromethylnaphthalene. 1 ; 4-Bischloromethylnaphthalene (m. p. 149°) was 
reduced in about 60% yield as above. The product formed a colourless oil, b. p. 132 — 134°/ 15 mm. 
(Found: C, 92-4; H, 7-4. Calc, for Ci2H,2 : C, 92-3; H, 7-7%). The picrate crystallised from 
methanol in long orange-red needles, m. p. 142 — 144° (Found : N, 10-9. Calc, for CJ8H15O7N3 : N, 
10-9%) ; Kloetzel (/. Amer. Chem. Soc., 1940, 62, 1708) gives m. p. 143 — 144°. The s-trinitrobenzene 
complex formed yellow needles, from methanol, m. p. 164 — 166° (Found : N, 1T6. Calc, for 
CjgHiftOgNg : N, 11’4%) ; Kloetzel {loc, cit ) gives m. p. 165 — 166°. The reduction product was there- 
fore 1 : 4rdimethylnaphthalene. 

The reduction was also carried out in almost quantitative yield by hydrogenation over palladium 
black in acetone. 

Reduction of 1 \ 6-bischloromethylnaphihalene. 1 : 6-Bischloromethylnaphthalene (m. p. 172°) was 
reduced as above with zinc and hydrochloric acid. The 1 : 5-dimcthylnaphthalene, which crystallised 
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from the reaction mixture, was purified by sublimation at 100^/13 mm., and formed colourless lustrous 
plates, m, p. 80—81^ (Found : C, 92-2; H, 7*6. Calc, for CiaHi* : C, 92-3; H, 7-7%) ; Butz [J. Amer, 
Chem. Soc., 1940, 62, 2657) gives m. p. 80°, and Anderson and Short (loc, cit,) give m. p. 80— 80*6°. 
The picrate formed orange-red needles, from methanol, m. p. 138 — 139° (Found : N, 10'9. Calc, for 
CigHijO^Nj : N, 10-9%) ; Butz {loc, cit,) gives m. p. 137°, and Anderson and Short (loc. cit) give m. p. 
138 — 139°. The s-trinitrohenzene complex formed yellow needles, from alcohol, m. p. 168 — 169® 
(Found : N, 11-3. CuHiBOeNj requires N. 11*4%). 

1 : ^-Bi$-(oio>-dicarboxyethyl)naphthalene. — Ethyl malonate (200 g.) was added to a solution of 
sodium (18 g.) in alcohol (300 c.c.). After cooling, bischloromethylnaphthalene, m. p. 128 — 130° 
(23 g.), suspended in alcohol (200 c.c.) was added. After 10 hours* refluxing the product was worked 
up in the usual way. The ester (20 g.) formed colourless needles, from alcohol, m, p. 68*6 — 69° (Found : 
C, 65*8; H, 6*7. Calc, for CjgHjjOg : C, 66-1; H, 6*8%) ; Lock and Walter (loc. cit.) give m. p. 66*5°. 
A solution of this ester (20 g.) in methanol (76 c.c.), water (150 c.c.), and sodium hydroxide (36 g.) was 
refluxed for 8 hours, a further quantity (10 g.) of s<^um hydroxide being added after the first 4 hours. 
The bismalonic acid (9 g.) was recrystallised from water. It decomposed at about 140° with evolution 
of gas, finally melting at 265 — 266°. 

Proof of constitution. A solution of this acid (2 g.), potassium ferricyanide (300 g.), potassium 
hydroxide (43 g.), and water (1 1.) was heated at 70 — 80°. with stirring, for 24 hours. A further quantity 
(80 g.) of potassium ferricyanide and potassium hydroxide (14 g.) in a little water was then added, 
and the heating continued for 8 hours. After cooling, the filtered solution was acidified, and the pre- 
cipitate collected, suspended in water, and extracted with ether. The ethereal extract on evaporation 
gave an acid, ra. p. 309 — 310° (75 mg.). The methyl ester had m. p. 63 — 64°. These constants are in 
agreement with the published figures for naphthalene- 1 : 4-dicarboxylic acid. 

N aphthalencA ; 4:-diacetonitrUe. — The following procedure was found superior to that of Manske 
and Ledingham (loc. cit.). A mixture of 1 : 4-bischloromethylnaphthalene, m. p. 148 — 160° (0*5 g.), 
potassium cyanide (0*5 g.) in a little water, and alcohol (30 c.c.) was boiled under reflux for 2 hours. 
After addition of water, the naphtbalene-1 : 4-diacetonitrile (0*3 g.) was recrystallised from alcohol, 
and formed colourless prisms, m. p. 140 — 142° (Found: C, 81*7; H, 4*75. Calc, for : C, 

81*65; H, 4*85%). The same compound was obtained following a similar experiment with crude 
bischloromethylnaphthalene, m. p. 128 — 130°. This compound is evidently identical with the deriv- 
ative, m. p. 140°, described by Manske and Ledingham (loc. cit.) as the 1 : 5-derivative. 

Naphthalene- l : (y-diacetonitrile. — This was prepared as above, using 1 : 6-bischloromethylnaphthalene. 
The naphthalencA : Q-diacetonitrile formed colourless small needles, m. p. 188 — 189° (Found : C, 81*4; 
H, 4*6. Ci 4 Hi„N 2 requires C, 81*55 ; H, 4*85%). 

Chloromethylation of Tetralin. — Freshly distilled tetralin (90 g.), concentrated hydrochloric acid 
(210 g,), and aqueous formaldehyde (40%; 220 g.) were boiled under reflux, with stirring, for 48 hours, 
while hydrogen chloride was passed in. The cooled mixture was extracted with ether, and the ethereal 
solution dried and evaporated. The oily residue partly crystallised. The solid was collected, washed 
with a little ether, and recrystallised from alcohol. 5 : ^-BischloromethyUl : 2 : 3 : ^-ietrahydro- 
naphthalene (10 g.) was obtained as colourless lustrous needles, m. p. 117 — 118° (Found: C, 62*9; 
H, 6*0. C12HJ4CI2 requires C, 62*9; H, 6*1%). The oil was collected in two fractions, b. p. 160 — 
180°/17 mm. (65 g.), and 180 — 195°/13 mm. (12 g.). The latter deposited a further quantity (2 g.) 
of bischloromethyltetralin on standing. 

6 : %-Dimethyl-\ : 2 : 3 : 4^-tetrahydronaphthalene. 5 : 8-Bischloromethyl-l : 2 : 3 : 4-tetrahydronaph- 
thalene (4*5 g.) was reduced with zinc and hydrochloric acid, in alcohol, as described for the bischloro- 
methylnaphthalenes. The 6 : 8-dimethyl- 1 : 2 : 3 : 4-tetrahydronaphthalene (0*8 g.) was obtained as a 
colourless oil, b. p. 125°/14 mm. (Found : C, 90*1; H, 10*26. Calc, for CigHn, : C, 90*0; H, 10*0%) 
(cf. Barnett and Sanders, /., 1933, 434). The reduction was also carried out, in almost quantitative 
yield, by hydrogenation over palladium black in acetone. 

Dehydrogenation of 6 : S-dimethyl-l : 2 : 3 : ^-tetrahydronaphthalene. The above di methyl tetra- 
hydronaphthalene (0*5 g.) was dehydrogenated with sulphur (0*3 g.) at 230 — 250° for 2 hours. The 
product was converted into the picrate (0*6 g.), which formed orange-red needles, m. p. 142 — 143°, 
alone, or mixed with the picrate of 1 : 4-dimethylnaphthalene. The s-trinitrobenzene complex formed 
yellow needles, m. p. 163 — 165°, alone, or mixed with the s-trinitrobenzene complex of 1 : 4-dimethyl- 
naphthalcne. The same results were obtained when the dehydrogenation was carried out with palladised 
asbestos at 240° for 6 hours. 

We thank Mr. J. M. L. Cameron for the microanalyses. One of us (G. M. B.) has been working 
with the aid of an Imperial Chemical Industries Research Fellowship. 

University of Glasgow. [Received, January 1st, 1947.] 


271 . Some Trinuclear Cyanine Dyes. Part I. The Synthesis of 

Neocyanines. 

By Frances M. Hamer, Russell J. Rathbone, and Barbara S. Winton. 

Neocyanine is a trinuclear cyanine dye, which had been obtained as a by-product by tlie 
action of alkali on a lepidinium salt in the presence of iodoform or ethyl orthoformate, and for 
which three formulae had been proposed. That which represents it as being both a substituted 
trimethincyanine and a substituted pentaraethincyanine has now been established by synthesis. 
Analogous dyes having three similar heterocyclic nuclei other than 4-linked quinoline have also 
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been synthesised. The necessary branched-chain intermediates, consisting of AT-alkyldihydro- 
derivatives of heterocyclic bases, with a dianiloisopropylidene group in the reactive position, were 
prepared from the corresponding methylene bases or their anilomethyl derivatives, by heating 
with ethylisoformanilide and zinc chloride. Their condensation with heterocyclic quaternary 
ammonium salts, having a reactive methyl group, resulted in neocyanines identical with those 
obtained empirically, when such existed. The absorption maxima of the trinuclear dyes have 
been compared with those of the related tri- and pcnta-methincyanines. 


Neocyanine, a new sensitiser for the infra-red, was announced by Dundon, Schoen, and Briggs 
(/. Opt. Soc. Amer., 1926, 12, 397) as sensitising more powerfully beyond 8000 a. than any dye 
previously reported. They said it had been isolated by H. T. Clarke as a less .soluble by-product 
in the preparation of 4 : 4'-carbocyanine but did not .specify his method. At that time, the 
normal method for preparing a 4 : 4'-carbocyanine, apart from the synthesis by Mills and 
Braunholtz which established its constitution (T) (/., 1923, 123, 2804), consisted in treating a 
lepidinium salt with alkali in the presence of formaldehyde or chloroform (Adams and Haller, 
J. Amer. Chem. Soc., 1920, 42, 2661). Only in 1928 did the acceptance of a British patent 
disclose that neocyanine had been produced in a 4 : 4'-carboc37aninc preparation in which 
iodoform had been used instead (Kodak Ltd., B.P. 292,274/1927) ; the corresponding American 
patent did not appear for another three ^’■ears (Clarke, U.S.P. 1,804,674/1931). Meanwhile one 
of us (Hamer, /., 1927, 2796), in describing a general method for the preparation of carbocyanines 
by condensing a quaternar}^, heterocyclic ammonium salt having a reactive methyl group, with 
eth^d orthoformatc in the presence of pvTidinc, recorded that the 4 : 4'-carbocyanine was 
accompanied by a by-product, identical with ncocyanine. Soon afterwards, in preparing a 
neocyanine from each of three lepidinium salts, a modified method gave 36 — 41% 
yields. Analyses led to the conclusion that the ncocyanine molecule had been formed from three 
molecules of le})idine alk^d halide, with elimination of h^'drogen halide, and that eitlicr one or two 


CH-cH:(j:ir 




Et 


EtI 


(I.) 


EtI 




(III.) 


additional carbon atoms had entered the molecule. Based on the former supposition, the’ first 
neocyaninc formula (II), showing it as a p-substituted 4 : 4'-carbocyanine (I), was proposed 
(Hamer, J., 1928, 1472). 

To dyes prepared from lepidinium and from quiualdinium salts, with carbon tetrachloride 
and alkali, Ogata and Tamura assigned formula3 such as (III) {Bull. Inst. Phys. Chem. 
Japan, 1934, 13, 475), but Ogata subsequently disclaimed these {ibid., j). 491) and adopted 
formulae of type (II) for dyes of the neocyanine class, which he prepared from alkiodides of 
several heteroc^xlic bases with orthoformic ester or diphenylformamidine in the presence of 
various condensing agents {Proc. Imp. Acad. Tokyo, 1932, 8, 603; ibid., 1933, 9, 602; Bull. 
Inst. Phys. Chem. Res. Japan, 1934, 13, 497). 


EtI 




In 1931 Brooker described the neocyanines of the thiazole series and in addition to a formula 
of type (II) suggested an alternative (IV) with a different carbon chain (B.P. 408,273/1931). 
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Since alkali would be likely to convert (II) into (III), whereas (IV) had the advantage oi 
explaining the stability of the neocyanines to alkali, formula (IV) was preferred to (II) (Brooker, 
Hamer, and Mees, Phot, 1933, 57, 268; /. Opt Soc. Amer\ 1933, 28, 216). 

In 1936 W, Konig, in a theoretical paper on the chemistry of sensitisers, expressed his 
disbelief in formula (II) and said that he regarded neocyanine as a pentamethincyanine of 
formula (V). He pointed out that whereas (V) has 4 : 4'-linkings, other analogous substances 
with 2 : 2'-linkings are also possible, and he gave a general formula for those (Z. wiss. Phot, 
1936, 84, 16). 

The essential feature of Kdnig’s formula was the symmetrical attachment of the three 
heterocylcic nuclei to an unbranched' pentamethin chain, and concurrence with this view of the 
structure was at once expressed (Hamer, Chem, and Ind., 1935, 18, 640) on the ground that it 
accorded with a reasonable manner of formation of the dye ; neocyanine could be regarded as 
arising from the condensation of the methyl group of lepidine ethiodide with two molecules of 
eth^d orthoformate and the subsequent condensation of the resulting intermediate with two more 
molecules of lepidine ethiodide. 

On the modern views a neocyanine kation of this structure would have its two units of 
positive charge distributed over the three basic groups. It cannot therefore be represented by a 
single structural formula, but would be regarded as a resonance hybrid of the three canonical 
structures (Via, b, and o). 



These formulae, in particular (Vic), suggest the possibility of a rational synthesis of 
neocyanine from a suitable intermediate containing the grouping (VII), and the 
dianilo-compound (VIII) seemed most likely to fulfil this purpose. We have succeeded in 
preparing a number of diaiiils of this type and ha\e found that with their aid the synthesis of 
the corresponding neocyanines can in fact be readily accomplished. 


(VII.) 



Et 
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PhN:CH-c!-CH:NPh 


The synthesis was first carried out in the benzthiazole series, with the aid of 
ethyl isoform anilide which, as Knott has recently shown (J 1946, 120), condenses even more 
readily than diphenylformamidine (I.C.I. Ltd., Piggott, and Rodd, B.P. 344,409/1929) with 
pyridinium salts having a reactive methyl group. As a starting point we employed, instead of a 
quaternary salt, the methylene base 3-ethyl-2-methylenebenzthiazoline (IX) (Hamer, Rathbone, 
and Winton, this vol., p. 964). Heated with ethylfsoformanilide in the presence of zinc chloride, 
this yielded a zinc chloride complex of the base (XI), from which the base itself could be isolated 
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by appropriate treatment with alkali. The presumed intermediate (X) had already been 
described by Brooker and White, who obtained it by the action of alkali on 2-p-anilinovinyl- 
benzthiazole ethiodide (U.S.P. 2,298,732/1942), and we found that it also could be condensed 
with ethyhsoformanilide to yield (XI). It is safe to assume that the methin group attached to 
the ring is attacked, rather than the more remote methin group, since the former is in 
the well-known reactive position. We should have liked to have obtained direct proof of this 
assumption and therefore prepared the a- and p-methyl derivatives of (X) (Hamer, Rathbone, 



[1947] Some Trinudear Cyanine Dyes. Part I. 1437 


and Winton, loc, cii.), hoping to be able to condense the p-methyl derivative with ethyltso- 
formanilide, but the attempt, as also that with the a-methyl derivative, was unsuccessful. 

The final stage in the synthesis was readily effected. The dianilo-base (XI), heated for a 
few minutes with 2-methylbenzthia2ole ethiodide, either in pyridine solution or with sodium 
acetate and acetic anhydride, gave in excellent yield a neocyanine (XII), identical with that 
obtained by Ogata’s method (Proc. Imp. Acad. Tokyo, 1933, 9, 602; Bull. Inst. Phys. Chem. Res. 
Japan, 1934, 13, 497) from a 2-methylben2thiazolium salt and ethyl orthoformate. 


(XI.) + 2 MeC 




EtI 



In the thiazole series we prepared the dianilo-basc (XIII) from 4-inctiiyl-3-ethyl-2-anilo» 
ethylidene-A^-thiazoline, condensed it -with 2 : 4-dimethylthiazole etho-/)-tolucnesulphonate in 
pyridine, and isolated the dye as iodide (XIV), which was identical with that obtained by the 
empirical method from the same quaternary salt with ethyl orthoformate and pyridine (B.P. 
408,273/1931). 

Neocyanine itself was synthesised in a similar manner. The necessary dianil (VIIT) was 
prepared by condensation of the methylene base from lepidine etho-/>-toluenesulphonate with 
ethylisoformaiiilide and this, heated with lepidine ethiodide, acetic anhydride and sodium acetate, 
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gave in 20% yield a product identii:al with the iieocyanine obtained from lepidine ethiodide and 
ethyl orthoformate in the presence of pyridine (Hamer, /., 1927, 2790; cf. idem, J., 1928, 1472). 

The synthesis of neocyanines in this manner may be taken as proof of the correctness of the 
structure now assigned to them. 

In addition to the three dianilo-bases, (VUI), (XI), and (XIII), the following representatives 
of this class have been prepared : 6‘Chloro-^'ethyl~2-dianiloisopropylidenebenzthiazolme, Z-eihyl- 
2-dianiloisopropylidene-iS : 1-henzhenzthiazoline, 2'ethyl-2~dianiloisopropyHdenchenzsclenazoline, 
Z-methyU2-dianiloisopropyliden€thiazolidine, Z-eihyl-2-dianilo\sopropyhdene'ihiazolidine, \-ethyl- 
2~dianiloisopropylidene~ 1 : 2-dihydroquinQline, Z~ethyl-2~dianiloi^opropylidenchenzoxazoline. 

From the dianils, new neocyanines were prepared, namely the dichloride corresponding with the 
di-iodide (XIT), analogues of (XII) having, respectively, three 6 : 7-benzbenzthiazole and three 
5-chlorobenzthiazole nuclei, its 5^/ewa-analogue (XV), and two b?-thiazoline analogues (XVI). 
It will naturally be understood that each of these formulae is to be taken as the representative of 
a set of resonating structures. 



(XV.) EtI (XVI.) 


The absorption curves of methyl-alcoholic solutions of the trinudear dyes were plotted. 
They were well-defined and rather narrow, with sometimes an inflexion on the short wave-length 
side. Since the neocyanines might be regarded as combining the structural characters of the 
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tri- and penta-methincyanines, we give in the following table the wave-lengths of the absorption 
maxima of seven neocyanines and for comparison those of the corresponding tri- and 
penta-methincyanines. Certain abbreviations, obvious in conjunction with the text, have been 
used. Each previously recorded absorption maximum is marked with a bibliographic reference, 
the unmarked ones being those of compounds described in the present paper. Some of the 
parent cyanines were prepared for the sake of this comparison. With each of the seven 
neocyanines, the absorption maximum lies between that of the unsubstituted trimethincyanine 
and pentamethincyanine, as recorded already for one such dye (Hamer, Chem. and Ind., 1935, 
18, 640). The bathochromic shifts on passing from trimethincyanine to neocyanine vary from 
376 to 710 a. and those on passing from neocyanine to pentamethincyanine vary from 350 to 
520 A. Other comparisons may also be made. For instance, replacement of the three 4-linked 
quinoline nuclei of iieocyanine by three benzthiazole nuclei caused a hypsochromic shift of 
1735 a. Replacement of three benzthiazole nuclei by three methylthiazole nuclei caused a 
hypsochromic shift of 140 a., whilst their replacement by three 6-chlorobenzthiazole, three 
6 : 7-benzbenzthiazole, or three benzselenazole nuclei caused bathochromic shifts of 90,335, and 
185 A., respectively. 

The new dyes comprised photographic sensitisers and dcsensitisers. 
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t Fisher and Hamer, Proc. Roy. Soc., 1936, A, 154 , 703. 

X Hamer, Rathbqne, and Win ton, this vol., p. 954. 

§ Cf. Fisher and Hamer, J., 1930, 2502. 
j) Brooker, J. Amer. Chtm. Soc., 1936, 58 , 662. 

Nomcnclaiurc . — Some years ago we finst adopted the practice of publishing the systematic 
names for the cyanines in addition to other names (Fisher and Hamer, 1937, 907) or, as the 
structures became more complex, exclusively (Beilenson and Hamer, J., 1942, 98). Thus whilst 
(I) may be described as 1 : r-diethyl-4 : 4'-carbocyanine iodide (Mills and Braunholtz, 
1923, 123, 2804), its systematic name is [bis-4-(l-ethylquinoline)] trimethincyanine iodide. 
This nomenclature presupposes only a knowledge of the fundamental structure of a cyanine 
dye ; each ring is denoted by its usual description and numbering, and the positions of linking 
are indicated. In extending the systematic nomenclature to the present trinuclear cyanines, 
it is apparent that neocyanine itself might be named either as a substituted trimethincyanine 
or as a substituted pentamethincyanine. In introducing one fresh convention, that a trinuclear 
dye is named as a derivative of that parent cyanine having the shorter chain, of course we do 
not intend to imply that it actually is a derivative of that cyanine rather than of the one having 
the longer chain. A second parenthesis is introduced to comprise the third nucleus and here 
the numbers which indicate the position of linking and the positions of substituents are each 
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followed by a dash, whilst the Greek letters show the positions of attachment of the chain 
linking the third nucleus. Thus neocyaiiine is called [bis-4-(l-ethylquinoline)][ap'-dimethin-4'- 
( r-ethylquinoline)]trimethincyamhe di-iodide. 

Expkrimental. 

3-Ethyl-2-dianiloisopropylideneben£ihiazolin6 (XI). — 3 -Ethyl- 2 -methylenebenzthia 2 o]ine (33*17 g. ; 
1 mol.), zinc chloride powder (76*6 g. ; 3 mols.), and ethyh.soformanilide (277 c.c. ; 10 mols.) were heated 
together at 175 — 180“ for hours, with mechanical stirring. Acetone (700 c.c.) was added, and the 
mixture heated until all lumps had gone. After cooling, the zinc chloride complex was filtered off and 
washed with acetone. . It was ground with, and .stirred into, water (750 c.c.). it was filtered off, washed 
with methyl alcohol, boiled out twice with that solvent (1000 c.c., 200 c.c.), and washed twice with hot 
methyl alcohol (60 c.c. x 2 ). 

For converting the complex (54*2 g.) into base, it was ground with w^atcr (10 c.c. per g.) and with 40% 
sodium hydroxide solution (20 c.c. per g.) and the suspension was shaken with acetone (100 c.c. per g.). 
The acetone extract was filtered ancl the aqueous residue was further extracted twice with acetone (10 c.c. 
per g. X 2). The extracts were dried over stick sodium hydroxide for a period of days, then filtered, and 
the acetone was distilled off under a vacuum (in six lots) and the concentrate (volume about 15 c.c. x 6 ) 
cooled. The base crystallised and was filtered off and washed with methyl alcohol until the w^ashings 
were no longer brown. The yield was 28% (19*76 g.). In recrystal Using from methyl alcohol (110 c.c. 
per g.), the time of heating w*as kept to a minimum and the yield was 21 % (15-36 g.). (After drying in a 
vacuum desiccator, it was analysed by the method of Carius, which method was used throughout this 
work for sulphur and halogen determinations.) (Found : S, 7*9. Found, after a second recrystallisation : 
S, 8-2. C 24 H 21 N 3 S requires S, 8*35%). The yellow crystals had m. p. 127“, becoming orange at about 

110°. The broad absorption curve had its maximum at 4020 a. and an inflexion at 3500 a. The base 
was photographically inert. 

In the second method of preparation, 3-cthyl-2-aniloethylidenebcnzthiazoline (X) (47 g. ; 1 mol.), 
zinc chloride (94 g. ; 4*1 mols.), and cthyHsoformanilide (250 g. ; 10 mols.) were heated together at 
160—185° for 1 hour. After partial cooling, acetone (1000 c.c.) was added; refluxing was applied, in 
order to break up a hard lump. When cold, the solid was filtered off, washed with acetone, and ground 
with water (107 g. obtained). It was thrice boiled out with methyl alcohol (2350 c.c. x 3) ( 8*01 g., 
0-09 g., and 0*16 g., respectively, crystallised from the filtrates). When a test portion of the solid from 
the first boiling out was heated with a 2 -methylbenzthiazolium salt in pyridine, it gave a red colour, whilst 
a test portion of the second or third, when similarly treated, gave a blue. The boiling out with methyl 
alcohol halved the weight of zinc chloride complex. It w-^as converted into free base as before and gave 
a 17% yield (11 g.), and after recrystallisation from methyl alcohol 10% (6-46 g.). Its m. p. was the 
same as that of the sample prepared by the first method, and that of the mixture w*as identical. 

5 - Chloro-Z-ethyl-2-dianiloisopropylidenebenzthia2oline. — 5 > Chloro - 3 - ethyl-2-mcthylenebenzthiazoline 
(24 g. ; 1 mol.), zinc chloride (47 g. ; 3 mols.), and ethyUsoformanilidc (170 g. ; 10 mols.) were heated 
together at 190°, v ith mechanical stirring, for IJ hours. After partial cooling, acetone (1000 c.c.) was 
added and the solid was filtered off, ground with water (28 g. left), and boiled out with methyl alcohol 
(500 c.c. X 4). The filtrates varied from purjDle to pale pink, but a negligible amount of solid (total, 0- 1 g.) 
separated from them. The yellow zinc chloride complex (24-12 g.) was ground with 40% sodium 
hydroxide solution (400 c.c.) and water (200 c.c.) and extracted with acetone (5000 c.c.). The extract 
was dried with stick sodium hydroxide, the solvent di.stilled off under a vacuum, and the concentrate 
cooled, giving a 16% yield of crude base (7-83 g.). A sample w-as recrystallised from pyridine (5 c.c. per g. ; 
yield 12%) (Found, after drying in a vacuum at 60 — 80°, which method of drying w*as employed through- 
out this work except where otherwise stated : Cl, 8-7. r 24 H 2 oN 3 ClS requires Cl, 8-5%). The yellow 
crystals had m. p. 182 — 184°. The absorf>tion curve had its maximum at 4100 •\. and tailed off very 
gradually on the short wave-length side. Towards a gelatino-chloride photographic emulsion the 
substance exerted slight sensitisation as far as 4700 a. 

3-Ethyl-2-dianiloisopropyHdene~Q : l-bcnzbcnzihiazoline - -To 3 -ethyl -2- methylene - 6 : 7-benzbenz- 
thiazoline (11*43 g.) was added ethyliseformanilidc ; zinc chloride powder was stirred in, and the mixture 
heated. It was stirred by hand, in order to break up the lumps of zinc chloride, until the oil-bath 
temperature reached 80°. Mechanical stirring was then applied and the temperature was raised to 
175 — 180° and held there for an hour. After cooling, the hard reaction product was treated with acetone 
(260 c.c.), being heated and stirred at intervals for a few hours in order to break up the lumps. The solid 
was filtered off, washed with acetone, ground with water, and then boiled out four times with methyl 
alcohol (450 c.c. X 4). The residual complex (9*62 g.) was ground with water (10 c.c. per g.), added to 
acetone (100 c.c. per g.), and shaken with 40% sodium hydroxide solution (20 c.c. per g.) until all solid 
had disappeared. The acetone layer was filtered, and the aqueous part further twice extracted with 
acetone (200 c.c., 100 c.c.). The extracts were dried over stick sodium hydroxide for 2 days. The 
filtrate was then concentrated under a vacuum until almost all the acetone had been removed and only a 
little aqueous liquid was left. The solid which separated on cooling was filtered off and obtained, after 
washing with acetone, in 21% yield (4*49 g.). It was recrystallised from methyl alcohrfl (4000 c.c.), the 
time of heating being reduced to the very minimum. The yield was 9% (1*86 g.) but in a recrystallisation 
where boiling with mechanical stirring went on for 7 minutes the yield was only half that (Found : S, 
7*2. CjgHjaNaS requires S, 7*4%). The dull yellow crystals melted at about 173° with previou.s 
darkening and shrinking. The absorption maximum was at 3890 a. and the base did not sensitise a 
gelatino-chloride photographic emulsion. 

3’Ethyl-2-dianiloisopropylidenebenzselenazoline. — 3-Ethyl-2-aniloethylidenebenzsclen azoline (20 g. ; 

I mol.), ethylisoformanilide (44 g. ; 6 mols.), and zinc chloride (18 g. ; 2*2 mols.) were heated together at 
160 — 170° for 30 minutes. The product was treated with water, and the solid was next thoroughly 
ground and washed with acetone and boiled out with methyl alcohol (1400 c.c.). The zinc chloride 
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complex (11-5 g.) was converted into base, by grinding to a paste with water and shaking with 40% 
sodium hydroxide solution (100 c.c.) and acetone (600 ex.). The filtered acetone extract was dried with 
stick sodium hydroxide, then concentrated considerably. The base was filtered off, washed with spirit, 
and obtained in 14% yield (3-8 g.). On recrystallisation from methyl alcohol (80 cx. per g.), the yield 
fell to 7% (Found : N, 9-9. CjiHjiNgSe requires N, 9*76%). The bright yellow crystals had m. p. 140° 
(decomp.) . The absorption curve had a maximum at 4070 a. and an inflexion at 3560 a. The su&tance 
did not sensitise a gelatino-chloride photographic emulsion. 

In a second method of preparation, 3'ethyl-2-methylenebenzselenazoline (22-4 g. ; 1 mol.), ethyh'so- 
formanilide (75 c.c. ; 5 mols.) and zinc chloride (41 g. ; 3 mols.) were heated together at 160 — 170° for 
2 hours. The washed product was boiled out with methyl alcohol (1000 c.c.), leaving a residue of zinc 
chloride cc)m])lex (6*62 g.). The yield of crude base was 10%, falling to 7% on recrystallisation from 
methyl alcohol. M. p. and mixed m. p. showed its identity with the sample prepared by the first method. 
A by-product (5*25 g.) which separated from the methyl-alcoholic extract of crude zinc chloride complex 
was identified as follows as a zinc chloride complex of 3-ethyl- 2 -aniloethylideneben 2 selenazolme. It was 
treated with 40% sodium hydroxide solution (40 c.c.) and acetone (100 c.c.) ; on pouring the concentrated 
acetone extract into water, a base (4*11 g.) resulted, and after rccrystallisation from light petroleum 
(b. p. 80 — 100"), consisted of a 20% yield (2*83 g.) of what was proved to be 3-ethyl-2-aniloethylidene- 
benzselenazoline, by comparison with a genuine specimen. 

It is noteworthy that we were unable to prepare the dianilo-base by the action of ethyU’soformanilide 
and zinc chloride on the zinc chloride complex of 3-ethyl-2-aniloethylidenebenzselenazoline, which tallies 
with the fact that it could not be thus prepared from the hydrochloride either, i.e., from 2-j3-anilinovinyl- 
bcnzselenazole ethochloride. 

4 - Methyl - 3 - ethyl - 2 - dianiloiaopropylidene-A^-thiazoline (X 1 1 1 ) . — 4-Methyl-3-ethyl-2-aniloethylidene- 
A^-thiazolihe (48*8 g. ; 1 mol.), ethylfsoformanilide (152 g. ; 6 mols.), and zinc chloride (80 g. ; 3 mols.) 
were heated together at 150 — 170° for 2 hours. The crude zinc chloride complex was washed with 
acetone, treated with water, and boiled out with methyl alcohol (.3200 c.c.) (64*8 g. left). It was then 
shaken vigorously at room temperature with 40% sodium hydroxide solution (660 c.c.) and acetone 
(3200 c.c.). The acetone extract was concentrated to small bulk and the base precipitated by addition 
of ice-w^ater (31*6 g. obtained). On recrystalfisation from light petroleum (b. p. 80 — 100° ; 36 c.c. per g.), 
a 35% yield (23*9 g.) of golden-yellow crystals was obtained (Found : S, 9*06. CaiH^iNgS requires S, 
9*25%). M. p. 111° (decomp.). The absorption maximum was at 3475 a. The base was inert towards 
a gelatino-chloride photographic emulsion. 

3 - M ethyl - 2 - dianiloisopropylidenethiazolidine. — 3-Methyl-2-aniloethylidenethiazolidine (10*20 g. ; 1 
mol.), ethylwoformanilide (70 c.c. ; 10 mols.), and zinc chloride (19*13 g. ; 3 mols.) were heated together 
at 175 — 180° for IJ hours. The warm viscous mass was treated with acetone (150 c.c.). The solid was 
filtered off, treated with water (300 c.c.), and boiled out four times with methyl alcohol (125 c.c. x 4) 
(12*85 g. of zinc chloride complex left). 

In order to liberate the free base, the zinc chloride complex (8 g.) was ground with acetone (120 c.c.), 
and the mixture cooled with ice and stirred mechanically. An ice-cold solution of sodium (2 g.) in 
absolute alcohol (120 c.c.) was run in, and stirring with cooling was applied for 10 minutes; when the 
sodium ethoxide solution was first added, the liquid became bright yellow. The solid, which apparently 
consisted of zinc oxide and sodium zincate, was filtered off and washed with acetone (16 c.c.y. On 
pouring the filtrate and washings into ice-cold water (500 c.c.), the base was precipitated as a yellow solid, 
being obtained in 36% yield (3*33 g.). Rapid recrystallisation from methyl alcohol (26 c.c. per g.) 
gave a 30% yield, but when boiling and mechanical stirring were applied for 6 minutes, decomposition 
took place, so that the yield was only 4% (Found : S, 9*95. CigHigNjS requires S, 10*0%). 
Recrystallisation from light petroleum (b. p. 80 — 100°) was le.ss precarious and gave an 18% yield. The 
lemon-yellow crystals had m. p. 127°. The absorption maximum was at 3720 a. The base was 
photographically inert. 

3-Ethyl-2-dianiloisopropylidenethiajsoHdine . — Tke zinc chloride complex (66 g.) was prepared 

similarly from 3-ethyl-2-aniloethylidenethiazolidine (90*6 g.) and was converted (in 20 g. lots) into the 
free base, of which the yield was 33% (43 g.). After recrystallisation from light petroleum 
(b. p. 80 — 100°; 120 c.c. per g.), the yield was 22% (Found, after drying in a vacuum at 60° : S, 9*6. 
CgoHa^NgS requires S, 9*65%). The bright yellow crystals had m. p. 104°. The absorption maximum of 
the broad curve was at 3630 a. The base was photographically inert in a gelatino-chloride emulsion. 

l-Ethyl-^t-dianiloisopropylidene-l : A- dihydroquinoline (VIII). — l-Ethyl-4-methylcne-l : 4-dihydro- 
quinoline (10*44 g. ; 1 mol.) was treated with ethyl«oformanilide (90*6 c.c. ; 10 mols.) and zinc chloride 
powder (25 g. ; 3 mols.) and the mixture was heated in an oil-bath and stirred by hand until the 
temperature reached 80° and the large lumps had been broken up. Mechanical stirring was then applied 
and the mixture was heated at 176 — 186° for IJ hours. Whilst still warm, the reaction mixture was 
treated with acetone (160 c.c.), whereupon hardening occurred. After intermittent heating, the dark 
syrupy liquid was poured off and the hard residue heated with another equal amount of acetone, and 
finally with yet another, which left no residue. All the dark mixtures were filtered after cooling and the 
residual solid was further washed with acetone, and with water (600 c.c.). The solid was boiled out 
thrice with methyl alcohol (400 c.c. X 3). The first filtrate was almost black, the second dark brown, 
the third amber, and the residual solid (12*74 g.) a clean, bright orange. 

In order to obtain the base, the zinc chloride complex (2 g.) was ground with acetone (30 c.c.), and the 
suspension cooled with ice and treated with an ice-cold solution of sodium (0*46 g.) in absolute alcohol 
(30 C.C.). The solid was crushed until orange streaks were no longer visible : the liquid became dark 
yellow. The grey residue was filtered off and washed with a cooled alcohol-acetone mixture : the 
filtrates were poured into ice-cold water (60 c.c.). Before the bright yellow solid could be filtered off it 
had become brown. It was washed with ice-cold water and dried in the air and finally in a vacuum 
desiccator. The yield of base was 34% (1*24 ^.). 1 G. was twice extracted with hot light petroleum 

(b. p. 40 — 60°; 20 c.c. X 2), each extract bemg filtered into a tube cooled with ice. The yield of 
recrystallised product was only 3% (Found, after drying in a vacuum desiccator : N, 11*0. 
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reqiiires N, 1116%). When heated, the light brown powder began to shrink at 90° ; decomposition was 
gradual and the substance was quite black by 164° but without any definite m. p. The absorption 
maximum was at 4786 a., with another maximum at 4020. The base sensitised a gelatino-chloride 
photographic emulsion weakly up to 6400 a., with the maximum at 4950. 

l-Ethyl-2-dianiloiso^apyUden6-l : 2-dihydroquinoline. — l-Ethyl- 2 -methyJene-l : 2-dihydroquinoline 
{10*14 g.) was heated with ethylisoformanilide and zinc chloride as in the previous preparation. The 
warm product was treated with acetone (120 c.c.) and left to stand, with occasional warming. The 
suspension was poured ofi from the hard residue, which was similarly treated with a second portion of 
acetone (120 c.c.) and later with a third (120 c.c.). After cooling, the extracts were filtered, giving a 
black, treacly filtrate. The residual product was washed with acetone, ground with water (400 c.c.), 
and thrice boiled out with methyl alcohol (760 c.c. x 3). The residue of zinc chloride complex was a dull 
orange (7*31 g. obtained). 

Its conversion into base was carried out as in the preceding preparation. The yield of washed, dried 
base was 7% (0*82 g. from two 2 g. lots of complex). It was a dirty yellow when first precipitated but 
finally a dark green. On recrystallising as quickly as possible from light petroleum (b. p. 80—100° ; 60 
c.c. per g.), the yield dropped to 1% (Found, after drying in a vacuum desiccator : N, 10*85. C„H„N, 
requires N, 11*15%). The light brown powder had no definite m. p. ; shrinking began at about 95° and 
considerable decomposition had occurred by 105°, The broad absorption curve had its maximum at 
4100 A. On a gelatino-chloride emulsion the base conferred traces of sensitivity up to 6200 a. 

3-Etkyl-2-dianiloisopropylidenebenzoxa2oline. — 3- Ethyl-2 -aniloethylidenebenzoxazoline (106 g. ; 1 

mol.), ethylwoformaniHde (300 c.c. ; 5 mols.) and zinc chloride (168 g. ; 3 mols.) were heated together at 
160 — 160° for 1 hour. The reaction mixture was heated with acetone, and the solid boiled out with 
methyl alcohol (1600 c.c.). The resultant zinc chloride complex (45 g.) was warmed and shaken with 
20% sodium hydroxide solution (7*6 c.c. per g.) and acetone (65 c.c. per g.). After concentration, the 
acetone extract was precipitated with aqueous ammonium chloride solution, and the crude base 
recrystallised from methyl alcohol (100 c.c. per g.) (18 g. obtained). As a sample left some ash on 
heating, the base was purified by suspending it in spirit (20 c.c. per g.) and acidifying with concentrated 
hydrochloric acid (4 c.c. per g.). The filtered solution was treated with ammonia and the precipitated 
base was obtained in 6 % yield ( 8*6 g.). On recrystallisation from methyl alcohol (700 c.c.), the yield 
dropped to 4 % (5*3 g.) and on a second recrystallisation (from 450 c.c.) to 3% (Found : N, 11 * 6 . 
C 24 H 21 ON 3 requires N, 11*45%). The bright yellow crystals had m. p. 210° (decomp.). The absorption 
maximum was at 3756 a. The compound was photographically inert. 

[Bis-2-{3-ethylbenzthiazole)] [aP'-dimethin-2'-(3'-ethylbenzihiazole)jtrimethincyanine Di-iodide (XII). — 
3-Ethyl-2-dianiioisopropylidenebenzthiazoline (XI) (0*19 g.; 1 mol.) was ground with 2-methylbenz- 
thiazole ethiodide (0*31 g. , 2 mols.) and the mixture lieated with pyridine (2 c.c.) at 130 — 140° for 5 
minutes. A blue colour rapidly developed and solid crystallised. It was filtered off when cold and 
washed with pyridine and with ether, being obtained in 90% yield (0*36 g.). After recrystallisation 
from methyl alcohol (100 c.c. per g.) it was obtained in 74% yield (0*28 g.) (Found : I, 31*55. 
CjjHaiNjIaSa requires I, 31*46%). The dark green crystals had m. p. 243° (decomp.). The absorj^tion 
maximum was at 6015 a. with an inflexion to the curve at 5550. The dye caused weak photographic 
sensitisation, extending to 7000, with its maximum at 6450 a. 

In a preparation in which the pyridine was replaced by anhydrous .sodium acetate (0*33 g. ; 8 mols.) 
and acetic anhydride (2 c.c.), the yield of crude product, after washing with acetic anhydride, ether, and 
water, was 65%, and after recrystallisation from methyl alcohol it was 65%. 

Ogata (Bull, Inst. Phys, Chem. Res. Japan, 1934, 13, 497; cf. idem, Proc. Imp. Acad. Tokyo, 1933, 
9, 602) heated together 2-methylbenzthiazole ethiodide, orthoformic ester, and succinic acid at 170°, 
and claimed a 15% yield of thiacarbocyanine and a 1% yield of more soluble neocyanine, with no 
indication that a troublesome purification is necessary. In repeating the preparation, our best result was 
obtained by heating together 2-methylbenzthiazole etho />-toluenesulphonate (3 g. ; 3 mols.), succinic 
acid (2*72 g. ; 8 mols.), and ethyl orthoformate (3 c.c.; 3*2 mols.) at 180 — 190'" for 10 minutes. After 
cooling, the liquid was poured off, and the residual tar washed with absolute ether (25 c.c.). It was then 
heated with a solution of crystalline sodium carbonate ( 6*6 g. ; 8 mols.) in water (10 c.c.), so as to remove 
any succinic acid. To convert the dyes into iodides, potai>sium iodide (3 g.) was added and the green 
solid was filtered off. In addition to a dye giving a pink and one giving a blue solution, other matter was 
present. After two washings w'ith water (10 c.c. x 2), the residue (1*18 g.) was thrice boiled out wfith 
methyl alcohol (10 c.c. x 3). The blue dyes from the first two fractions were put together (0*33 -f 0*13 g.), 
but the bluish-pink dye (0*10 g.) from the third was rejected. The residue was recry stalliscd from 
absolute alcohol (50 c.c.) and gave the pink thiacarbocyanine (0*20 g.). On precipitating the combined 
methyl-alcoholic filtrates with absolute ether (150 c.c.), a further yield of the blue dye was obtained 
(0*06 g., making the total 0*52 g.). The dye giving a blue solution was twice boiled out with absolute 
alcohol (50 c.c. per g. x 2), and was then recrystallised from methyl alcohol (50 c.c. per g.), in which the 
neocyanine was considerably more soluble than in absolute alcohol. The final yield of purified 
thiacarbocyanine was 17% (0*15 g.) and of purified neocyanine 9% (0*09 g.) (Found : I, 31*9, 
C 32 H 81 N 3 I 2 S 3 requires I, 31*45%). Ogata correlated his nitrogen determination with the formula 
C 3 JH 51 N 3 IJS 3 and gave m. p. 256° (decomp.). The present specimen was found to have the same m. p., 
mixed m. p., and absorption as the synthetic one. 

[Z? 4 S - 2 - (3 - ethylbenzthiazole)][aP' - dimethi n-2 ' - (3' - ethylbenzthiazole)]trimethi ncyanine Dichloride . — The 
preceding di-iodide ( 0*88 g.) was converted into the dichloride by boiling its solution in spirit (176 c.c.) 
with fresmy precipitated silver chloride and taking the filtered solution down to dryness. The dichloride 
(0*62 g. ; 76% yield) was given two recrystallisations from ethyl alcohol (3 c.c. per g.) and ethyl acetate? 
(18 c.c. per g.) and thus obtained in 49% yield (Found : Cl, 10*6; S, 14*4. C 32 H 3 iN 3 Cl^S 3 ,C 2 H 50 H 
requires Cl, 10*4; S, 14*35%). Its green crystals melted at about 200° (decomp.). It was insoluble in 
anhydrous ether or in ethyl acetate but readily soluble in methyl or ethyl alcohol and in water. 

[B*5-2-(3-^fAy/-6 : l-benzbenzthiazole)][aP''dimethin-2'-(3'-ethyl -%' : T-benzbenzthiazoleWtrimethincyanine 
Di-iodide. — 3-Ethyl-2-dianUo»50propylidene-6 : 7-benzbenzthiazoline (0*87 g. ; 1 mol.) and 2 -methyl -6 : 7- 
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benzbenzthiazole etiuodide (1*42 g. ; 2 mols.) wew ground together, treated with pyridine (16 c.c.), and 
heated with mechanical stirring at 130 — 140® for 10 minutes. The washed solid was recrystallised from 
methyl alcohol (600 c.c.) and gave a 56% yield (1*07 g.). A second recrystallisation from spirit (630 c.c. 
per g.) gave a 36% yield. Filtration of the recrystallised dye was extraordinarily slow (Found : I, 26*2, 
C44H,7N,IgSa requires I, 26*6%). The dark bronze substance had m. p. 216® (decomp.). The absorption 
maximum was at 6350 a. with an inflexion to the curve at 6900 a. The dye did not sensitise but caused 
some depression of the normal sensitivity of the plate. 

[Bis - 2 - (5 - chloro - 3 - ethylbenzthiazole)] [a/5' - dimethin-2'- {5'’^hloro-2'‘eihylbenzthiazole)]trimethincyanine 
Di-iodide. — 6-Chloro-3-ethyl-2-dianilowopropylideneben2thiazoline (1*56 g.; 1 mol.), 6-chloro-2-methyl- 
benzthiazole ethiodide (2*65 g. ; 2 mofs.), anhydrous sodium acetate (1*23 g. ; 4 mols.), and acetic 
anhydride (10 c.c.) were heated together at 160° for 10 minutes. The washed dye (2*93 g. ; 86% yield) 
was recrystallised from methyl alcohol (320 c.c. per g.), after which the yield was 51% (Found : 3 Cl + 21, 
39*36. CagHagNaClalgSg requires 3C1 + 21, 39*56%). The green crystals had m. p. 240° (decomp.). 
The absorption maximum was at 6106 a. with an inflexion to the curve at 6700 a. The compound did 
not sensitise and strongly depressed the blue sensitivity of a photographic emulsion. A pure product 
was not obtained in earlier experiments where the condensing agent was pyridine. 

\Bis-2-{^-cthylhmzseXenazol€)'\ [aB'-dimethin~2'-(Z'-ethylbenzselenazole)'\tnmethincyanine Di-iodide (XV) . 
— 3-Ethyl-2-dianiloi50propylideneDenzselena2oline (0*66 g. ; 1 raol.), 2-methylbenzselenazole ethiodide 
(1*06 g. ; 2 mols.), and pyridine (6 c.c.) were heated and stirred together at 135 — 140® for 5 minutes. 
On recrystallising the washed dye (0*93 g. obtained ; 65% yield) from methyl alcohol (196 c.c. per g.), 
the yield was 66% (0*80 g.) (Found : I, 26*85. CagHaiNal^Scg requires I, 26*75%). The dull green 
crystals had m. p. 226° (decomp.). The absorption maximum was at 6200 a., with an inflexion to the 
curve at about 5740 a. The compound had a strong desensitising effect on a photographic plate. 

{Bis-2-(4t-methyl-Z-ethylthiazole)][ap'-dimethin-2'-(4i'-meihyl-^'-ethyUhiazole)]tnmethincyanine Di-iodide 
(XIV). — 4-Methyl-3-ethyl-2-dianiloisopropyUdene-A*-thiazoline (XIII) (0-69 g. ; 1 mol.), 2 : 4-dimethyl- 
thiazole etho-:^-toluenesulphonate (1*26 g. ; 2 mols.), and pyridine (5 c.c.) were heated together at 130® 
for 40 minutes. The pyridine was removed under reduced pressure, and the residue dissolved in hot 
spirit and poured into a hot aqueous solution of potassium iodide (2*2 g. ; 8 mols.). The dye (1*04 g. ; 
74% yield) was recrystallised from absolute alcohol (20 c.c.) and thus obtained in 69% yield (0*82 g.) as 
dark blue crystals (Found ; I, 36*26. Calc, for CggHgiNglgSg : I, 36*3%) ; it had m. p. 206° (decomp.), 
which was also the m. p. of the mixture of this synthetic specimen with that of the one prepared by the 
empirical method given below. The substance had a narrow absorption curve with its maximum at 
6876 A. It sensitised to 7100 a., the maximum lying at 6300. In these respects it was identical with 
the sample prepared by the following method. 

By the empirical method, 2 : 4-dimethylthiazoIe etho-/>-toluenesulphonate (31 g.), ethyl orthoformate, 
and pyridine W'cre boiled together for 6 hours (Kodak Ltd. and Brooker, B.P. 408,273/1931). The 
product (6*23 g.) obtained by concentration in a vacuum, followed by precipitation with potassium 
iodide, was boiled out four times with methyl alcohol (16 c.c. x 3, 26 c.c.). The fraction which 
crystallised from the first two extracts was combined with a second crop which resulted on concentration 
of the first three filtrates (total 6*2 g.). This was given a second fractional crystallisation from absolute 
alcohol (20 c.c., 25 c.c.) and methyl ^cohol (16 c.c.) but this time there was no residue and the neocyanine 
crystallised in 18% yield (3*97 g.) (Found : I, 36*2%). In the first fractional crystallisation, the less 
soluble residue (0*46 g.) was combined with the dye which crystallised from the last two extracts (0*47 
g.) and was recrystallised from methyl alcohol (100 c.c.), being obtained in 3% yield (0*6 g.) (Found : I, 
30*3. Calc, for CuHa^NglSa : I, 30*2%). This is bis-2-(4-methyl-3-ethylthiazolc)trimethincyanine 
iodide, identical with that prepared by Fisher and Hamer (/., 1930, 2602). 

[Bis - 2 - {Z -methyl - A^-lhiazoline)][ap'-dimethin-2'-{'B'-methyl-^^'-thiazoHne)]trimethincyanine Di-iodide 
(XVI; R — Me, X = I). 3-Methyl“2-dianiIowopropylidenetliiazolidine (0*64 g. ; 1 mol.), 2-methyl-A®- 
thiazoline methiodide (1*07 g. ; 2*2 mols.), and pyridine (8 c.c.) were heated together at 130—140° for 2 
minutes. The washed dye (0*83 g. ; 67% yielcf) was rccrystallised from methyl alcohol (25 c.c.). The 
yield was 63% (0*65 g.) and after a second recrystallisation from methyl alcohol (40 c.c. per g.) it was 42% 
(Found : I, 40*95. Ci,H28N3l2S3 requires I, 40*85%). When the purplish-red crystals were heated they 
began to shrink at about 116° and had largely melted and decomposed by 126° but there was no definite 
m. p. The absorption maximum was at 6066 a. The dye .sensitised a gelatino-bromide photographic 
emulsion up to 6900 a. 

[Bis- 2- {Z-ethyl-ii^-thiazoline)'] [aP'-dimethin-2 '-(Z' -ethyl- i^'^'-thiazoli ne)]trimethincyanine Diperchlorate 
(XVI; R « Et, X ~ CIO4). — 3*Ethyl-2-dianilo4Sopropylidenethiazolidine (1*02 g. ; 1 mol.), 2-methyl-A®< 
thiazoline ethiodide, and pyridine were heated together at 130 — 140° for 6 minutes. The gum. 
precipitated by absolute ether, was dissolved in hot spirit (30 c.c.) and treated with a hot solution of 
sodium perchlorate (1*68 g. ; 4 mols.) in water (30 c.c.). The crude perchlorate (1*69 g.) was boiled out 
with and recrystallised from methyl alcohol (16 c.c., 226 c.c.), the product being obtained in 61% yield 
(0*93 g.) (Found : Cl, 11*7. CjoHjiOgNjCljSa requires Cl, 11*66%). The brick-red crystals had m. p. 
230° (decomp. ) . The absorption maximum was at 5060 a . In a gelatino-bromide photographic emulsion 
the compound produced extra-sensitivity up to 6700 a. 

[Bi5-4- ( 1 -ethylauinoline)] {ap'-dimeihin-4/-{l '-ethylquinoline)]trimethincyanine Di-iodide. -- Crude 1 -ethyl- 
4-dianilo45opropylidene-l : 4-dihydroquinoline (VIII) (0*76 g. ; 1 mol.), lepidinc ethiodide (1*20 g. ; 2 
mols.), and anhydrous sodium acetate (1*31 g. ; 8 mols.) were ground together, treated with acetic 
anhydride (8 c.c.), and heated at 136 — 140° for 10 minutes. Brassy crystals of dye began to separate 
when the temperature reached 110°. The solid was filtered off, washed with acetic anhydride and with 
ether, ground with water (10 c.c.), washed with methyl alcohol, and boiled out with it three times (20 
c.c. X 3). The first fraction was rejected but the dye which crystallised from the second and third 
(0*01 g.) was put with the undissolved residue (0*41 g.) making a 27% yield (0*42 g.). On recrystallisation 
from methyl alcohol (1000 c.c. per g.) the yield was 20% (0*32 g.) (Found : I, 32*3. Calc, for 
C3gH2TN,l2 : I, 32*16%). When samples of the original neocyanine ethiodide (Hamer, 1928, 1472), of 
the present synthetic dye, and of their mixture were heated, all melted simultaneously at 280° (decomp.). 
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We failed to isolate the dye when heating with pyridine took the place of heating with sodium acetate 
and acetic anhydride, but in another experiment l-ethyl-4-dianiloisopropylidene-l : 4-dihydroquinoline 
(0*19 g. ; 1 mol.) and excess of lepidine ethiodide (0-46 g. ; 3 mols.) were ground together, treated with 
ice-cold pyridine (2 c.c.)# and left in the cold for six days, with occasional stirring. The crystals were 
filtered off and well washed; the residue (0*12 g.) was twice boiled out with methyl alcohol (16 c.c., 25 
c.c.), and the product which crystallised (0-01 g.) added to what remained (0*02 g,), making up a 7% 
yield. After recrystallisation from methyl alcohol (30 c.c.), the yield of the characteristic brassy crystals 
was 2% (0-01 g.). 

Bis - 2 » ( 6 - chloYO - 3 - eihylheYizthidzol^pentavYisthincyanine Iodide. — 5 - Chloro - 2 - methylbenzthiazole 
ethiodide (1-97 g. ; 2 mols.) and j9-anilinoacraldehyde anil hydrochloride (0*76 g. ; 1 mol.) in boiling 
absolute alcohol (20 c.c.) were treated with a solution of sodium (0-14 g. ; 2 atoms) in absolute alcohol 
(5 c.c.). The mixture was boiled and stirred for 3 minutes, during which time the solids dissolved and a 
green dye separated. After three recrystallisations of the washed dye (1-35 g. ; 80% yield) from methyl 
alcohol (2600 c.c., 3900 c.c., and 6000 c.c. per g.) the yield was 38% (Found : 2C1 + I, 33*66. 
CaaHaiNaClalSa requires 2C1 + I. 33-7%). The bluish-green crystals had m. p. 298® (decomp.). The 
absorption maximum was at 6660 a. The dye sensitised a gelatirio-bromide photographic emulsion 
from 6600 — 7400 a., with a maximum at 7000 a. This preparation was carried out by Dr. V. P. Pittman, 
whom we thank. 

Bis-2-{4L-‘methyl~Z-ethylthiazole)peYLtainethincyanine Iodide. — 2 ; 4-Dimcthylthiazole etho-j!>-toluene- 
sulphonate (12-52 g. ; 2 mols.), )3-ethoxyacraldehyde diethyl acetal (3*84 g. ; 1-1 mols.), and triethylamine 
(6‘6 c.c. ; 2 mols.) in pyridine (40 c.c.) were boiled and stired together for 7 minutes. Ether precipitated 
a sticky solid which was dissolved in hot spirit and treated with a solution of potassium iodide (13 g. ; 
4 mols.) in hot water. The crude dye (2*3 g.) was boiled out with and recrystallised from absolute ethyl 
alcohol (16 c.c., 100 c.c.), being obtained in 21% yield (1-92 g.) (Found : I, 28-3. C17H2SN2IS2 requires 
I, 28*45%). The steely bluish-green crystals had m. p. 214° (decomp.). The absorption curve had its 
maximum at 6370 a. and an inflexion at 6060 a. It sensitised from 6500 — 6900 A. with the maximum 
at 6800 A. 

Bis-2(^-ethyl-^^-thiazoline)pentamethincyanine Iodide . — A mixture of 2-mcthyl-A2-thiazoline 
ethiodide (3-98 g. ; 2 mols.), /5-anilinoacraldehyde anil hydrochloride (2 g. ; 1 mol.), anhydrous potassium 
carbonate (5-36 g. ; 6 mols.; 180-mesh), and ethyl alcohol (10 c.c.) was boiled for 4 minutes. The 
w'ashed solid (1*71 g.) was recrystallised from methyl alcohol (10 c.c.) and obtained in 27% yield (0*88 g.). 
After a second recrystallisation from methyl alcohol (10 c.c.), the yield was 24% (0-77 g.) (Found : I, 
30-2. CigHjaNgTSa requires I, 30*05%). The steely crystals had m. p. 231° (decomp.)^ The absorption 
maximum was at 5450 a. The dye sensitised a gelatino-broniide photographic emulsion, the maximum 
lying at 5700 A. 

We are indebted to Miss M. D. Gauntlett for the absorption measurements and to Drs. B. H. Carroll 
and E. B. Knott for the sensitising tests, 

Kodak Ltd., Wealdstone, Harrow, Middlesex. [Received, January 1th, 1947.] 
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By E. L. Hirst, J, K. N. Jones, and Winifred O. Walder. 

The mucilagenous polysaccharide in the lucerne seed has been shown to consist of a galacto- 
mannan containing galactose and mannose in the approximate ratio of 2 to 1. Hydrolysis of 
the methylated polysaccharide gave a mixture of sugars among which 2:3:4: 6-tetramethyl 
c/-galactose, 2:4: 6-trimethyl rf-galactose, and 3 : 4-dimethyl <?-mannose were detected. The 
general type of structure present in the polysaccharides h- discussed on the basis of this evidence. 

Polysaccharides other than cellulose are of common occurrence in the cell walls of many 
plants. They are, in general, insoluble in water but form solutions in dilute sodium hydroxide 
from which they may be precipitated by the addition of alcohol. Investigation of the hemi- 
celluloses from cell walls, with special reference to the endosperm of ungerminated seeds, has 
revealed the presence of a number of different polysaccharides. Amongst these are the 
galactomannans which occur in the endosperm of the seeds of Phoenix dactylifera, Elesis guinensis. 
Cocos nucifera, Coffea arabia (Schulze, Steiger, and Maxwell, Z. physiol. Cheni., 1890, 14 , 227), 
and lucerne seed (May and Schulze, Z. Biol., 193G, 97, 201 ; Wise and Appling, Ind. Eng. 
Chem. Anal., 1944, 16 , 28). Galactomannans have also been shown to occur in the seeds of 
the Fenugreek (Daoud, Biochem. ]., 1932, 26 , 266) and in the Carob bean (Spada, Atte. Soc., 
Nat. Mat. Modena, 1939, 70, 20). It appears that these polysaccharides may function as 
reserve material in the seed and are utilised by the seed during germination (Schulze, Landw. 
Jahrb., 1894, 23 , 1; Bar. deut. bot. Ges., 1896, 14 , 66). In view of these observations and 
since some pf the galactomannans have physical properties closely resembling those of the 
mucilages it was considered of interest to determine the mode of linkage of the sugars in the 
pol 3 rsaccharide molecule. 

The polysaccharide was isolated from lucerne seeds by the procedure given by Schulze 
5 A 
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Hir^, Jones, and W (Met : 

{loc, cit,). It was a white powder which did not reduce Fehling’s solution and gave aqueous 
solutions oi comparatively high viscosity. It underwent hydrolysis with boiling N-sulphuric 
acid at a rate indicating the presence of pyranose sugar residues in the molecule, and a quantit- 
ative determination of the sugars proved that ^f-mannose and d^-galactose were present in the 
approximate ratio of 1 to 2. No other sugar could be detected* 

The fully methylated galactomannan was obtained by reaction with sodium hydroxide and 
methyl sulphate followed by further treatment of the thallium hydroxide complex of the 
partially methylated derivative with methyl iodide. 

The methylated polysaccharide, which was essentially homogeneous, was resistant to 
methyl-alcoholic hydrogen chloride. Hydrolysis was effected by use of a mixture of hydro- 
chloric acid and glacial acetic acid which has been shown by Bell (Biochem. 1236, 29, 2031) 
to be efficacious in the hydrolysis of resistant polysaccharides. The products were isolated 
as the methylglycosides, and on distillation fractions containing the following sugars were 
obtained : (1) 2:3:4: 6-tetramethyl methyl-^i-galactoside, identified after hydrolysis and 
formation of the characteristic crystalline anilide of tetramethyl ^?-galactose ; (2) 2 : 4 : 6-tri- 
methyl tf?-methylgalactoside (I), identified after hydrolysis as the crystalline sugar and as its 
crystalline anilide; and (3) 3 : 4-dimethyl ^-methylmannoside (II), isolated after hydrolysis 
and oxidation as the crystalline 3 : 4-dimethyl ^f-mannon amide (III). Intermediate fractions 
were also obtained. 



The isolation of these sugars proves that the galactomannan is not a mixture of a galactan 
and a niannan. This follows since a polysaccharide built of solely glycosidically linked mannose 
residues, some of which are present in a form having three points of linkage with other mannose 
residues, must possess a corresponding number of residues connected to others only by one 
linkage. The experimental results show clearly that no such mannose end groups are present, 
and it follows that the mannose residues must be present in a structure containing galactose 
also. The sugar residues isolated are all in the pyranose form and are substituted on C4 by 
a methoxyl group. The isolation of a large amount of 2:3:4: 6-tetramethyl (i-galactose 
[ca. 30%) proves that the polysaccharide is of the branched-chain type and that half the 
galactose residues are terminal groupings. Unfortunately, the exact ratios of 2 : 4 : 6-trimethyl 
^-galactose and 3 : 4-dimethyl df-mannose could not be accurately determined in these experi- 
ments since some of the intermediate fractions which had not been fully examined were lost 
by enemy action. Nevertheless, an inspection of the methoxyl figures indicates that the 
relative molecular proportions of 2:3:4: 6-tetramethyl methyl-(i-galactoside, trimethyl 
mcthylhexoside, and dimethyl methylhexoside are 1:1:1. At least one-third of the dimethyl 
methylhexoside is known to be 3 : 4-dimethyl methylmannoside, and at least one-third of the 
trimethyl methylhexoside is 2 ; 4 : 6-trimethyl methylgalactoside. A further investigation 
will be necessary in order to determine whether or not other sugars are present amongst the 
products of hydrolysis. In the meantime it is clear that half the galactose residues are attached 
in the form Gal . . . and therefore are end groups. Another set of galactose residues is present 
in the form . . 3Gal . ., linked through positions 1 and 3, and at least one-third of the 

mannose residues occur as . . ^ linked through positions 1, 2, and 6. 

It will l)e observed that the 1 : 3 galactose linkage so common in polysaccharides containing 
galactose, and the 1 : 6 and 1 : 2 mannose linkages occurring in damson gum, cherry gum 
(Hirst, 1942, 70), and yeast mannan (Haworth, Hirst, and Isherwood, 1937, 784 ; Haworth, 
Hart, and Peat, J., 1941, 833), also occur in this galactomannan. 

Experimental. 

(All temperatures recorded for distillatiotis are bath temperatures). 

Lucerne seeds (600 g.) were finely ground and heated at 100® for 8 hours, with continuous stirring, 
with 10% potassium hydroxide solution (4 1.) until a jelly-like mass was formed and no more ammonm 
was evolved. The alkaline solution was then poured with stirring into alcohol (8 L), and the dark 
solid which separated was washed with alcohol by decantation and filtered off. The precipitate was 
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purified by reprecipitation from water with alcohol. Insoluble cell- wall material was then removed 
heating the solid with potassium hydroxide solution (4 1.) for 3 hours, cooling, and centrifuging. The 
insoluble residues were extracted repeatedly until the extracts gave no precipitate on addition of alcohol. 
The combined extracts were then poured into alcohol (4 vols.) and the precipitate was filtered off and 
further purified by reprecipitation from acidified aqueous solution (hydrochloric acid) with alcohol. 

Traces of starch were removed from the polysaccharide by the action of " taka-diastase (0*05%) 
at 37° for 12 hours. Further purification was achieved by precipitation of the copper complex by the 
addition of copper sulphate solution to a hot alkaline solution of the crude polysaccharide until no 
further material was precipitated. The copper complex was washed well with hot water and filtered 
off. The complex was decomposed by grinding it with alcohol containing hydrochloric acid, and the 
regenerated polysaccharide was ground and washed with alcoliol until free from copper and chloride 
ions. Finally, the product was purified by dissolving it in water and precipitating it from the aqueous 
solution with alcohol, and dried in vacuum. Yield, 10 g. of a white powder, which dissolved in water 
to form viscous non-reducing solutions; [a]ff“ -f 89° (Found: furfuraldehyde, 2; uronic acid, nil; 
N, nil; mannose, determined as the phenylhydrazone after hydrolysis with N-sulphuric acid at 95° 
for 21 hours, 29*6; galactose, determined as the phenylmethylhydrazone after the same treatment, 
58% ; equiv. by titration with 0-lN-sodium hydroxide, 4540). 

Methylation of the Polysaccharide. — The pure polysaccharide (25 g.) was dissolved in water (300 c.c.) 
and 30% sodium hydroxide (400 c.c.), and methylated with methyl sulphate (200 c.c.) added in portions 
(30 c.c.) at 20 minute intervals. The methylation was carried out in an atmo.sphere of nitrogen and 
with the usual precautions. After 24 hours the cooled solution was partly neutralised with dilute 
sulphuric acid and concentrated under reduced pressure. The residue was then ro-methylated using 
the conditions described above. Two repetitions of this process gave a crude methylated product 
(isolated in the usual manner) which was freed from sodium sulphate and othc^r salts by dialysis. Yield, 
15-5 g. (Found : OMe, 34-0%). To complete the methylation the product was dis.solvcd in ethyl 
alcohol (100 c.c.) and benzene (100 c.c.), and a solution of thallium cthoxide (I*7n, 100 c.c.) in benzene 
added. Solvent was removed under reduced pressure and the residual solid finely powdered (150 mesh) 
and boiled under reflux with methyl iodide (150 c.c.) for 30 hours. Excess of methyl iodide was boihxl 
off and the residual solid extracted exhaustively with acetone. Concentration of the extracts gave a 
residue of partially methylated galactomannan (15 g.) (Found : OMo, 36*2%). This methylation 
process with thallium ethoxide and methyl iodide was repeated (see above), and the isolated product 
(13 g.) methylated with silver oxide (10 g.) and methyl iodide (30 c.c.). Repetition of this process 
gave a product (13 g.) (Found : OMe, 43-5%) isolated in the usual manner. 

Fractionation of the Methylated Polysaccharide. — The methylated polysaccharide (10*1 g.) was frac- 
tionally precipitated from chloroform by the addition of light petroleum (b. p. 40 — 60°) giving : 
Fraction I (2-1 g.), a white solid, [a]*!?’ + 72° {c, 1*0 in chloroform) (Found : OMe, 43*4%; furfural- 
dehyde, nil) ; Fraction II (6-0 g.), a white solid, [a]??’ -f 71° (c, M in chloroform) (Found : OMe, 43*2% ; 
furfuraldehyde, nil) ; Fraction IH (0*9 g.), a white .solid, -f 69° (c, 0*9 in chloroform) (Found : OMe, 
44*1%; furfuraldehyde, nil) ; Fraction IV (1-0 g.), a sticky solid. 

Hydrolysis of the Methylated Polysaccharide. — Hydrolysis of the methylated material was difficult 
as the product was relatively stable to boiling methyl-alcoholic hydrogen chloride and to hot n -hydro- 
chloric acid. The following procedure was eventually adopted as the most satisfactory technique. 
The methylated polysaccharide (7*3 g.. Fractions I and II) was dissolved in a mixture of glacial acetic 
acid (50 c.c.), water (25 c.c.), and concentrated hydrochloric acid (25 c.c.), and heated at 100° for 6 hours. 
Changes in optical rotation were not observable, but preliminary experiments had shown that the 
hydrolysis was complete at the end of this time. Barium carbonate was added to the cooled solution 
until a test portion of the solution gave a grey and not a blue colour to Congo-red paper. The .solution 
was then filtered and evaporated to dryness under reduced pressure. The solid residue was then 
extracted with chloroform, and the extracts were concentrated and boiled with methyl-alcoholic 
hydrogen chloride (3% w/v) for 12 hours. The cooled solution was then neutralised with silver carbonate 
and filtered, and the filtrate was concentrated under reduced pressure at 40° to a syrup (6-4 g.) which 
was fractionally distilled in a vacuum giving : Fraction i (0’86 g.), b. p. 90°/0*001 mm., 1*4539 
(Found : OMe, 59*5%) ; Fraction ii (0*72 g.), b. p. 108°/0*0ul mm., 1*4522 (Found ; OMe, 61*9%) ; 
Fraction iii (0*53 g.), b. p. 110°/0*001 mm., 1*4542 (Found : OMe, 60*0%); Fraction iv (0*57 g.) 
b. p. 120°/0*01 mm., 1*4560 (Found : OMe, 53*8%); Fraction v (1*40 g.), b. p. 130°/0'001 mm., 

1*4601 (Found : OMe, 48*8%) ; Fraction vi (1*32 g.), b. p. 160/0*001 mm., wg 1*4680 (Found : OMe, 
41*8%) ; Fraction vii (0*57 g.), b. p. 170°/0*01 mm., 1*4780 (Found: OMe, 41*9%) ; residue, 0*43 g. 

Hydrolysis of the Fractions. — The first three fractions having very similar methoxyl values were 
combined (2*1 g.) and hydrolysed by heating with 2N-hydrochloric acid at 95° for 3 hours ; (initial 

value not observable), 71° (2 hours) ; 105° (3 hours, constant value). The solution was cooled, 

neutralised with barium carbonate, and filtered, the filtrate concentrated under reduced pressure, and 
the residue exhaustively extracted with chloroform. Concentration of the extracts gave a syrup 
(T9 g.) which was at least 94% 2:3:4: 6-tetramethyl d-galactose; [a]|f“ -f- 109° (in water) (Found : 
OMe, 52*2, Calc, for CioH^oO* : OMe, 51*8%). The sugar (0*32 g.), on being heated under reflux with 
aniline (0*1 c.c.) dissolved in alcohol (3 c.c.) for 2\ hours, gave 2:3:4: 6-tetramethyl if-galactose anilide 
(0*34 g.), m. p. 189°, not depressed on admixture with an authentic sample. Fraction iv (0*56 g.) 
was hydrolysed by boiling with 2N-hydrochloric acid (25 c.c.) for 3 hours ; [a]2*’ -f 56° (2 hours) ; 70° 

(3 hours, constant value). The sugar (0*6 g.) was isolated as described above; [o]??* -f- 70° (c, 1*0 in 
water) (Found : OMe, 40*0. Calc, for C^HigO* : OMe, 41*8%). On standing, the syrup partly crystal- 
lised. The crystals were separated by trituration with ether and had m. p. 105°, not depressed on 
admixture with an authentic specimen of 2 : 4 : 6-trimethyl d-galactose. The syrup (0*4 g.) on boiling 
with aniline (0*3 g.) in ethyl alcohol (2 c.c,) for 2| hours gave the anilide of 2 : 4 : 6-trimethyl <f-galactose 
(0*6 g.), m. p. 179°, not depressed on admixture with an authentic specimen. At the most only traces 
of 2 : 3 : 6-trimethyl ^f*galacto3e could be present in the syrup, as on standing with cold 5% methyl - 
alcoholic hydrogen chloride no downward change of rotation was obser\^able; [ajp -f- 41° (initial 
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value) ; -f 49^ (3 hour^ ; 4- (6 hours). Fraction vii (0*67 g.) was hydrolysed with boiling 2n* 

hydrochloric acid; [tt]§* -f 31® (initial value); 0® (3 hours, constant value}. The solution was 
cooled and neutraltsea with barium carbonate, and the hltrate was evaporated to dryness. The syrup 
(0*5 g.), isolated in the usual manner, did not crystallise. The absence of any derivative of mannose 
or gsdactose with a hydroxyl group on C4 was indicated by the fact that the syiup (0*03 g.) in methyl- 
alcoholic hydrogen chloride (6 c.c. ; 5%) showed no change of rotation (-f 10®) in 7 days. The syrup 
(0*2 g.) was oxidised with bromine water at 45® until non-reducing (7 hours). The cooled solution was 
neutralised with silver carbonate and filtered, and silver ions were removed with hydrogen sulphide. 
The filtered solution was concentrated to a S5mip (0*16 g.) which did not crystallise. Accordingly, 
the material was dissolved in liquid ammonia and excess of ammonia allowed to evaporate. The 
residue crystallised, and by trituration with acetone 3 : 4-dimethyl d-mannonamide, m. p. 139®, not 
depressed on admixture with an authentic specimen, was isolated. The amide gave a strong positive 
test for an a-hydroxy-amide by the method of Weerman. 

A complete examination of Fractions v and vi was not possible since these fractions were lost by 
enemy action. They obviously contained some 2:4: 6-trimethyl £f-galactose and 3 : 4-dimethyl 
d-mannose, but at this stage the presence of other galactose and mannose derivatives cannot be 
excluded. 

We wish to thank Mr. L. J. Breddy for assistance in the preparation of the galactomanhan. 

The University, Bristol. 

The University, Manchester. [Received, January 1th, 1947.] 


273 . Preparation and Properties of Allyl Phosphines, Arsines, and 

Stannanes. 

By W. J. Jones, W. C. Davies, S. T. Bowden, C. Edwards, V. E. Davis, and L. H. Thomas. 

Phosphines, arsines, and stannanes containing allyl and methylallyl groups have been 
produced by means of the Grignard reaction, their physical properties have been examined, 
and characteristic derivatives have been prepared. 

No phosphine containing either an allyl or a methylallyl group has hitherto been prepared, 
though Hofmann (Phil, Trans,, 1860, 150, 412) records that he experimented unsuccessfully 
on the effect of heating phosphorus, zinc, and allyl iodide together in a sealed tube, but phenyl- 
/>-tolylmethylallylphosphonium iodide has been obtained by Pope and Gibson (/., 1912, 101, 
737; also Radcliffe and Brindley, J. Soc. Chem. Ind., 1923, 42, 66) by the combination of 
phenyl-^-tolylmethylphosphine with allyl iodide, and trisdiphenylylallylphosphonium bromide 
by Worral (J. Amer. Chem. Soc., 1930, 52, 2936) by the union of trisdiphenylylphosphine and 
allyl bromide. Such phosphines have now been prepared by the Grignard method, triallyU 
phosphine and phenyl-, ^p-iolyl-, ^-xylyU, ip-ethyiphenyl-, ^-isopropylphenyl-, ^-methoxy phenyl-, 
^-phenoxyphenyl-, and ip-hromophenyMiallylphosphine from allylmagnesium bromide, and 
iri-^-meihylallylphosphine and phenyl-, j^-tolyl-, ^-xylyl-, ^-ethylphenyl- , ^-v&opropylphenyl-, 
p-methoxyphenyl-, and y-bromophenyl-di-^-methylallylphosphine from p-methylallylmagnesium 
bromide. 

Triallylarsine has been obtained by Gryszkiewicz-Trochimowski and Zambrzycki (Rocz. 
Chem., 1926, 6, 794). Phenyldiallylarsine has now been prepared from allylmagnesium bromide, 
and iri-^-methylallylarsine and phenyldi-^-meihylallylarsine from p-methylallylmagnesium 
bromide. 

Tetra-allyltin has been described by Vijayraghavan (J. Indian Chem.. Soc., 1945, 22, 119), 
and allylstannonic acid and allylpentachlorostannic acid by Lesbre and Glotz (Compt, rend., 
1934, 198, 1427). Triethylallyltin, diethyldiallyltin, tri-n-hutylallyltin and di-n-hutyldiallyltin 
have been prepared iit the present work from allylmagnesium bromide. 

In order to secure good yields, it has been found necessary to employ the Grignard reagent 
in excess over the chlorophosphine, chloroarsine, or chlorostannane, to exclude air rigorously 
during the preparation, and to distil the product under low pressure. In the reaction, diallyl, 
b. p. 59*5®, or di-p-methylallyl, b. p. 113°, is formed as by-product through the coupling action 
of the Grignard reagent, but the hydrocarbon is easily separated, after the ether, by distillation 
from the phosphine, arsine, or stannane. 

The allylphosphines rapidly oxidise in contact with air. They combine with mercuric 
chloride to give raercurichlorides of the general formula PR3,HgCl2, with benzoquinone to pro- 
duce pale yellow addition compounds PR3,CeH402, with carbon disulphide to yield either 
intensely red compounds PR3,CS3 or red colorations in solution, and with methyl iodide to 
give the methylphosphonium iodides. These methiodides combine with mercuric iodide to 
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form yellow complex mercuri-iodides PR^I^Hglg, and with cadmium iodide to give cadmi- 
iodides (PR 4 l) 2 ,Cdl 2 . The allylarsines closely resemble the phosphines chemically, and the 
allylstannanes also are rapidly attacked by air. 

In the absence of air, the allyl-phosphines, -arsines, and -stannanes are thermally stable, 
being unaffected even on being kept at 260® for an hour. A comparison of the b. p./60 mm. 
with that of the corresponding ti-alkyl compound is made in the following table, from which 
it will be seen that the difference is slight. 


Phosphine. 

B. p./50 mm. 

Phosphine. 

B. p./60 mm. 

Triallyl 

98° 

Tri-«-propyl 

103° 

Phenyldiallyl 

160 

Phenyldi-n-propyl 

159 

-^-TolylHiflllyl ^ 

171 

j^-Tolyldi-M-propyl 

174 

/»-Xylyldiallyl 

179 

^-Xylyldi-«-propyl 

180 

^-Ethylphenyldiallyl 

188 

/>-Ethvlphenvldi-w-propvl 

181 

Tri-/3-methylallyl 

142 

Tri-«-butyl 

149 

Phenyldi-j8-methylallyl 

184 

Phenyldi-«“butyl 

185 

/>-Tolyldi-)5-methylallyl 

190 

^-Tolyldi-«-butyl 

197 

/)-Xylyldi-j3-methylallyl 

200 

/>-Xylyldi-«-butjd 

204 

p-Ethylphenyldi-j3-methylallyl . 

205 

^-EthyIphenyldi-«-butyl . . . . . 

209 

Arsine. 


Arsine. 


Triallyl 

111 

Tri-«-propyl 

110 

Phenyldiallyl 

171 

Phenyldi-«-propyl 

165 

Tri-)3-methylallyl 

143 

Tri-n-butyl 

165 

Phenyldi-)3-methylallyl 

189 

Phenyldi*«-butyl 

193 

Stannane. 


Stannane. 


Triethylallyl 

112 

Triethyl-«“propyl 

112 


As is shown in the next table, the average difference between the molecular volumes (in 
c.c.) of an aryldiallylphosphine and its corresponding aryldi-p-methylallylphosphine at 25® 
is 34-0 c.c., compared with 33*0 c.c. for two CH, groups in the higher trialkylphosphines (Jack- 
son, Davies, and Jones, 1931, 2109). 

Phosphine. Diallyl. Di-^>methylallyl. Diff. 


Phenyl 196-2 230-2 34-0 

^-Tolyl 211-5 246-5 35-0 

p-Xy\yl 227-6 262-0 34-4 

/?-Ethylphenyl 230-0 263-2 33-2 

^-isoPropylphenyl 248-0 280-6 32-6 

^-Methoxyphenyl 216-2 249-6 33-4 

^-Bromophenyl 210-6 245-8 35-2 


The Lorenz-Lorentz molecular refractivities, {n^ — l)Mj[n^ -j- 2)d, of the allyl phosphines 
for sodium D light are given in the following table. The calculated values have been obtained 
by means of the constants given by Kisenlohr (Z. physikal. Chem., 1910, 75, 606), together 
with those given for phosphorus by Jones, Davies, and Dyke (/. Physical Chem., 1933, 87, 
594). 

[MzId. [MxJd. 


Diallylphosphine. 

Found. 

Calc. 

Di-j5-methylallylphosphinc. 

Found. 

Calc. 

Phenyl 

.. 64-08 

63-99 

Phenyl 

73-16 

73-23 

^-Tolyl 

.. 68-25 

68-99 

/>-ToIyl 

78-11 

78-24 

p-Xylyl 

.. 72-96 

73-35 

/>-Xylyl 

82-84 

82-58 

/>-Ethylphenyl 

.. 73-78 

73-82 

/>-Ethylphenyl 

83-03 

83-05 

p-tsoPropylphenyl 

.. 78-24 

78-44 

p-isoPropylphenyl 

87-36 

87-67 

/>-Methoxyphenyl 

.. 70-97 

70-83 

/)-Methoxyphenyl 

79-65 

80-07 

j!>-Phenoxyphenyl 

.. 89-47 

89-76 

/>-Bromophenyl 

81-23 

80-99 


The phosphines, arsines, and stannanes are freely soluble in ether, alcohol, benzene, or 
carbon tetrachloride, but not in water. The molecular weights, M, of the phosphines ha\'e 
been determined by the cryoscopic method in benzene solution, and found to be normal. 


Experimental. 

Preparation of the Phosphines . — The necessary dichlorophosphines, phenyl b. p. 221 — 222®, />-tolyI 
b. p. 100°/ 12 mm., p-xylyl b. p. 133°/ 16 mm., />-ethylphenyl b. p. 133°/18 mm., /^-wopropylphenyl 
b. p. 132 — 134°/14 mm., ^-methoxyphenyl b. p. 163°/21 mm., /)-phenoxyphenyl b. p. 200°/12 mm., 
and j^-bromophenyl b. p. 136— 136°/14 mm., were prepared by the method of Michaelis (Ber,, 1879, 
12 , 1009; Annalen, 1896, 288 , 223) and isolated either by the distillation method of Griittner and 
Wiernik (Ber., 1916, 48 , 1476) or by the extraction method of Davies (/., 1935, 463). Allyl bromide. 
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b. p. 70 — 71®, was prepared as described in Org. I, 24. To prepare jS-methylallyl bromide, {phos- 

phorus tribromide (45 c.c.) was added dropwise with exclusion ol moisture during 5 hours with periodic 
shaking to dried (CaO), freshly-distilled )5-methylallyl alcohol (118 c.c.) in dried (KOH), freshly-distilled 
pyridine (32 c.c.) cooled with ice-salt : the reaction mixture was filtered, and the filtrate on distillation 
gave 8-methylallyl bromide, b. p. 94 — 95® (85 g.). Both bromides after drying (P^Oii, or CaClj,) were 
used immediately, after a fresh distillation, for the preparation of the phosphines. 

To li mols. (36*5 g.) of finely divided magnesium a granule of iodine and 100 c.c. of absolute ether, 
contained in a dried round-bottom flask fitted with a mechanical stirrer, dropping funnel, reflux con- 
denser. siphon tube, and a gas-inlet tube, through which dry hydrogen was passed, there was added, 
dropwise in the course of about 2 hours so as to maintain a gentle boiling, i mol. of allyl bromide 
(42 c.c.) or of jS-methylallyl bromide (51 c.c.) in 285 c.c. of ether (Gilman and McGlumphy, BuU. Soc. 
chim,, 1928, 43, 1322). After an hour's standing, the Grignard solution was siphoned quickly through 
a glass-wool filter into a second round-bottom flask provided with similar fittings to the first, and, 
with continuous stirring, passage of hydrogen and external cooling with ice, thereto was added gradually 
in ether (100 c.c.) 1/12 mol. of phosphorus trichloride (71 c.c.) or 1/8 mol. of the aryldichlorophosphine 
[phenyl (17 c-c.), /?-tolyl (19 c.c.), ^-xylyl (21 c.c.), />-etliy!phenyl (21 c.c.). ^-isopropylphenyl (22 c.C;*); 
/>-methoxyphenyl (20 c.c.), /?-phenoxyphenyl (24 c.c.), or ^-bromophenyl (19 c.c.)]. After the addition, 
the mixture was boiled for i hour, again cooled to 0°, and then ammonium chloride (50 g.) in water 
(250 c.c.) was added gradually through the dropping-funnel until all the precipitated magnesium salts 
had dissolved. The resulting mixture was siphoned under carbon dioxide into a separating funnel, 
and the ether layer was dried (Na2S04) in a stoppered bottle. The dried solution was distilled in carbon 
dioxide to remove ether and diallyl or di-)5-methylallyl, and the residual phosphine was redistilled in 
carbon dioxide under low pressure and preserved in sealed gla.ss tubes. All subsequent manipulations 
of the phosphine were carried out under carbon dioxide. 

Triallylphosphine. — This compound was prepared from allylmagnesium bromide and phosphorus 
trichloride ; the liquid (4 g.) had b. p. 69°/13 mm. (Found : C, 70T ; H, 10-0 ; P, 19-7. C^HigP requires 
C, 70-1; H, 9-8; P, 20- i%). Mercuric chloride added to the phosphine in alcohol precipitated the 
meycuHchlovidc, rhomboids, m. p. 135® (Found: Cl, 16-9; P, 7*2. C9Hi5P,HgCla requires Cl, 16*7; 
P, 7-3%). This and all the succeeding inercurichlorides, mercuri-iodides and cadmi-iodides were 
repeatedly recrystallised to constant m. p. from alcohol, except where another solvent is stated. 

The phosphine (1 c.c.) in alcohol (20 c.c.) mixed with ^-benzoquinone (0*4 g.) in alcohol (20 c.c.) 
produced a red coloration, and after standing, the addition of ether precipitated pale-yellow stellate 
crystals of iriallyiphosphine-p-benzoquinone, which darkened at 100° and became black at 130° (Found ; 
C, 69*1; H, 7*5. CuHinOgP requires C, 68-7; H, 7*3%). Excess of carbon disulphide added to the 
phosphine (2 c.c.) in alcohol (5 c.c.) gave a dark red coloration, and on cooling to 0° triallylphosphine- 
carbondisulphide separated as red needles, m. p. 32*5°, unstable in the air (Found : C, 51*7 ; H, 6*9. 
C40H15PS2 requires C, 62*1 ; H, 6*6%). Mixed in the absence of air, the phosphine and methyl iodide 
in ether immediately gave a precipitate of methyltriallylphosphonium iodide, pearly flakes from alcohol- 
ether (Found : I, 42*7. CioH,fiPf requires I, 42*9%) . 

Phenyldiallylphosphine. — ^This compound (8 g.) was obtained by the interaction of allylmagnesium 
bromide and phenyldichlorophosphine and had h. p. 127°/14 mm., fQr 0*9693, «!>’ 1*5670 (Found : 
C, 75*5; H, 8*1. CijHj^P requires C, 75*7; H, 8*0%). It formed the mercurichloride, needles^ m. p. 
123° (Found : Cl. 15*6. Ci2Hi5P,HgCl8 requires Cl, 15*4%). 

p-Tolyldiallylphosphine, — The phosphine (7 g.) w^as produced from allylmagnesium bromide and 
/)-tolyldichlorophosphme and had b. p. 138°/14 mm., 0*9651, 1*5545 (Found : C, 75*9; H, 8*9. 

CiaHi^P requires C, 76*4; H, 8*4%). It yielded the mercurichloride, elongated prisms, m. p. 110*5° 
(Found : Cl, 14*9. CisHi,P,HgCl2 requires Cl, 14*9%). 

p~Xylyldiallylphosphine. — The interaction of the allyl Grignard reagent and ^-xylyldichlorophos- 
phine gave phosphine (16 g.), which had b. p. 144°/13 mm., 0*9584, wf?* 1*5640 (Found : C, 76*6; 
H, 8-8; P, 14*0; M, 223. Ci^H^P requires C, 77*0; H, 8*8; P, 14*2% ; M, 218). The mercuri- 
chloride crystallised in rhomboids, m. p. 170° (Found: Cl, 14*9; P, 6*3. Ci4HijP,HgCl2 requires Cl, 

14*5; P, 6*3%). 

p-Ethylphenyldiallylphosphine. — Obtained from allylmagnesium bromide and />-ethylphenyldichloro- 
phosphine, the phosphine (16 g.) had b. p. 145°/10 mm., 0*9484, 1*5545 (Found : C, 76*7; H. 

9*0. Ci 4 Hi,P requires C, 77*0 ; H, 8*8%). 

p-isoPropylphenyldiallylphosphine. — This compound (16 g.) was prepared from allylmagnesium 
bromide and /)-i5opropylphenyldichloropliosphine and had b. p. 153°/11 mm., 0*9361, Wp 1*5435 
(Found : C, 77*6; H, 9*1;. M, 242. CijHjiP requires C, 77*6; H, 9*1%; M, 232). It yielded the 

mercurichloride, m. p. 47°, from glacial acetic acid (Found ; Cl, 14*6. Ci5Ha,P,IlgCl2 requires Cl, 
14*1%). 

p-JSd ethoxy phenyldiallylphosphine. — This phosphine (12 g.), produced from allylmagnesium bromide 
and />-methoxyi)hcnyldichlorophosphine, had b. p. 162°/ 15 mm., 1*0189, 1*6705 (Found : C, 

70*6; H, 8*1. C18H17OP requires C, 70*9; H, 7*8%). Its mercurichloride separated in prisms, m. p. 
131° (Found : Cl, 14*8. Ci3H,70P,HgCl2 requires Cl, 14*4%). 

p-Phenoxyphenyldiallylphosphine. — Obtained by the action of the allyl Grignard reagent on 
h-phenoxyphenyldichlorophosphine, this phosphine (12 g.) had b. p. 238°/15 mm., 1*0847, wff* 

1*6040 (Found: C, 76*2; H, 7*1; P, 10*9; M, 278. C„H„OP requires C, 76*6; H, 6*8; P, 11*0%; 
M, 282). The mercurichloride, difliciiltly soluble in alcohol and ether, became black at 210° (Found : 
Cl, 13*2. Ci8H„OP,HgCla requires Cl. 12*8%). 

p-Bromophenyldiallylphosphine. — The allyl Grignard reagent and ^-bromophenyldichlorophosphine 
gave the phosphine (15 g.), b. p, 186°/37 mm., (fJH* 1*2783 (Found : C, 53*1 ; H, 6*5; P, 11*4; Af, 272. 
C,gHi4BrP requires C, 63*6; H, 5*2; P, 11*6%; M, 269). The mercurichloride crystallised in needles, 
m. p. 108° (Found : P, 6*7. CjtHj4BrP,HgCl2 requires P, 6*7%). 

Tri-p-methylallyiphosphine. — ^This tertiary phosphine (6 g.) was prepared through the interaction of 
j3-methylallylmagnesium bromide and phosphorus trichloride and had b. p. 112°/15 mm. (Found : 
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C, 73-1 : H, 11-0; P, lS-4: M, 193. C„H,iP requires C, 73-4; H, 10-8; P, 16'8% ; M. 196). It 
immediately oxidised in the air to form ^e oxide, needleSi m. p. 132®, from ether (Found : C, 37*6; 
H, 1(1*2. CiaHjiOP requires C, 67-9 ; H, 10*0%) ; the same compound was also produced from ]8-methyl* 
allylmagnesium bromide and phosphorus oxychloride. In the absence of air the phosphine and mer- 
curic chloride in alcohol gave tri-p-metkylallylpkosphine mercurichloride, rhombic plates, m. p. 162" 
(Found : Cl, 16*2. CigHgiP.HgCl. requires Cl, 16*2%). MethyUri-fi-methylallylphosphonium iodide, 
from its components in ether, formed needles, m. p. 161®, from alcohol-ether (Found : I, 37*4. CjjH^PI 
requires I, 37*6%). Tri-p-methylallylphosphine-i^-henzoquinone, precipitated by ether from mixed 
alcoholic solutions of its components, formed pale lemon-yellow stellate crystals, which darkened in 
the air or on heating, becoming black at 200® (Found : C, 70-8; H, 8‘5. CigHagOgP requires C, 71*0; 
H, 8-30/^). 

Phenyldi‘^-methylallylphosphine, — The compound (15 g.) was obtained from the Grignard reagent 
and phenyldichlorophosphine, and had b. p. 148®/13 mm., dj?* 0*9484, 1*6486 (Found : C, 76*8; 

H, 9*0; P, 14*2; M, 223. Ci^H^P requires C. 77*0; H, 8*8; P, 14 2%; M, 218). It gave the 
mercurichloride, rectangular plates, m. p. 140*6® (Found : Cl, 14*7. Ci4Hi9P,HgCIa requires Cl, 14*6%). 
Phenylmethyldi-B-meihylallylphosphonium iodide separated in needles, m. p. 188® (decomp.), from 
alcohol-ether (Found : I, 34*9. CiftHgaPI requires I, 36*2%). On mixing hot alcoholic solutions of 
mercuric iodide and excess of the methiodide, phenylmethyldi-P~methylallylphosphonium mercuri-iodide 
crystallised out on cooling as lemon-coloured needles, m. p. 133® (Found: I, 47*0; Hg, 24*6. 
Ci5HajPI,Hgl2 requires I, 46*7; Hg, 24*6%). Similarly, cadmium iodide and the methiodide gave 
the cadmi-iodide, needles, m. p. 114® [Found: I, 467; Cd, 10*5. (Ci5H22PI)2.Cdl2 requires I, 46*7; 
Cd, 10*3%]. Addition of excess of bromine to the phosphine in ether gave a precipitate, which, on 
solution in hot alcohol and treatment with water until turbidity appeared, yielded phenyldi-{^y~dihromo- 
P~methylpropyl)phosphine oxide, needles, m. p. 105°, from aqueous alcohol (Found : Br, 57*6. Ci4Hj20Br4p 


requires Br, 67*7%). 

p-Tolyldi-P-methylallylphosphine. — Prepared from the ]3-methylallyl Grignard reagent and />-tolyl. 
dichlorophosphine, the phosphine (11 g.) had b. p. 168°/23 mm., 0*9426, 1*5465 (Found : C, 

77*4; if 9*3; P, 13*3; M, 228. CigHajP requires C, 77*5; H. 9*1; P, 13*4%; M, 232). It gave 
the mercurichloride, cubes, m p. 164° (Found : Cl, 14*2. CiBH2iP,HgCla requires Cl, 14*1%). -p-l'olyl^ 
methyldi-p-methylallylphosphonium iodide crystallised in needles, m. p. 94°, from alcohol-ether (Found : 

l, 33*8. Ci4Ha4PI requires I, 33*9%) and yielded \f4olylmethyldi-^-methylallylphosphonium mercuri- 
iodide, pale-yellow prisms, m. p. 79° (Found: 1, 46*1; Hg, 24*1. Ci8H24pI*Hgl2 requires I, 45*9; 
Hg, 24*2%). 

■p-Xylyldi-^-methylaUylphosphine. — The phosphine (12 g.) was obtained from jS-methylallylmagnesium 
bromide and /^-xylyldichlorophosphine ; it had b. p. 1&®/16 mm., ^^4?“ 0*9402, 1*6450 (Found : 

C, 77*8; H, 9*4; P, 12*3. Cj^HaaP requires C, 78*0; H, 9*4; P, 12*6%). The separated 

in prisms, m, p. 201 — 202® (Found : Cl, 13*7. CijHaaPtHgClg requires Cl, 13*7%). ^-Xylylmethyldi- 
P-methylallylphosphonium iodide crystallised in prisms, m. p. 161°, from alcohol-ether (Found : I, 
32*6. C17H24PI requires I, 32*7%). It gave with mercuric iodide in alcohol the mercuri4odide, pale 
yellow rhombic plates, m. p. 71® (Found: I, 45*5; Hg, 2.3*6. CijHggPCHgla requires I, 46*2; Hg, 
23*8%), and with cadmium iodide, the cadmi-iodide, needles, m. p. 169° [Found: I, 44*0; Cd, 10*2. 
(Ci7Ha«PI)2,Cdla requires I, 44*4; Cd, 9*8%]. 

'p-Ethylphenyldi-p-methylallylphosphine. — This compound (12 g.), ])reparcd from the Grignard reagent 
and /J-ethylphenyldichlorophosphine, had b. p. 178°/20 mm., d\T 0 9360, 1*5435 (Found : C, 77*7 ; 

H, 9*6; P, 12*4; M, 240. requires C, 78*0; H, 9*4; P, 12*6%; M, 246). The mercuri- 

chloride separated in prisms, m. p. 166° (Found : Cl, 14*1. CiBHa3p,HgCl2 requires Cl, 13*7%), 
p-Ethylphenylmethyldimethyl-p-allylphosphonium iodide, rectangular plates, m. p. 163°, from alcohol- 
ether (Found : I, 32*4. Cj^HgePI requires I, 32*7%), gave the mercuri-iodide, pale yellow needles, 

m. p. 82*6® (Found : I, 45*3; P, 23*6. Cj7H24PI,Hgl2 requires I, 45*2; P, 23*8%). 
p-isoPropylphenyldi-p-fneihylallylphosphine. — Interaction of the Grignard reagent and p-isopiopyl- 

phcnyldichloropho.sphine gave tha phosphine (14 g.), b. p. 182*5°/19 mm., rfjf 0*9279, 1*5350 (Found: 

C, 77*9; H, 9*8; P, 11*8; M, 263. Ci^RggP requires C 78*4; H, 9*7; P, 11*9%; M, 260). Its 
mercurichloride was obtained in needles, m. p. 163° (Found : Cl, 13*4. Ci7HaBp,HgCl2 requires Cl, 13*3%). 

p-M ethoxy phenyldi-p-methylallylphosphine. — ^^-Methoxyphenyldichlorophosphine and di-j3-methyl- 
allylmagnesium bromide reacted to give the phosphine (12 g.), b. p. 192®/20 mm., dj"* 0*9948, wff’ 1*6513 
(Found; C, 72*3; H, 8*7. CjgHaiOP requires C, 72*6; H, 8*6%). Its mercurichloride separated in 
cubes, m. p. 181® (Found ; Cl, 13*8. Ci5H2iOP,HgCl2 requires Cl, 13*6%). p-M ethoxy phenylmethyldi- 
p-meihylallylphosphonium iodide, needles, m. p. 134*6°, from water (Found : I, 32*3. C13H24OPI 
requires I, 32*6%) gave the mercuri-iodide, pale yellow prisms, m. p. 71“ (Found : I, 45*0; Hg, 23*7. 
Cn,H240PI,Hgl2 requires I, 45*1; Hg, 23*7%), and the cadnii-iodide, needles, m. p. 132® [Found : I, 
44*2; Cd, 10*1. (CieH240PI)2,Cdl2 requires I, 44*3; Cd, 9*8%]. 

p-Bromophenyldi-p-methylcUlylphosphine. — Obtained from di-j3-methylallylmagnesium bromide and 
^-bromophenyldichlorophosphine, phosphine (14 g.) had b. p. 189®/18 mm., 1*2094, wjjf" 1*5752 
(Found: C, 66*7; H, 6*3; P, 10*3; M, 293. Ci4Hi8BrP requires C, 56*6 ; H, 6*1; P, 10*4%; M, 297). 
The mercurichloride was obtained in cubes, m. p. 194° (Found : Cl, 12*4. Ci4Hi8BrP,HgCl2 requires 
Cl, 12*5%). p-Bromophenylmethyldi-^-methylallylphosphonium iodide, cubes, m. p. 174®, from alcohol- 
ether (Found : I, 28*8. CuHjiBrPI requires I, 28*9%), yielded the mercuri-iodide, pale yellow needles, 
m. p. 67® (Found : I, 42*8; Hg, 22*4. Ci5H2iBrPI,Hgl2 requires I, 42*6; Hg, 22*4%) and the cadmi- 
iodide, needles, m. p. 178® [Found: I, 40*8; Cd, 9*3. (CiBH2iBrPI)g,Cdl2 requires I, 40*8; Cd, 9*0%]. 
On adding bromine to the phosphine in ether until a brown colour persisted, there was deposited an oil 
which solidified on being kept in a vacuum ; on dissolving the solid in alcohol, adding water until 
turbidity developed, and allowing the mixture to stand, there formed crystals of p-brom.ophenyldi-(fiy- 
d%bYomo-ft-methylpropyl\phosphine oxide, needles, m. p. 152®, from alcohol (Found: C, 26*6; H, 2*9; 
Br. 63*2; non-nuclear Br. 61*3. Ci4Hi80Br5P requires C, 26*6; H, 2*9; Br, 63*1; non-nuclear Br. 
50*6o/o). 
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Preparation of the Arsines, — To the allyl or /^-methylallyl Grignard reagent, prepared as already 
describe, was added arsenic trichloride (6*8 c.c.) in ether (60 c.c.) or phenyldHodoarsine (61 g., obtained 
by the method of Steinkopf and Smie, Ber., 1026, 59, 1461) in ether (200 c.c.). The isolation and 
purification of the arsine were also effected by redistillation under low pressure in carbon dioxide. • 

Phenyldiallylafsine, — This arsine (9 g.) was prepared by the interaction of allylmagnesium bromide 
and phenyldi-iodoarsine ; it had b. p. 131®/10 mm. (Found; C, 61'3; H, 6-4; As, 31-3. CitHigAs 
requnres C, 61-6; H, 6*6; As, 32»0%). It formed the mercurichloride, needles, m. p. 120® (Found: 
Cl, 13-8. C„Hi8As,HgCla requires Cl, 14-0%), 

TfUfi-fnethylallylarsine. — The compound (6 g.), obtained from j3-methylallylmagnesium bromide and 
arsenic trichloride, had b. p. 114®/16 mm. (Found: C, 69*3; H, 8*7; As, 31*4. Ci2H,iAs requires C, 
60»0; H, 8*8; As, 31*2%). It yielded the mercurichloride, needles, m. p. 96 — 97® (decomp.), from 
glacial acetic acid (Found : Cl, 14*2. CijH-iAs.HgClj requires Cl, 13*9%), and methyltri p-methylallyl^ 
arsonium iodide, long rectangles, m. p. 129° (slight decomp.), from alcohol (Found : I, 33-0. C^HjiAsI 
requires I, 33*2%). 

Phenyldi-p~methylallylarsine. — Interaction of the j9«methylallyl Grignard reagent and phenyldi- 
iodoarsine gave the arsine (16 g.), b. p. 163®/13 mm., djr 1*1200 (Found : C, 63*7; H, 7*6; As, 28*7. 
C14H19AS requires C, 64*1; H, 7*3; As, 28*6%). It formed phenylmethyldi-^-methylallylarsonium 
iodide, needles, m. p. 163° (slight decomp.), from water (Found : I, 31*4. CisHgaAsI requires I, 31*4%), 

Preparation of the Stannanes. — Triethylchlorotin, b. p. 209 — 210°, and diethyldichlorotin, m. p. 84°, 
were obtained by the methods of Kocheshkov (/. Gen. Chem. Russia, 1934, 4 , 1369; 1936, 5 , 211). 
Tri-n-butylchlorotin' {4:0 g.) was prepared by heating (oil-bath) a mixture of tetra-n-butyltin (89 c.c.) 
and tin tetrachloride (4*6 c.c.) at 230° for 3 hours, and fractionating the product under low pressure ; 
it had b. p. 172°/26 mm. (Found : Cl, 11*1. CiaH27SnCl requires Cl, 10*9%). Di-n-buiyldichlorotin 
(20 g.) was obtained by heating a mixture of tetra-«-butyltin (16*5 c.c.) and tin tetrachloride (6*9 c.c.) 
for 3 hours at 240°, and recrystallising the product from light petroleum with cooling to — 20°; it 
formed plates, m. p. 40*6° (Found : Cl, 23*3. CgHigSnCl* requires Cl, 23*3%). 

The chlorotin in benzene, or ether was added to the allyl Grignard solution under hydrogen. After 
removal of the solvent and diallyl by distillation in carbon dioxide, the residue was dissolved in benzene 
(80 c.c.), the solution shaken with dilute sodium hydroxide solution to remove any traces of chloro- 
compound and then dried (CaClg), and the stannane isolated by distillation under low pressure in carbon 
dioxide. 

Triethylallyltin. — This compound (21 g.) was prepared from the allyl Grignard solution and triethyl- 
chlorotin (30 g.) in benzene (90 c.c.), and had b. p. 76 — 77°/10 mm. (Found: C, 43*9; H, 8*3; Sn, 
48*0. CgHgoSn requires C, 43*8: H, 8*1; Sn, 48*1%). 

Diethyldiallyltin. — Obtained by the action of the Grignard solution on diethyldichlorotin (16*8 g.) 
in benzene (60 c.c.), this compound (9 g.) had b. p. 99 — 100°/17 mm. (Found; C, 46*0; H, 7*7 ; Sn. 45*9. 
CioHjflSn requires C, 46*3; H, 7*8; Sn, 46*9%). 

Tri-n-butylallyliin. — The interaction of allylmagnesium bromide and tri-n-butylchlorotin (40 g.) 
in ether (120 c.c.) gave this compound as a liquid (30 g.), b. p. 156°/17 mm. (Found : C, 54*1 ; H, 9*8. 
CisHaaSii requires C, 54*4; H, 9*8%). 

Di-n-butyldiallyltin. — This compound (9*6 g.), prepared from the Grignard reagent and di-«-butyldi- 
chlorotin (19 g.) in ether (60 c.c.), had b. p. 145 — 146°/17 mm. (Found : C, 63*2; H, 9*1. CigHggSn 
requires C, 63*2; H, 9*0%). 

The following derivatives were also jjrepared. EthyltrichloroHn (6 g.) was obtained by refluxing 
tetraethyltin (7*9 c.c.) and tin tetrachloride (42 c.c.) for 24 hours and fractionating the product; it 
had b. p. 196 — 198° (Found : Cl, 42*3. CaH^SnCla requires Cl, 41*9%). After standing, a solution of 
16 g. of allylstannonic acid (Found : Sn, 62*4. Calc, for CgHgOgSn : Sn, 61*6%) in a mixture of 60 c.c. 
of hydrobromic acid {d 1*6) and 60 c.c. of water deposited 40 g. of allylpentabromostannic acid (Found : 
Br, 71*2. CgH^BrgSn requires Br, 71*2%) ; it separated in small, pale yellow cubes, soluble in water 
but not in organic solvents, and decomposed on heating. 

The physical measurements here recorded were carried out with standardised apparatus, and all 
relevant corrections were applied. The yields given are not of crude, but of fully purified substance. 
Combustions were carried out by using lead chromate-copper oxide mixtures, determinations of phos- 
phorus by the method of Davies and Davies (/., 1931, 12071, of arsenic by that of Lewis and Davis 
(/., 1939, 286), of tin by that of Gilman and King (/. Amer, Cnem. Soc., 1929, 51 , 1213), and of mercury, 
cadmium, and iodine in complex salts by the method of Mannheim {Annalen, 1906, 841 , 192). 

Tatem Laboratories, University College, Cardiff. {Received, January %th, 1947.] 


274. Bromination of Dimethoxystilbenes. 

By Felix Bergmann and Helene Japh4.. 

2 : 2'- and 3 : 3'-Dimethoxystilbene can be converted in a two-step process into symmetrical 
dibromodimethoxystilbenes. The 2 : 2'-compound is substituted in positions 5 and 6^. 

In a recent publication (Bergmann and Schapiro, /. Org, Chem., 1947, 12, 67) it was reported that 
2-methoxystilbene undergoes nuclear bromination with such ease that in place of the expected 
dibromide there was obtained 6-bromo-2-methoxystilbene dibromide. We have now extended 
this observation to symmetrical dimethoxystilbenes. 

Auwers {Ber., 1903, 86, 1888), using excess of bromine, converted 4 : 4'-*dimethoxystilbene 
into 3:6:3'; 6'-tetrabromo-4 : 4'-dimethoxystilbene dibromide. In this case, both positions 
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ortho to the methoxyl group are equiv’alent, whereas the para position is substituted by an 
olefinic chain. However, no disturbing effect is to be expected from this chain, as in all known 
cases the speed of addition of bromine to the central double bond of a stilbene is greater than 
that of nuclear substitution. The CHBr group is unlikely to exert any influence on this latter 
reaction, because Banco, Barber, and Woolman (/., 1943, 1) observed the complete inertness of 
stilbene dibromide towards bromination in the ring. Therefore we assumed that in 
2 : 2'-dimethoxystilbene dibromide the methoxy-groups would direct the attack of bromine 
exclusively. This was borne out hy experiment. 

After saturation of the double bond of 2 ; 2'-dimethoxystilbene by bromine, substitution 
proceeded slowly, and although exactly 3 mols. of bromine were added, the reaction product was 
a mixture which could not be separated. It was, therefore, treated directly with potassium 
iodide. The mixture of bromostilbenes, so obtained, could be separated by fractional 
crystallisation into two substances of m. p. 214° and 130°, severally, which upon addition of 1 
mol. of bromine yielded “ dibromides of m. p. 256° and 225° respectively. The compound of 
m. p. 214° is a dibromo-2 : 2'-dimethoxystilbene and was identified as the 5 : 5'-dibromo- 
derivative by direct comparison with an authentic specimen (Ashley and Harris, /., 1946, 5(57). 

The substance of m. p. 130° contains only one bromine atom. That it was 6~bromo-2 : 2'- 
dimethoxy stilbene was proved by its conv'ersion via its dibromide into 5 : 5'-dibromo-2 : 2'- 
dim ethoxy stilbene dibromide. The reason for the incomplete conversion of 2 : 2'-dimethoxy- 
stilbene into the latter is to be found in the low reaction velocity. The rnonobromo-dibromide 
is sparingly soluble in chloroform, and if the bromine solution is added slowly, this compound has 
time to ci:y'’stallise out, thus avoiding further bromination in the second ring. The preparation of 
the dibrominated bromide in nearly quantitative yield is, howex^r, achieved easily, if excess 
bromine is added at once to a very dilute chloroform solution of 2 : 2'-dimethoxystilbene This 
method thus presents a much easier route to 5 : 5'-dil)romo-2 : 2"-dimethoxystilbene than the 
procedure of Ashley and Harris {loc. cit.). 

3 : 3'-Dimethoxystilbene is converted smoothly into a dibromo-3 : 3'-dimethoxystilbene 
dibromide and hence into the corresponding stilbene ; by analogy, these are deemed to be the 

2 : 2'-dibromo-6 : 6' -dimethoxy -compounds, although we were unable to oxidise the stilbene to the 
expected 2-bro mo- 5-methoxy benzoic acid. 

Experimental. 

2 : 2'-Dimethoxy stilbene. — By the procedure of Baumann and P'romm {Ber., 1891, 24, 1441), the 
required o-methoxythiobenzaldehyde is obtained mainly as a tough syrup and crystallizes only partly. 
However, the syrupy mass gave as good a yield {ca. 30%) upon thermal decomposition as did the 
crystalline portion. The crude stilbene was purified by distillation, b. p. 180 — 190°/0-5 mm., and then 
crystallized quickly upon trituration with methanol. It formed clusters of needles from butanol and 
prisms from toluene; m. p. HO"'. 

Bromination. (1) The stilbene (0-7 g.) w'as dissolved in chloroform (6 c.c.), and bromine (1*4 g. ; 

3 mols.) in the same soh^ent (5 c.c.) was added dropwise during 5 mins. The first third was decolorised 
instantaneously, then the speed of reaction slackened, and after addition of the second third of bromine 
a precipitate appeared. Decolorisation of the last third of bromine was very slow and was completed 
by warming on a water-bath. After the evolution of hydrogen bromide had ceased, the solvent was 
evaporated and the residue treated with methanol; yield 1-3 g., m. p. 218 — 220". The product was 
not homogeneous, and crystallisation from xylene did not give a pure compound. It was, therefore, 
suspended in acetone (25 c.c.) and heated under reflux wdth sodium iodide (1 g.) for 3 hours. After 
evaporation of the solvent and addition of thiosulphate, a white substance was obtained. Upon 
recrystallisation from toluene, appeared first needles, then plates. They were separated by fractional 
crystallisation. The needles finally had ra. p. 214° (Found ; C, 48-4; H, 3-6. Calc, for CieHi 402 Br 8 : 
C, 48*2; H, 3*5%) and were identified (mixed m. p.) as 5 : 5'-dibromo-2 : 2'-dimethoxystilbene described 
by Ashley and Harris (loc. cit.). The plates, recrystallised from isopropanol and then from light 
petroleum (b. p. 80°), formed glistening, elongated plates, m. p. 130° (Found: C, 60-0; H, 4-7. 
CjgHjjOjBr requires C, 60*2; H, 4*7%), of the monobromostilbene. 

(2) 2 ; 2'-Dimethoxystilbene (0*8 g.) was treated with bromine (2 mols.) in chloroform solution, and 
the product triturated with light petroleum. The 5-bromo-dibromide (1*6 g.; 100%) crystallised from 
toluene in colourless parallelepipeds with cut-off ends, m. p. 225° (Found; C, 39*8; H, 3*2. 
CnHijOgBrs requires C, 40*1 ; H, 3*1%). It was identical with the compound formed by addition of 
bromine to the above monobromostilbene, into which it was converted by debromination wdth sodium 
iodide in acetone. 

When the monobromostilbene was dissolved in chloroform and treated at once with excess of bromine, 
the dibromo-dibromide, m. p. 244° (see below), resulted. 

(3) To 2 : 2'-dimethoxystilbene (6 g. ; 1 /40 mol.) in chloroform (50 c.c.) w'as added at once sl solution of 
excess of bromine (20 g. ; 6/40 mol.) in chloroform (60 cx.), and the solution left overnight. The crude 
product (13*6 g. ; 97%) had m. p. 244° and was difficult to recrystallise in greater amounts, because of 
decomposition. Small samples could be recrystallised from acetic anhydride, large volumes of xylene, 
or nitrobenzene. The products then showed different m. p.s; e.g., from xylene prisms of m. p. 246°, 
and from nitrobenzene of m. p. 266°. AU these samples of 6 : 5'-dibromo-2 : 2' -dimethoxy stilbene dibromide 
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Albert, Mills, and Royer ; 

showed identical analyses (Found : C, 34*2 H, 2*6. CieHx40«Br4 requires C, 34*4 ; H, 2*5%) and were 
quantitatively converted into the corresponding stdbene by debromination with sodium iodide or by the 
cuprous chloride-pyridine procedure of Bance et al. {loc, cit), 

3 : Z'-Dimethoxystilbene . — The desulphuration of #«-methoxythiobenraldehyde started at 200^^ and was 
completed by heating to 230° for 35 mins. The crude reaction product was mixed with an equal weight 
of copper^bronze and distilled in a vacuum; b. p. 180 — 182°/0*1 mm. The distillate crystallised 
spontaneously. From wopropanol it formed prismatic plates, m. p. 101°; yield 10%. 

Bromination. To the stilbene (1-3 g.) in chloroform (10 c.c.) was added dropwise a solution of 
bromine (2*6 g.) in chloroform (8-3 c.c.). When addition was complete, 2 : 2'-dibromo-6 : ^'•‘dimethoxy^ 
stilbene dibromide crystallised out. The solvent was evaporated, and the residue treated with ethanol ; 
yield 2*7 g. (90%). From acetic anhydride the substance crystallises in hexagonal plates, m. p. 236° 
(Found : C, 34-6; H, 2*5. Ci4Hi404Br4 requires C, 34*4; H, 2*5%). Debromination with potassium 
iodide in acetone, as above, gave a 90% yield of 2 : 2'-dibromo»5 : 6' ’-dimethoxy stilbene, which crystallised 
from toluene as prismatic rods, m. p. 154 — 155° (Found: C, 48*3; H, 3*7. Ci4Hi402Brj requires 
C, 48*2; H, 3*5%), 

The authors wish to thank Dr. J. N. Ashley, who carried out the comparison of 5 : 5'-dibromo- 
2 : 2'-dimethoxystilbene with an authentic specimen, prepared by him. 

Daniel Sieff Research Institute, [Received, January lOth, 1947.] 
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275 . Benzylamine Analogues of Chemotherapeutic Diamidines. 

By Adrien Albert, John A. Mills, and Richard Rover. 

To help trace the origins of the outstanding chemotherapeutic properties of aromatic 
diamidines ol type (I), the simpler bases of tjpe (II) were synthesised for the first time. 


The researches of Ewins and his colleagues (ci. A.shley, Barber, Ewiiis, Newbery, and Self, 
/., 1942, 103) established that aromatic diamidines of type (I), especially c, d, e, and/, have 
outstanding antiparasitic properties against protozoa. It is not known (i) whether the anti- 
protozoal activity of these substances is derived largely from their having two well-ionized 
and mutually independent basic groups held at a distance from one another, or (ii) whether such 
activity depends specifically on the amidine group which may conceivably function by assisting 
adsorption, through the resonance of its ion, or by interfering with a similarly constituted 
metabolite in the parasite. 




(I.) 




H.N-CH, 


(II.) 


(a) X absent: (6) X = CH,; (p) X - O; 

(d) X = 0-[CH,],-0; (e) X = O-iCHjJt-O; (/) X = CH=CH. 


At this stage we propose only to examine hypothesis (i). This cannot be tested simply by 
replacing each amidine group by an amino-group because the basic strength of the latter would 
be enormously lowered through interaction with the benzene ring (cf . aniline and methylamine. 
Table I), leading to an almost complete absence of kations in neutral solution. If, however, the 
amino-group is insulated from the aromatic ring by a methylei^e group, the base-weakening 
resonance is repressed and a high degree of ionization results (cf. benzylamine and methyl- 
amine, Table I). That the ionization of amidines is little affected by the presence of an 
aromatic substituent is now shown for the first time (Table I). 


Table I. 

Ionisation of certain bases under physiological conditions. 


Compound. pAa» 20° (water). Source of value. % ionized pH 7. 

Acetamidine 12*52 A 100 

Benzamidine 11*6 (m/10) B 100 

Methylamine 10*76 C lOO 

Aniline^ 4*65 D 0*5 

Benzylamine 9*4 E 99*6 


A. Schwarzenbach and Lutz, Helv. Chim. Acta, 1940, 28, 1162. 

B. Determined potentiometrically by Mr. R. Goldacre (for details of method, see Albert and Goldacre, 

1946, 706). 

C. Britton and Williams, /., 1936, 796. 

D. Hall and Sprinkle, /. Amer, Chem, Soc., 1932, 54 , 3469. 

E. Carothers, Bickford, and Hurwitz, ibid., 1927, 49 , 2908. 
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The preparation of the bisbenzylamifie compounds (II, a — •/) was accordingly undertaken 
to permit of biological comparison with the corresponding diamidines (I), in particular with c 
(Phenamidine), d (Propamidine), e (Pentamidine), and / (Stilbamidine). 

The corresponding dinitriles were hydrogenated by the method of Schwoegler and Adkins 
(/. Amef, Chem. Soc., 1939, 61, 3499) for aliphatic amines, methanolic ammonia being used in 
the presence of Raney-nickel catalyst at 110° for 20 minutes under 1200 Ib./sq. in. pressure. In 
this way were prepared />^'-bisaminomethyldiphenyl (II, a), 'pp'-bisaminomethyldiphenyl- 
methane (II, b), characterized as its dibenzoyl derivativ'e, ^i^'-bisaminomethyldiphenyl ether 
(II, c), 1 : d’{pp'-bisaminomethyldiphenoxy)propane (II, 1 : Q-lpp'-bisaminomethyldiphenoxy)- 
pentane (II, e), and pp' •hisaminomethylstilhene (II,/). 

Before attempting the reduction of 4 : 4'-dicyanostilbene, it was confirmed that these 
conditions were not severe enough to reduce the double bond in trans -^: ; 4'-diaminostilbene. 
The latter was made by reducing the mixture of dinitro- and dinitroso-stilbenes formed by the 
violent reaction of ^-nitrotoluene and methanolic sodium hydroxide (Fischer and Hepp, Ber., 
1893, 26, 2232). The mechanism of this reaction was investigated by Green, Davies, and 
Horsfall (/., 1907, 91, 2076), but no yields were given. As insufficient details exist in the 
literature for the safe and successful conduct of this reaction for preparative purposes, a 
detailed account is given in the experimental section. 

The products (II, a — f) are white, water-insoluble solids which absorb carbon dioxide rapidly 
from the air but are stable in the form of their white, readily crystallising salts, of which the 
diacetates are more soluble than the dihydrochlorides and are to be preferred for biological work. 
That these substances possess the predicted basic strength may be inferred from the example 
quoted in 'J'able II. This table also shows that, both here and in the diamidines, the two basic 
groups are too far apart for the ionization of the first to exert an adverse Coiilombic effect on 
that of tlie second, such as is seen in trimethylenediamine (pA^ 9*8 and 7*0). 


Table II. 


Ionisation of certain diacid bases, 
pA'a values, 20 

Compound. (50% ethanol). vSourcc of value. 

“ Propamidine d) 11*6 & 10*8 (m/300) I 

pp'-Bisaminomethyldiphenyl- > B ^see Table I) 

methane {U,h) 9-28 & 8-10 (m/160) J 


Approx. % ionised 
in water at pH 7. 
100 & 100 

100 & 97 


Von Braun {Ber., 1937, 70, 979) claimed to have produced (II, a) by the action of liquid 
ammonia on //'-bisbromomethyldiphenyl ; it is possible that his material was contaminated by 
secondary amines. 


Note added in Proof . — Compounds (I, c — f) and (II, a — /) were kindly compared by Mr. 
L. G. Goodwin in experimental animal tests against Trypanosoma rhodesiense, T. congolensc, 
Plasmodium gallinaceum, Leishmania donovani, and Entamoeba histolytica . No activity wa.s 
shown by any Type (II) compound. We are also grateful to Prof. S. D. Kubbo for testing 
the same series, in vitro, against Cl, welchii, Strept. pyog,, Staph, aur., B. coli, and B. Protexis. 
Only (I, d and e) showed outstanding activity. 

Thus, unless it can be shown that these organisms possess an enzyme specificall}^ destroy- 
ing Type (II) compounds, hypothesis (i) is no longer tenable. 


Experimektal. 

(The microanalysis of bisaminomethyldiphenyl and its hydrochloride were carried out by one of us 
(J. A. M.) ; the remainder were done by Miss J. Fildes, who is hereby thanked.] 

General , — The dinitrile (16 g.), Raney-nickel catalyst (ca. 5 ml. of sludge), and methanolic ammonia 
saturated at 0° (160 ml.) were placed in a chilled-steel hydrogenation bomb (unlined) with two J in. 
steel balls. These proportions allow about 7 mols. of ammonia, per cyano-group. Hydrogen was 
admitted at an initial pressure of 1300 Ib./sq. in., and maintained at about 1200 lb. whilst the bomb was 
heated to 110° in^ minutes with shaking. Uptake of hydrogen began at about 70°. It was rapid and 
approximately thAt required by theory. The autoclave was allowed to cool, and then chilled in ice. 
It was opened, and the contents filtered quickly with the assistance of some methanolic ammonia, in 
which the amines dissolve much better than in methanol. Carbon dioxide was excluded as much as 
possible from this and subsequent operations. The solvent was recovered by using a bath at 140° and 
appl3dng a vacuum towards the end. The amines (crude yields about 90%) solidified on cooling and 
sometimes contained colloidal nickel hydroxide which caused foaming when the solids were distilled. 

pp' -Bisaminomethyldiphenyl (II, a ), — This was purified by distillation (b. p. 180°/0-6 mm.) and 
recrystallisation from 10 parts of toluene. The yield of pure material was 80%. A slightly under- 
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hydrogenated batch supersaturated badly. The substance is soluble in hot alcohol, benzene, and ethyl 
acetate, and in cold pyridine (Found: C, 79*6; H, 7*6; N, 13‘3. Calc, for Cj4Hi,Nj: C, 79*2; 7*6; 

N, 13*2%). The compound and its derivatives had the following m. ps. (values of v. Braun, loc, ciL, in 
parenthesis) : base, 144 — 145° (136°) ; picrate, 232 — 236° (decomp.) (222°) ; dibenzoyl derivative, 
249 — 260° (243°); diacetyl derivative, 281 — 283° (272°). The dihydrochloride was formed by 
crystallisation from hot dilute hydrochloric acid. It is soluble in about 100 parts of cold water and 
readily precipitated by extra chloride ions (Found : C, 59*15; H, 6*3; Cl, 24*7. C^HigNgClj requires 
C, 58*96 ; H, 6*4 ; Cl, 24*9%). The cr3rstals developed a blue tint on exposure to sunlight. 

m'-Bisaminometkyldiphenylmethane (II, b), — This was purified by distillation at 0*6 mm., followed 
by dissolution in 5 parts of boiling benzene and treatment with 5 parts of light petroleum (b. p. 60 — 90°). 
The white crystals, m. p. 90° (80% yield), were dried in a vacuum over shredded paraffin. The compound 
is very soluble in alcohol without gradient, sparin^y soluble in ether (Found : C, 79*4; H, 7*9 ; N, 12*2. 
CijHisNj requires C, 79*6 ; H, 8*0; N, 12*4%). The dihydrochloride (m. p. over 350°) is exceptional in 
this series in that it is difficult to precipitate with chloride ions ; it is almost insoluble in alcohol and 
unafiected by light. The dibenzoyl derivative was prepared with benzoyl chloride in 10 volumes of 
pyridine (yield 90%) as white crystals from chlorobenzene, m. p. 224° (230° corr.), sparingly soluble in 
benzene, acetone, and alcohol (Found : N, 6*4. C^gHj^OaNj requires N, 6*46%). 

m'-Bisaminomethyldiphenyi ether (II, c). — This was distilled (b. p. 186°/0*3 mm.), giving crystals 
(70% recovery) which began to melt at 56° and were completely molten at 77° ( ? double m. p,). The 
product was readily soluble in ethyl and amyl alcohols and in boiling toluene or acetone with gradient ; 
only slightly soluble in ether and in light petroleum (Found : C, 73*0; H, 7*1; N, 32*2. C14H14ONJ 
requires C, 73*6; H, 7*1; N, 12*3%). The dihydrochloride does not melt below 360°. The diacetate 
(m. p. 156°, anhydrous) was formed by dissolving the base in 8N-acetic acid at 60°, precipitating with 
acetone, and drying at 110°. It was readily soluble in cold water and hot ethanol. 

1 : Z-()^i^'-Bi$aminomethyldiphenoxy)propane (II, d). — This was purified by distillation (b. p. 
242°/0*5 mm.) and then recrystallised from alcohol, m. p. 90 — 91° (70° yield). It is sparingly soluble in 
boiling benzene ; moderately so in boiling acetone. The dihydrochloride is sparingly soluble in cold 
water and readily soluble in hot water; it sinters at ca. 290° but does not melt below 360°. The 
diacciate, m. p. 178°, prepared as above, is readily soluble in cold water, moderately in boiling alcohol, 
and insoluble in acetone (Found : C, 62*0; H, 7*4; N, 6*85. Ci7H220aN„, 2C2H4O2 requires C, 62*0; 

H, 7*4; N, 6*9%). 

I : 5-{pp'-‘Bisaminomeihyldiphenoxy)peniane (II, e). — This was purified through the acetate without 
previous distillation. The base (70% yield), m. p. 74 — 76°, from aqueous ethanol, is readily soluble in 
pyridine and in methanol and has good gradients in toluene and chlorobenzene. It is very slightly soluble 
in ether and in light petroleum. The dihydrochloride is soluble in cold water and insoluble in ethanol 
and acetone. It sinters at ca. 270° but does not melt below 360°, The diacetate, m. p. 161°, is very 
soluble in water, moderately in cold and readily in boiling ethanol, and insoluble in acetone (Found : 
C, 63*4; H, 7*8; N, 6*4. Ci2H2o02N2,2C2H402 requires C, 63*65 ; H, 7*9; N, 6*46%). 

■p^'-Bisaminomethylstilbene (II, /). — This compound was purified by recrystallisation first from 
chlorobenzene and then from ethanol, giving crystals, m. p. 210—211° (decomp.) on rapid heating (yield 
76%). They are soluble in about 27 parts of boiling ethanol, moderately soluble in boiling benzene or 
pyridine (with gradient), and almost insoluble in acetone, ether, or light petroleum (Found : C, 80*6; 
H, 7*6; N, 11*7. CieHigNj requires C, 80*6; H, 7*6; N, 11*8%). The dihydrochloride is moderately 
soluble in boiling water (with gradient) and insoluble in alcohol or acetone. The diacetate, m. p. 
206 — 207°, solidifies at 210° and melts again at 255° (approx.) and is readily soluble in water, slightly 
soluble in boiling alcohol, and insoluble in acetone. 

trosis-yxi'-Diaminostilbene . — A three-neck flask (capacity 1 1.) was fitted with an efficient mechanical 
stirrer, a 24-in, water-cooled bulb condenser, and a cork containing a thermometer, the bulb of which 
was pushed down below the 250 ml. level. The operation was conducted under a good hood. 

Sodium hydroxide sticks (126 g.) were broken into coarse grit and refluxed in the flask with methanol 
(500 ml.) until dissolved (about 90 minutes), heat being supplied by a glycerol-bath at 100°. The flame 
was extinguished, and the thermometer momentarily withdrawn while molten p-nitrotoluene (60 g.) 
was rapidly added. After 30 seconds a violent reaction set in, the temperature rising to 106° and falling 
back to 90° when the condensed methanol returned to the flask. The flask contents became deep red. 
Tlie glycerol-bath was then heated for J hour to keep the flask contents at 100°. The thermometer was 
then withdrawn, and a condenser, arranged for distillation, inserted. Concentrated hydrochloric acid 
(1 equiv. ; 300 ml. of 39% w/v) was added down the upright condenser during 16 minutes with rapid 
stirring. The bath was then maintained at 120° until 400 ml. of methanol, altogether, had been collected. 
The product consisted of a mixture of dinit rodibenzyl, dinitrostilbene, and (mainly) dinitrosostilbene. 
These substances w*ere separated by Fischer and Hepp, but it was found more economical to reduce them 
together, in situ, taking advantage of the relative insolubility of diaminostilbene salts. 

The temperature of tlie bath was lowered to 100°, and a solution of stannous chloride crystals 
(330 g. ; 4 mols. per mol. of nitrotoluene) in concentrated hydrochloric acid (330 ml.), warmed to 80°, was 
added down the upright condenser during 16 minutes. Stirring and heating at 100° (bath temp.) were 
continued for 2 hours. The flask was then cooled and kept in ice for 2 days. 

The precipitate of sodium chloride and diaminostilbene stannichloride was filtered off, pressed well, 
and extracted successively with 600, 200, and 50 ml. of boiling water, leaving about 1^ of sludge. The 
combined filtrates were boiled and treated with sodium hydroxide (ca. 360 ml. of 6n) until Orange-II 
paper was reddened. The mixture was heated for h hour on the boiling water-bath and again adjusted 
to redden Orange-II. The precipitate was filtered hot, pressed, and washed until the filtrate ceased to 
redden phenolphthalein. The cake was dissolved in the minimum (ca. 300 ml.) of boiling N-hydrochloric 
acid, 76 ml. of lON-hydrochloric acid were then added, and the whole refrigerated overnight. Next day 
the diaminostilbene hydrochloride was filtered off, dissolved in boiling water (160 ml.) containing 
lON-hydrochloric acid (1 ml.}, and treated with sodium hydroxide^ as above. The cake was collected, 
pressed hard, washed well, and dried at 120°. The yield was 17*0 g. (45%) of orange powder, m. p. 214°. 
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This was purified by boiling with 20 parts of chlorobenzene, filtering hot, and cooling in ice for a day 
(86% recovery; m. p. 226 — 226®). 

Finally, recrystallisation from dilute alcohol removed a trace of orange impurity and gave minute, 
almost colourless crystals, m. p. 227 — 228® equal to the highest uncorrected m. p.s in the literature 
(Calvin and Buckles, J. Amer. them. Soc., 1940, 62, 3324; Klinge, Ber., 1883, 16, 943). 

The authors wish to thank Professors J. C. Earl and A. K. Macbeth for their interest in this work, 
and Dr. A. J. Ewins for supplying the dinitriles. This work was supported by the National Health and 
Medical Research Council, the Commonwealth Research Fund, and the Wellcome Foundation. 
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276. The Crystal Structure of Ammonium Nitrate III, and Atomic 
Scattering Factors in Ionic Crystals. 

By T. H. Goodwin and J. Whetstone. 

The crystal structure of ammonium nitrate III has been redetermined in the light of revised 
optical and A'-ray evidence. 

In the course of an investigation into the conditions of stability of ammonium nitrate III, the 
form normally stable from 32*3° to 84*2°, we measured the series of single-crystal rotation 
and oscillation photographs which we obtained, and compared our data with those of Hendricks , 
Posnjak, and Kracek (J. Amcr. Chem. Soc., 1932, 54, 2776). Although there is general agree- 
ment between their observations and ours, there are certain marked discrepancies [see inform- 
ation in Tables II and III concerning the planes (002) and (004), (101), and (200)]. Moreover, 
there are frequently wide discrepancies between their observed and calculated intensities, as, 
for example, for the planes observed to have “ moderate ” intensities. 

We are unable to account for the observational discrepancies, but for the rest, it seems 
possible that the authors were aware of the optical data which Hendricks, Deming, and Jefferson 
published later {Z, Krist., 1933, 85, 145) and, believing them to be correct, proposed a structure 
in conformation with them. They say that their agreement between observed and calculated 
intensities is only moderate. A difficulty in trying to explain these discrepancies is that 
although the authors state that the interfacial angles between the needle zone faces is 90® 0' 
(faces therefore a {100} and h {010}) they quote no data derived directly from rotation, oscillation, 
or Weissenberg photographs about the a- or 5-axes apart from the intensities of {001} which 
we consider erroneous and for which they fail to record calculated intensities. We therefore 
decided to redetermine the structure. 

Since ammonium nitrate III is stable only above 32®, all manipulations of the crystals had 
to be carried out above this temperature. The specimens used were grown from aqueous- 
alcoholic solution in a thermostatic hot-air chamber at 50®, and selected and mounted while 
still in the chamber. They were then rapidly transferred to the goniometer arcs while a stream 
of hot air at ca. 42° was allowed to flow over crystal and arcs alike. Optical goniometry revealed 
that the crystals, which were long needles, usually had only the four prism faces of the {110} 
form present, the angle (110);{110) being 94°. There is probably no significance in this 
difference of habit between our crystals and those of Hendricks et al. 

After the camera had been placed in position, hot air was introduced into it by a wide tube 
inserted through the lid and reaching down to near the level of the crystal, a thermometer 
being present in the air stream to ensure maintenance of a sufficiently high temperature (ca. 
42°). The A-radiation employed was from the copper target of a Shearer tube with a nickel- 
foil filter. The following axes were measured : a = 7T4, 5 = 7*66, c = 5-83 a. These com- 
pare satisfactorily with the results of Hendricks et al., viz., a = 7*06, h = 7*66, c = 5*80 a. 
Examination of oscillation photographs about the a, h, and c axes revealed {05/} present only 
when 5 is even, {50/} present only when 5 -f / is even, {550} and {55/} present in all orders. 
These extinctions are consistent with the space-group Pbnm (F*^®) assumed by the American 
investigators although Pbn (Cijj is also possible. For preliminary calculations the space-group 
of higher symmetry Pbnm was assumed. 

The structure factors for planes of the {550} zone are the same for both space-groups and, 
as is shown later, the atomic positions were deduced by constructing a Fourier projection on 
(001). Since it was impossible to carry out work with heated crystals on the Weissenberg 
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instrument available, visual estimates of intensities had to be made from rotation and oscillation 
photographs, with consequent limitations of accuracy. It was found possible, using the atomic 
positions definitely located by the Fourier synthesis, to postulate a structure based on the 
symmetry elements of Phnm, giving satisfactory agreement between observed and calculated 
intensities within the limits of accuracy of the work. In addition, the packing of the atoms 
in the unit cell is such that there is little possibility of changes in the relative positions indicated 
if on the one hand the projection on ( 001 ) is to be maintained while on the other the space- 
group is to be altered to Phn ; any such changes would increase the range of NH 4 . . . . O 
distances o]>served 011 the structure. Thus we consider that the choice of the space-group of 
higher symmetry, Pbnm, is justified. 

In this space-group, then, eight asymmetric units are required, four being mirror images 
of the others, but as only four NH 4 NO 8 units, i.e., four NH 4 ^ and four NOg" ions, are present, 
these must possess two-fold symmetry ; since the space-group does not involve axes of rotation, 
the ions are restricted to central or planar symmetry. Both these types need to be considered 
for, though neither the tetrahedral NH 4 '’’ nor the planar NOg" group can have a centre of inver- 
sion when ' ' at rest in ammonium nitrate I, the form stable from 125° to the melting point at 
169-5°, there is only one ion of each species in a cubic cell and therefore each must be rotating 
in a way which enables it to simulate cubic symmetry. In ammonium nitrate III rotation 
of the NH 4 ^ and NOg' could confer on them pseudo-central symmetry. On the other hand, 
(a) the latter modification is stable at considerably lower temperatures and its ions are therefore 
less likely to be rotating in the solid state, and ( 6 ) the number of ions present is the minimum 
required if they are plaru^r and at rest. We decided, therefore, to begin by placing the nitrate 
ions on the symmetry planes, but in view of the fact that the ammonium ions are more nearly 
spherical and therefore more readily capable of free rotation, we decided to consider their location 
at centres of inversion and on planes of symmetry in turn. In the latter case the co-ordinates 
of the animoniacal nitrogen are : 

(«) «ji. vj,, i ; uj,, vj,, I- ; i - ttx. J 4- 1',.. i : i + “a. i f 
In the former they may be cither : 

(5) 0,0,0; 0,0, J; i,i,0; i J, 1, or (c) J,0,0; i0,i; 0,^0; 0,1,1 

For the nitrate ions two dispositions on the symmetry planes of the crystal are possible, 
viz., so that all four atoms of each ion are on the (same) symmetry plane or so that the nitrogen 
and one oxygen are on the plane, the other oxygens being above and below this. In the first 
case pronounced negative optical birefringence would occur, the minimum refractive index 
a being perpendicular to the symmetry planes, i.e., parallel to the c-axis (cf. potassium nitrate 
and aragonite; Bragg, “ Atomic Structure of Minerals'', Oxford Univ. Press, 1937, pp. 119 
ei seq.). In the second, y, the greatest refractive index, would be parallel to c. In fact, y is 
parallel to c, so that the second possibility is the correct one ; since the optic axial angle is high 
{2V 90°) it follows that the plane of the ion must be quite oblique to both the a and the b 

axis. 

The atomic co-ordinates of N and one O of the NOg” must therefore be as in (a) above but 
with parameters u^, % and Uq, Vq- The other oxygens are in general (i.e., eight-fold) positions : 

(d) :v,y,z; J "f J H- y, 4 — -8^; J + 4 — 

^•y. i - ■8'; i.y. 5; \ - x, \ + y,z-, J + J - j/. i + ^. 

To locate the various atoms, we first considered the orders of (001) since they involve only 
the 2 - co-ordinates. For those the structure factor Fgoi is : 

Fgoz — 8f (O) cos 2 tc/^ -f 4f (O) cos 2;^ ^ -f 4f(N) cos 27 t: ~ -f 4f (A) cos 2tz j , 

or Fgg/ = 8f(0) cos 2tzIz -j- 4f (O) cos 27t ~ 4* 4'f{N) cos 2^ ^ -j- 4f (A) cos 2n ^ 

according as the ammonium ion is situated on the symmetry plane or at a symmetry centre ; 
f (O), f (N) and f(A) are the atomic scattering factors of oxygen, nitrate nitrogen, and ammonium 
respectively. Hendricks, Posnjak, and Kracek *' assumed that f(A) for Cu-K radiation is 
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approximately the same as determined for Mo- A' radiation diffracted from NH^Cl (Wyckoff 
and Armstrong, Z. Krist, 1929, 72, 319), that f(0) is the same as for oxygen in nickel oxide 
(Cu-A radiation) (Wyckoff, Physical Rev», 1930, 35, 583; Structure of Crystals 2nd Edn., 
1931, p. 100), and that f(N) = 0-35 f(0) independent of sin 0/X It is thus implied that, so 
far as the diffraction of A-rays is concerned, the nitrate ion approximates to a ion sur- 
rounded by three 0*“’ ions. In view of the completed L shells of nitrogen and oxygen in nitrate 
ions as formulated by chemists, we have preferred to regard the f values of these atoms as the 
same, with fo(N) = fo(0) == 8 , fo being the value of f when 0 = 0 . Of the various theoretical 
arguments in support of this view, we quote only two. It is well known that the polarising 
power of a cation increases with increasing charge and decreasing radius. Since the radii ” 
of and, say, Li+ are quoted by, e.g.y Pauling (“ Nature of the Chemical Bond 2nd Edn., 
p. 346) as 0-1 1 and 0*60 a., respectively, it follows that the polarising power of the N®+ will be 
so great as to lead to N“"0 bonds which are essentially covalent. Secondly, the uniformity 
of structure of the nitrate ion as a planar equilateral triangle in which the central nitrogen 
has no tendency to be surrounded by more than three oxygens or other “ anions ”, shows that 
the N-O bonds are directed in space and therefore are covalent, not electro valent. 

Using, then, these atomic scattering factors, we found that if the NH 4 + ion is on the mirror 
plane z must have a value of between 0*06 and 0*07 in order to account for the observed relative 
intensities of (002), (004) and (006) ; z was selected as 0*06, equivalent to a distance of about 
2*21 A. for O .... O in the nitrate ion, or 1*27 a. for N . . . .O, which latter value lies between 
the measurement of 1*21 a. made by Elliott (/. Amcr. Chem. Soc., 1937, 59, 1380) for the nitrate 
ion in sodium nitrate, and the value of 1*31 a. calculated by Pauling on the basis of one double 
bond resonating between the three positions. If the ammonium ion w^as placed at a symmetry 
centre no such satisfactory relative intensities could be calculated. 

We next drew, on scaled diagrams of the (001) plane, the traces of various particularly 
strong and particularly weak {hkO) planes (excluding space-group halvings). On examining 
the resulting diagram with the assistance of a scale model of the nitrate ion (edge = O . . . . O 
proportional to 2*21 a.), arranged so that one O . . . . O direction was perpendicular to the 
diagram, tentative positions for the atoms of this ion were obtained which j^ermitted a reasonable 
location of the NH 4 **' ion on the symmetry plane. l*'rom these we calculated, after some slight 
adjustments, structure factors which were in approximate agreement with our qualitative 
estimates of intensity. In an endeavour to refine the structure we then made by visual estim- 
ation numerical assays of the intensities of as many as possible of the {hhO) planes from rotation 
and oscillation photographs and constructed a Fourier projection on (001). 

This projection proved far from satisfactory because, while indicating unequivocally the 
two oxygens in the general positions (d), it left considerable doubt as to the placing of the 
ammonium ion and the third oxygen on the reflection planes. One of these was revealed as a 
definite peak in the landscape but the other only as an upland region. According to whether 
and where the ammonium or oxygen is placed in this upland region three alternative structures 
are obtained which give F values for the planes of roughly the same magnitude as those 

estimated visually. However, by trial and error methods the ammonium ion was eventually 
placed in this region in a position which led to satisfactory agreement with the intensities of 
reflections over all three principal zones as \vell as for the {hkl} planes. The nitrate nitrogen 
was suitably located on the line joining the ” special ” and ” general ” oxygens in the projection. 
In view of the large changes in structure amplitude brought about in certain planes by move- 
ments of the atoms of less than one-hundredth of the cell edge, and the impossibility of testing 
all the combinations of atomic positions wdthin the tolerances allowed by the Fourier synthesis, 
the agreement between observed and calculated intensities is as good as can l)e expected. 


Table I. 

Atomic co-ordinates. 


ar = 0-05— (J-06 

y = 017— <?T75--018 

^ -- 0*06—0 01 

= on— 0-14 

vsi = 0*14— 0-15 

wji 0*25 

uo = 0-30— 0-29 

Vo = 008— 009 

Wo — 0*25 

^ 0‘30~— 

sst — 0*02 to — 0*03 

W'NH* = —0*25 


Table I gives the limi^ within which we consider the parameters of the various atoms to lie, 
the figures in italics being those used in calculating the structure factors and intensities of 
Tables II, III, and IV. 
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Since the crystals were thin needles of nearly square cross-section, it was considered unnecessary 
to apply absorption corrections to the observed intensities of the {hkO) planes. They have, 
however, been applied to those of the other prism zones, though not to the {hkl) planes, calcul- 
ations of which were made rather as a final check. 

In Table II are given first the observed intensities of the planes of the {A^O} zone. Then in 
col. 3 are recorded the structure factors calculated from the final ionic model, the four atoms 


Fig. 1. 



of the nitrate ion all being supposed to have the same atomic scattering factors with fo(0) — 
fg(N) = 8. Col. 4 gives the factor L = (1 -j- cos® 20) sin 20 by which F* is converted into 
the intensity 7, recorded in col. 5. Cols. 6 and 7 record the intensities observed and calculated 
by Hendricks et al. Table III contains the absorption corrections where applied; these were 
calculated from the lengths of the paths of the X-ray beam through the crystals and the mass 
absorption coefficients recorded in the “ International Tables for the Determination of Crystal 
Structures,*' 1933, Vol. II, p. 677. Apart from this. Tables HI and IV will be readily understood 
by comparison with Table II. 

It will be seen that our observed and calculated results are in better agreement than those 
of Hendricks, Posnjak, and Kracek. The principle difference between the two structures is in 
the disposition of the nitrate ions, w’'hich in our model (Fig. 1) are more nearly parallel to the 
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a- than to the 5-axis, the converse being the case with the structure reported by the Americans 
(Fig. 2) . Our proposal would therefore lead to refractive indices a//5, |^//a, y //c The measured 
valuesasrecordedbyHendricks,Deming, and Jefferson (Z.irns/., 1933,85, 145) area = l*463/a, 
p Bs l*543//5, and y = VQOOjjc, Our own measurements, carried out on mounted crystals 
of known orientation (as determined by AT-rays) agree with these numerically, but we find 
ajjb and In view of the fact that the crystals are long needles with their needle zone 


llG 2. 



Figs. 1 and 2. — Fig. 1 represents the unit cell of ammonium nitrate III deduced in this investigation, 
projected parallel to the c-axis ; Fig. 2 is a similar projection of the structure of Hendricks, Posnjak, and 
Kracek. The unbroken and the dotted circles represent atoms located on or about reflection planes at 
c J and }, respectively. The large circles represent ammonium ions (Pauling's radius 1*48 a.), while 
the groups of small circles represent the nitrate ions, and oxygens in the general positions being superimposed 
one on another in the projection. The radii of oxygen and nitrogen are taken as Pauling's covalent radii 
(0*66 A. and 0*70 a., respectively). 


faces at or nearly at right angles, it is not surprising that the vibration directions of the fast 
and medium rays should have been wrongly identified. Thus the revised optical properties 
support our proposed ionic arrangement. In our structure the ions are distant 2 7 — 

3*2 A. from their nearest oxygen neighbours, while in theirs the mean of nine such distances 
ranging from 2*76 to 3*13 a. is 2*96 a. 

6b 
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Table II. 


hkO. 

Intensity, 

obs. 

num. 

F, calc. 

L. 

G, A W.. 
calc. 

Intensity : 

H., P. 
obs. 

, A K., 
calc. 

200 

600 

-10 

46 

460 

vw 

8 

400 

130 

-12 

1-7 

260 

vw 

8 

600 



-10 

1 

100 

vw 

— 

020 

0—30 

7 

4 

200 

vw 

1 

040 

1300 

-14 

2 

400 

m 

660 

060 

800 

30 

1 

900 

w 

— 

110 

1000 

15 

6-6 

1460 

m 

660 

210 

8000 

— 44 

3*75 

7000 

vvs 

3000 

310 

2600 

38 

2*5 

3600 

mms 

10 

410 

1800 

-36 

1*7 

1760 

s 

400 

510 

800 

-31 

1-26 

1200 

m 

— 

GIO 

— 

- 3 

1 

10 

— 

— 

120 

6000 

-46 

4 

8000 

ms 

370 

220 

10,000 

—44 

3 

6000 

s 

500 

320 

1300 

— 28 

2 

1600 

m 

90 

420 

260 

1 

1-6 

— 

w 

50 

520 

400 

-16 

1-26 

260 

w 

— 

130 

10,000 

-60 

2*76 

9900 

s 

270 

230 

600 

4 

22 

40 

mw 

140 

330 . 

600 

20 

1*7 

700 

vw 

80 

430 

130 

— 

135 

— 

w 

— 

530 

— 

3 

— 

10 

— 

— 

140 

250 

14 

1*8 

360 

a 

200 

240 

130 

10 

1*7 

170 

a 

15 

340 

2300 

31 

1*4 

1300 

mms 

— 

440 

130 

4 

1*1 

20 

— 

— 

540 

— 

8 

1 

64 

— 

— 

150 

800 

16 

1*6 

350 

— 

— 

260 

260 

21 

1*3 

600 

— 

— 

350 

600 

14 

1*2 

270 

— 

— 

460 

— 

- 3 

1 

10 

— 

— 

160 

— 

16 

— 

— 

— 

— 

260 

— 

10 

— 

— 

— 

— 

360 

— 

— 6 

— 

— 

— 

— 

hOI 

Intensity, 

Table 111. 

F, Abs., 


Intensity, 

calc. 

or 0^ . 

obs. 

calc. 

corr. 

L. G. 

& W. H., 

P., & K, 

101 

ms 

22 

2 

6 

1126 

4000 

103 

vw — a 

4 

1*8 

1*8 

16 

— 

106 

w 

11 

2*2 

1*0 

60 

— 

202 

s 

68 

2*3 

2*46 

4000 

750 

204 

m 

24 

2*3 

1*2 

310 

— 

206 

w 

8 

? 

1*2 

? 

— 

301 

vw 

14 

12*6 

2-4 

40 

200 

303 

mw 

21 

3*3 

1*6 

200 

160 

306 

vw 

16 

? 

1*0 

? 

— 

402 

a 

10 

10 

1*4 

14 

3 

404 

a 

8 

? 

1 

? 

— 

406 

a 

7 

10 

1*2 

6 

— 

601 

w 

8 

3 

1*2 

25 

— 

603 

vw 

20 

7 

1 

? 

— 

605 

vw 

6 

? 

1*6 

? 

— 

002 

s 

37 

— 

3*4 

4630 

— 

004 

m 

31 

— 

1*3 

1250 

— 

006 

w 

23 

— 

1*1 

580 

— 

021 

s 

64 

3 3 

3*7 

4000 

70 

023 

vw 

11 

2*1 

1*7 

90 

— 

025 

mw 

32 

? 

1 

? 

— 

022 

s 

64 

2*1 

2*6 

3450 

1260 

024 

mw 

23 

2*1 

1*2 

300 

— 

026 

a 

9 

? 

1*1 

? 

— 

041 

a 

6 

4*5 

1*8 

15 

20 

043 

mw 

36 

4 

1*26 

376 

10 

046 

a 

4 

? 

1*1 

? 

— 

042 

a 

8 

4 

1*4 

20 

2 

044 

a 

1 

4 

1 

0 

— 

046 

a 

3 

? 

1*7 

? 

— 
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Table IV. 

/, calc. I, calc. 



L 

F, 



H., P., 


L 

F, 



H., P. 

hkl. 

obs. 

calc. 

L. 

G. & W. 

& K. 

hkl. 

obs. 

calc. 

L. 

G. & W. 

& K. 

Ill 

s 

23 

4*7 

2600 

1300 

151 

w 

22 

— 

— 

— 

211 

s 

32 

3-5 

3500 

16 

261 

w 

20 

1-2 

480 

— 

311 

vw 

3*5 

2 

20 

0 

112 

s 

23 

2-9 

1650 

400 

411 

w 

8 

1-6 

100 

7 

212 

vw 

6 

2*4 

60 

80 

611 

w 

13 

1-2 

200 

— 

312 

mw 

20 

1-7 

680 

280 

121 

ms 

25 

3-6 

2200 

240 

412 

mw 

17 

1-3 

380 

140 

221 

w 

8 

2-6 

170 

30 

122 

m 

16 

2-4 

700 

280 

321 

mw 

7 

1*9 

100 

130 

222 

mw 

11 

2 

260 

65 

421 

a 

9 

1*4 

110 

2 

322 

mw 

16 

1-6 

380 

15 

621 

vw 

8 

11 

70 

— 

422 

w 

3 

1-4 

13 

3 

131 

mw 

8 

2-4 

160 

100 

132 

a 

3 

1-8 

16 

10 

231 

w 

5 

2 

60 

6 

232 

w 

7 

1-6 

80 

100 

331 

vw 

10 

1-6^ 

160 

37 

332 

ms 

34 

1-4 

1600 

0 

431 

mw 

23 

1-3 

660 

— 

432 

vw 

6 

M 

40 

— 

141 

m — ms 

40 

1*7 

2700 

4 







241 

m 

23 

1*6 

760 

70 







341 

a 

6 

1*35 

30 

— 







441 

w 

6 

11 

40 

— 
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277 . The Separation of d-Fructose from Other Natural Sugars as its 
2 : 3-4 : 5-Diacetone and 1 : 2-Monoacetone Derivatives : Observations 
on the Behaviour of Acetone Derivatives of Monosaccharides totvards 
Cold Decinormal Sulphuric Acid. 

By D. J. Bell. 

A simple procedure is described for the isolation of cZ-fructose from mixtures of mono- 
saccharides as the 2 : 3-4 : 5-diacetone derivative. Glucose, mannose, xylose, and rhamnose 
do not interfere. The method is not applicable where galactose, arabinose, or fucose are 
present in quantity ; in such instances a procedure leading to the isolation of 1 : 2-monoacetone 
fructose is adopted. 

The diacetone derivatives of glucose, mannose, and xylose and the monoacetone derivatives 
of rhamnose and ribose (all understood to be derived from the furanose form of the sugars) are 
hydrolysed to the corresponding monoacctone compounds, or to the free sugar, by several 
hours* treatment with O-lN-sulphuric acid at room temperature. On the other hand, 

2 : 3-4 : 6-diacetone fructose, and the diacetone derivatives of galactose, fucose, and arabinose 
(all believed to have pyranose structures) resist this Hydrolytic attack. 1 : 2-4 : 6-Diacetone 
fructose is anomalous : it behaves as if it had a furanose ring although it is generally con- 
sidered to be derived from fructopyranose. Use being made of this difference in hydrolytic 
behaviour, a number of sugar separations are facilitated through their readily obtained acetone 
derivatives. 

The identification of ^-fructose, especially in crude material of biological origin, has always 
presented difficulty. The only crystalline derivative hitherto employed to this end is the 
phenylmethylosazone (Neuberg, Ber., 1902, 85, 960; Neuberg and Mandl, Arch. Biochem., 
1946, 11, 461). This substance is formed in variable yield; when it is isolated from mixtures its 
physical properties tend to be erratic, and in theory, if not in practice, it may also be formed 
from rf-glucose and d-mannose. It is also necessary to work in relatively concentrated solutions, 
so the presence of large amounts of mineral matter, etc., besides other sugars, as often occur 
in biological extracts, complicates, or may even render impossible, isolation of the phenyl- 
methylosazone. Work in this laboratory demanded an unequivocal means of identifying 
relatively small amounts (e.g., 100 mg.) of d^-fructose under conditions such as those described. 

It was considered that treatment of the dried material with acetone and a suitable catalyst 
would provide a convenient means of separating carbohydrates (as monosaccharides) from 
inert material and at the same time produce derivatives which, directly or indirectly, would 
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lead to characterisation of the sugars, and this has proved to be the case. Irvine and Garrett 
(/., 1910, 97, 1283) observed that 2 : 3-4 : 6-diacetone fructose (the so-called p ' '-derivative) 
displayed remarkable stability towards cold dilute acid, in marked contrast to the behaviour 
of the 1 : 2-4 : 6-isomer (*' a diacetone fructose). Ohle and Koller (Ber., 1924, 57, 1666) 
confirmed this finding and further noted that 1 : 2-6 : 6-diacetone glucose was, like a-diacetone 
fructose, unstable to cold 0*lN-sulphuric acid, both substances losing at least one isopropylidene 
radical by hydrolysis. Ohle and Koller further demonstrated that, although low concentration 
of mineral acid catalyst favoured the formation of a-diacetone fructose '(cf. E. Fischer, Ber., 
1896, 28 , 1164; Irvine and Garrett, loc, cit.; Montgomery, J. Amer, Chem. Soc,, 1934, 56 , 419), 
yet increase in concentration of the catalyst led to increasing formation of the p-isomer, resulting 
in a series of mixed products, until, at a concentration Of 4% of sulphuric acid, pure p-diacetone 
fructose was formed. The use of catalysts such as zinc chloride (H. O. L. Fischer and Taube, 
Ber,, 1927, 60 , 486) favours formation of the a-derivative. 

In the present work the above observations have been confirmed and extended. The presence 
of 6% (v/v) of sulphuric acid in the acetone condensation (optimum duration, 6 hours) produces 
over 70% of the theoretical yield of p-diacetone fructose while diacetone glucose, under similar 
conditions, is formed to the extent of 60 — 66%. If a mixture of glucose and fructose, or sucrose 
itself, is treated in the above manner, the products are mainly p-diacetone fructose and diacetone 
glucose along with minor quantities of monoacetone derivatives. Partition of this mixture 
between chloroform and water leaves the " mono ''-constituents in the aqueous phase. Six 
hours’ treatment of the material obtained from the chloroform phase with 0*lN-sulphuric acid 
effects hydrolysis of the diacetone glucose and the a-diacetone fructose to the monoacetone 
derivatives; pure p-diacetone fructose is obtained by partition into chloroform. If all the 
mono ’’-residues are brought into the dry state, recondensed with acetone, treated with dilute 
acid, and partitioned as before, the total yield of p-diacetone fructose may approach 80% of the 
theoretical. 

It having been established that fructose could satisfactorily be separated from glucose, it 
seemed desirable to determine whether differences in hydrolytic behaviour existed among the 
acetone derivatives of other natural monosaccharides, and to what extent their presence might 
interfere with the isolation of p-diacetone fructose. The required derivatives were prepared 
under the conditions described above (which are not necessarily optimum for sugars other than 
fructose). Those compounds which are considered to be derived from the pyranose form of 
the parent sugar, viz., the diacetone derivatives of ^^-galactose, /-arabinose, and /-fucose, all 
proved completely resistant to the action, for 6 hours, of 0*lN-sulphuric acid. In contrast, 
the furanose compounds, diacetone (i-mannose, diacetonc rf-xylose, and monoacetone /-rhamnose, 
behaved similarly to diacetone glucose and were converted into substances which could not 
be extracted from water by chloroform. Crude “ monoacetone (f-ribose ” (see Experimental) 
is hydrolysed comparatively slowly, but, although it is partitioned into chloroform, the restricted 
occurrence of the parent sugar is unlikely to cause difficulties. It was found practicable to 
isolate p-diacetone fructose from a mixture composed of 200 mg. each of (f-fructose and six 
other sugars, despite the presence of both diacetone rf-galactose and diacetone /-arabinose in 
the final product of the chloroform-water partition. 

A possible explanation of the marked difference in stability towards acid exhibited by the 
two types of diacetone sugar may lie in the fact that in each example possessing a furanose 
sugar ring the labile isopropylidene radical is united through a primary alcoholic group. How- 
ever, in the instance of the labile radical of a-diacetone fructose, if we assume that the hitherto 
accepted pyranose structure is correct, two secondary ris-alcoholic groups (4 and 6) are engaged. 
Such configurations are stable when the sugar ring is pyranose, and labile when it is furanose. 
The 1 : 2-monoacetone fructose derived from a-diacetone fructose is well known to possess a 
pyranose structure. It may be possible that a-diacetone fructose is really a derivative of fructo- 
furanose having its tsopropylidene radicals attached through positions 1>: 2 and 4 : 6, and that 
hydrolysis to the monoacetone derivative is accompanied by enlargement of the ring. Our 
present knowledge of the chemistry of the ketoses is too scanty definitely to forbid such a 
transformation . 

If it is desired to separate fructose from sugars which form pyranose derivatives, with acetone, 
condensation catalysed by 0*3% (v/v) of sulphuric acid will lead to the production of a-diacetone 
fructose. The action of dilute acid will hydrolyse the latter to 1 : 2-monoacetone fructose 
which can be partitioned from chloroform into water, leaving the p 3 rranose diacetone compounds 
in the organic solvent. The yield of monoacetone fructose thus obtained is good. 
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A-Frudose from Other Natural Sugars, etc. 

Experimental. 

Evaporation of solvents wks conducted below 50°, under diminished pressure. M. p*s, are un- 
corrected. Measurements of optical activity were made in a 2-dm. tube. Acetone was kept, for at least 
2 weeks, over calcium chloride before use. 

a-‘Diacetone d~Fructose, — (a) Catalyst, zinc chloride. The method of H. O. L. Fischer and Taube 
(loc. cit.) was followed. From 2 g. of fructose, the )deld (not improved by using varying amounts of 
catalyst) was 3-8 g., after recrystallisation from ligroin (b. p, 60 — 80°) ; m. p., 119°, [a]}?' (water) — 161*0° ; 
(chloroform) — 147*3°. 

(b) Catalyst, 0*3% sulphuric acid, 5 G. of fructose were shaken with 50 ml. of dry acetone con- 
taining 0*15 ml. of concentrated sulphuric acid; after 24 hours the sugar was completely dissolved. 
The reaction mixture was kept for a further 24 hours, stirred with anhydrous sodium carbonate to remove 
acid, filtered, and evaporated. The residue was dissolved in water, the pH adjusted to 8*5 — 9 by 
addition of dilute sodium hydroxide, and the solution distilled under reduced pressure to remove mesityl 
oxide. The solution was then shaken with a little charcoal, filtered, and three times extracted with 
its own volume of chloroform. On evaporation of the dried (Na2S04) extract, 5*29 g. of crystalline 
material were left. Recrystallised from ligroin (b. p. 60 — 80°), 4*79 g. (66%) of pure a-diacetone fructose 
were obtained, having m. p. 119°, [a]}J" (chloroform) — 147*3°. 

P-Diacetone Fructose. — (a) Catalyst, 4% sulphuric acid (cf. Ohle and Roller, loc. cit,). 5 G. of fructose 
were shaken with 50 ml. of dry acetone containing 2 ml. of sulphuric acid. The sugar dissolved rapidly 
and, after being kept for 3 hours, the solution was worked up in the manner described for the a-isomer. 
The crude product (3*7 g.) was crystalline; it proved, however, to consist of mixed crystals of the a- 
and the j8-isomer which could not be separated by fractional crystallisation ; m. p. ca. 80°, [a]}?* (water) 
— 62*8°. (Ohle and Roller observed similar inseparable mixtures when using lower concentrations 
of catalyst.) This mixture corresponds to one of 25% a with 75% “ /I ” ; 3*2 g. were kept for 3 
hours in 0*lN-sulphuric acid solution. After neutralisation of the acid with dilute sodium hydroxide, 
the solution was three times extracted with its own volume of chloroform. On evaporation of the 
solvent, 2*4 g. (75% of the mixed crystals taken) of needles, m. p. 93 — 94°, remained. After recrystallis- 
ation from ligroin (b. p. 60 — 80°), the m. p. rose to 95 — 96° and [a]})®* (water) was — 33*1° (c, 7) ; these 
constants agree with those previously recorded. 

(b) Catalyst, 6% sulphuric acid, 2*5 G. of fructose were shaken for 4 hours with 25 ml. of acetone 
containing 1*26 ml. of sulphuric acid, and the mixture treated as before. The chloroform phase yielded 
2*7 g. (74%) of crystals, m. p. 90°, [o]}?* (water) —41*9°, corresponding to a mixture of 93% a with 
7%*'^". 

The aqueous phase from the chloroform extraction was cvaj)orated to dryness, and 0*5 g. of a 
colourless solid obtained ; this was treated with 10 ml. of acetone (5% H2SO4) in the manner described 
above for 4 hours. After the customary separation by partition, 0*4 g. of crystalline diacetone fructoses 
was obtained, bringing the total yield to 3*1 g. 2*5 G. of this material were subjected to the action of 
O’lN-sulphuric acid for 2 hours; the yield of pure j9-diacetone fructose (m. p. 95 — 96°) was 2*3 g. (ca. 
79%). 

Ohle and Roller stated that the specific rotation (in water) of j8-diacetone fructose varies with the 
concentration of the solute. That this is not the case is shown by the following observations : 


Conen., g./lOO ml 7*0 3*5 1*0 

[a]}?'’ -33*1° -^33*1° -32*95° 


The: .specific rotation in chloroform w'as also found to be — 24*8° over a range of concentrations. 

The Stability of p-Diacetone Fructose towards O-ln-Sulphuric Acid. — 352 Mg. of pure /5-diacetone 
fructose were dissolved in the acid, and the solution kept at room temperature for 6 hours. After the 
pH of the solution had been brought to about 9 by addition of sodium hydroxide, it was three times 
extracted with chloroform. Evaporation of the chloroform phase yielded 350 mg. (99*5%) of crystals, 
m. p. 95°, [a]}?’ (water) — 32*9° (c, 2*5). 

Conversion of a- into p-Diacetone Fructose. — 1*300 G. of a-diacetone fructose were dissolved in 20 ml. 
of atsetone containing 1 ml. of sulphuric acid. After being kept for 6 hours at room temperature, the 
product was isolated by the usual procedure. The yield of crystals was 1*202 g. (92*5%) ; [a]}?" was 

— 32*7° (chloroform), corresponding to a mixture of 90% " p with 10% ** a The material was 
therefore treated with 0*lN-sulphuric acid for 6 hours, and the /5-diacetone fructose isolated by partition 
into chloroform. 1*010 G. of needles were obtained, corresponding to 93*5% of the /5-diacctone com- 
pound estimated to be present in the product of the acetone treatment. The material had [a]if* 
(chloroform) — 24*8° (c, 5*78), and after recrystallisation from ligroin (b. p. 60 — 80°) melted at 95 — 96°. 

Action of Acetone containing 5% of Sulphuric Acid on Some Monosaccharides. — The finely powdered 
sugar was shaken for 6 hours (unless stated to the contrary) with 20 parts (v/w) of acetone containing 
5% (v/v) of the catalyst. The reaction mixture was treated as in the preparation of a-diacetone fructose, 
and the product isolated ly triple chloroform extraction from water. 

(a) (f-Glucose (5 g.). Crude yield (crystalline) 4*59 g. (63%) ; recrystallised from ligroin (b. p. 60 — 
80°), 3*84 g. (53%), m. p. 110°; [aJlf* (chloroform) - 12*3° (c, 5*6). 

(h) if-Galactose (5 g.). After 24 hours, 0*9 g. of sugar remained undissolved; yield (syrup) 3*55 g. 
(90%); Wi)®’ (chloroform) - 55*0° (c, 2*14), (water) - 42*8° (c, 2*77). 

(c) d-Mannose (2 g.). 1*802 G. of crystals, m. p. 123°, were obtained. This material was pure, 

the m. p. not being raised by crystallisation from ethanol ; (methanol-water, 2 : 3) showed down- 

ward mutarotation, from 4- 7*8° to -f 3*9° (const, after 24 hours) (c, 1*29). In chloroform solution 
(c, 5*9) similar behaviour was observed, [ajo falling from -f- 8*7° to a constant value (24 hours) of -f 5*7°. 

(d) d-Fructose (5 g.J. The crude product was treated with cold 0*lN-sulphuric acid^ for 6 hours. 
The yield of pure material (from ligroin, b. p. 60 — 80°) was 5*40 g. (75*8%), m. p. 95°, [aJif* (chloroform) 

— 24*6° (c, 3*9). 

(e) /-Fucose. 535 Mg. yielded 670 mg. (84%) of syrup which crystalli.sed (needles), m. p. 35 — 37°. 



1464 The Separation of d-Frmtose from Other Natural Sugars, ^c. 

Distillation in a high vacuum failed to raise the m. p. Recrystallisation was readily effected from 50% 
aqueous methanol, yielding needles, m. p. 35—36®, [a]^’ (chloroform) + 53*6® (r, 2’36). 

(/) /-Arabinose (5 g.). Crude yield, crystalline, 6*59 g. (86%). Recrystallised from water, the 
substance, 4*80 g. (66*6%) had rn. p. 41 — 42® and [a]^’ (water) 4 * 5*4® (c, 2*88), (chloroform) — 13*2® 
{c, 4*2). 

(g) if-Xylose (2 g,). Crude yield (syrup) 1*82 g. (59*5%), [ajjf* (water) -f- 13*0® (c, 1*32), (chloroform) 
-f 5*0® (c, 2*68). 

(h) d“Ribose. 270 Mg. yielded 129 mg. of a S5rrupy ** monoacetone ** condensation product. 
Although a reasonable yield is in each instance obtainable by the above procedure, it is emphasised 

that, the preparation of jS-diacetone fructose excepted, methods already described in the literature may 
for individual examples prove superior. 

Recovery of Acetone Sugars after Treatment with Cold 0'\N-Suiphuric Acid . — ^Weighed amounts of 
the sugars were condensed with acetone (5% sulphuric acid) for 6 hours, and the products, isolated by 
the procedure described above, subjected to the action of 0-lN-sulphuric acid at room temperature for 
the times stated. Any material extractable by chloroform was then recovered and weighed. The 
findings are tabulated below ; 


Chloroform-extractable material : 

Yield (%) of Diacetone cpd. 


Sugar. 

Wt. used, 

Wt., mg. 

sugar taken. 

resistant to 

mg. 

Hrs. in acid : 2. 

6. 

2. 

6, 

O-lN-HaSO^, %. 

d-Glucosc .... 

.... 500 

82 

0 

11*3 

0 

0 

<f-Mannose 

600 

80 

0 

11*0 

0 

0 

Xylose .... 

500 

49 

0 

6*4 

0 

0 

/-Rhamnose . 

.... 600 

66 

* 0 

8-9* 

0 

0 

d-Ribose 

.... 270 

— 

60 *t 

— 

14*6* 

— 

d-Galactose . 

.... 390 

346 

340 

68 

65 

95*6 

/-Arabinose . 

.... 600 

663 

663 

86*4 

86*4 

100 

/-Fucose 

.... 536 

670 

633 

84*2 

83*3 

94*4 


* Monoacetone derivatives. 

t 'J his material is probably a mixture of 2 : 3-monoacetone ribofuranose with the anhydro-derivative 
described by Levene and Stiller (/. Biol, Chem., 1933, 102, 187) ; sufficient material was not available 
for accurate investigation. 

Monoacetone d-ribose is considered by Levene and Stiller {loc. cit.) to be substituted in positions 
2 and 3 and to have a furanose ring ; the behaviour of the crude product described above is intermediate 
between those compounds which have furanose rings and those resistant substances where the sugar 
ring is pyranose. It is possible that the acid-resistant portion is the anhydro-fraction of the crude 
material. 

Fission of Sucrose : Separation of ^'Fructose from d-Glucose. — 1*00 G. of finely powdered sucrose was 
shaken for 6 hours with 20 ml. of dry acetone containing 1*25 ml. of sulphuric acid. The crude product, 
isolated by the customary procedure, was a crystalline mixture of diacetone glucose with the two diacetone 
fructoses. Treatment of this with O-lN-sulphuric acid for 6 hours, followed by partition between chloro- 
form and water, yielded 0*66 g. (86*8%) of crystalline material which, after recrystallisation from 
ligroin (b. p. 60 — 80®), weighed 0*593 g. (78%) and had m. p. 95® and [a]}?* (chloroform) — 24*7® (c, 5*2). 

Separation of p-Diacetone Fructose from a Mixture of Seven Monosaccharides. — A mixture of 200 mg. 
of each of the following sugars was treated in the manner described for the foregoing experiment : 
d-glucose, tf?-galactose, ^f-mannose, /-arabinose, ^f-xylosc, /-rhamnose, and ef-fructose. After the acid 
treatment the crude product became partly crystalline. As it weighed 450 mg. it obviously contained 
diacetone galactose and diacetone arabinose as well as j8-diacetone fructose. The crystals were drained 
on porous tile, after trituration with ice-cold ligroin (b. p. below 40®) : recrystallisation in the usual way 
yielded 90 mg. of jS-diacetone fructose, m. p. 95® alone or mixed with authentic substance. 

Separation of Fructose, as the 1 : 2’Monoacelone Derivative, from d Sugar yielding an Acid-stable 
Diacetone Derivative. — If the mixture of sugars is condensed with acetone containing 0*3% of sulphuric 
acid as catalyst, as noted above, the fructose yields the acid-unstable o-diacetone derivative. (Galactose 
and arabinose yield 11% and 90% of their respective diacetone derivatives.) A mixture of 1*008 g. 
of a-diacetone fructose with 1*046 g. of diacetone galactose was kept in 0*lN-sulphuric acid solution for 
4 hours at 16®. The unchanged diacetone galactose was extracted with chloroform, as in preceding 
experiments. The aqueous ^ase was made alkaline (phenolph^alein) with potassium hydrogen 
carbonate and heated at 100° for 30 minutes to destroy traces of reducing sugar. The solution was 
then evaporated, and the solid residue extracted three times with 50 ml. portions of boiling, dry ethyl 
acetate. On evaporation of this extract, 0*76 g. (89%) of nearly pure, crystalline 1 : 2-monoacetone 
<f-fructose was obtained; m. p. 119®, [o]i?*^ (water) — 158*8°. After recrystallisation from dry ethyl 
acetate, the m. p. rose to 121 — 122® and [a]J?* (water) was 159*4® (c, 3*4). ‘ From the chloroform phase 
of the partition 0*981 g. of diacetone d-gal^tose was recovered after evaporation of the solvent. 

The author is grateful to Professor A. R. Todd and Dr. E. G. V. Percival for gifts of ^f-ribose and 
/-fucose. The financial support of the Agricultural Research Council is thankfully acknowledged. 
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278. The Reaction between Trialkyl Phosphites and Alkyl Halides. 

By A. H. Ford-Moore and J. Howarth Williams. 

The rearrangement of trialkyl phosphites (Arbusov) has been extended so as to afford a 
simple method for preparing the dialkyl esters of alkyl- and halo-alkyl-phosphonic acids. 
When the halogen (bromine) atom in diethyl halogeno-alkylphosphonates is in the /5-position 
to the phosphorus, hydrogen bromide is readily lost, giving dialkyl alkylenephosphonates. 


The Arbusov rearrangement in its simplest form {Chem. Zentr., 1906, II, 1640) consists of the iso- 
merisation of a trialkyl phosphite to a dialkyl alkylphosphonate (in 96% yield) by warming it 
with the corresponding alkyl iodide. Arbusov and Kushkova (/. Gen, Chem. Russia, 1936, 6, 
283) extended the reaction to methylene iodide and found that when this compound was heated 
with triethyl phosphite (I), diethyl iodomethylphosphonate could be isolated from the reaction 
mixture. 

Later, Kosolapoff (J. Amer, Chem, Soc., 1944, 66, 1511) reinvestigated the reaction between 

(I) and butyl bromide, hexyl bromide, ethylene bromide, and trimethylene bromide. He 
EtO O found that when the first three bromides were heated with (I), ethyl bromide 

Np/ was eliminated and some diethyl ethylphosphonate (II) formed. He was unable 
EtO^ ^Et to isolate any other product of the reaction. With triraethylene bromide, he 
(f f •) obtained some tetraethyl trimethylenediphosphonate and diethyl 3-bromopropyl- 

phosphonate, the latter as the free acid after hydrolysis. 

In our hands, the Arbusov rearrangement was found to be of much wider application and 
can be used for preparing several series of compounds. In all cases except one (in which 
trM5<?propyl phosphite was used), the reaction was carried out with (I). 

When (I) is warmed with an equimolar quantity of methyl iodide for a short time, a vigorous 
reaction sets in, and, on fractionation of the product, almost quantitative yields of ethyl iodide 
and diethyl methylphosphonate (III) are obtained. The reaction between methyl iodide and 
triisopropyl phosphite proceeds even more easily, the products being isopropyl iodide and 
diisopropyl methylphosphonate. 

The interaction of (1) and ethylene bromide was next examined. If the reaction is carried 
out under reflux, the mixture on fractionation gives ethyl bromide, a considerable amount of 

(II) , and a high boiling residue. 

The reaction between (I) and methyl iodide gives strong support to the suggestion that 
the rearrangement takes place through the formation of an unstable phosphonium halide. In 
this particular case, the larger radical is ehminated as halide : 


P(OEt )3 -I- Mel 

(I.) 



EtO. .O 

EtO^^^Me 
(III.) - 


+ 


EtI 


It seemed probable, therefore, that, in the reaction between (I) and ethylene bromide, if 
the ethyl bromide were allowed to escape, the amount of high-boiling residue formed would 
increase at the expense of the (II). This was found to be so. When the reaction was carried 
out under a column so that the ethyl bromide distilled out as fast as it was formed, the residue 
of high-boiling material was considerably greater. This, on further distillation at 1 — 2 mm., 
was found to be a mixture of diethyl 2-bromoethylphosphonate (IV) and tetraethyl ethylene- 

EtO/ \oEt 

(V.) 


EtOv 

EtO/ \cH,-CH*Br 
(IV.) 


1 : 2-diphosphonate (V). Contrary to the observation of Kosolapoff {loc, cit.), they both appear 
to distil at this pressure without decomposition. 

This reaction can be extended to primary alkyl bromides. With 7z-hexyl bromide or 
higher homologues, the reaction proceeds very smoothly giving ethyl bromide and a small 
amount of (II), most of the product consisting of the diethyl alkylphosphonate, isolated by 
distillation in a vacuum. The reaction of (I) with w-amyl bromide goes less easily; with 
«-butyl bromide and woamyl bromide, it takes place very sluggishly; ethyl bromide is slowly 
evolved, a considerable amount of (II> is formed, and the yield of alkylphosphonate is poor. 
No reaction between secondary bromides, such as cyclohexyl bromide and 2-bromo-octane, 
and (I) takes place. 
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When methylene bromide is used, the reaction goes slowly and a poor yield of tetraethyl 
methylenediphosphonate results, the bromomethylphosphonic ester being almost entirely 
absent. No difficulty is experienced in obtaining the methylenediphosphonate when methylene 
iodide is used in place of the bromide, the iodomethylphosphonic ester being formed simul- 
taneously (cf. Arbusov and Kushkova, loc. dt,). With trimethylene bromide, we had no 
difficulty in obtaining tetraethyl trimethylenediphosphonate, but we were unable to prepare 
the brpmopropylphosphonate either pure or in any quantity. 

(IV) undergoes an interesting reaction on treatment with triethylamine in dry benzene. 
Triethylamine hydrobromide is formed, and diethyl vinylphosphonate (VI) can be isolated 
from the residue by distillation under reduced pressure. This reaction recalls the preparation 
of divinyl sulphone (VII) from 2 : 2'-dichlorodiethyl sulphone (VIII) (Alexander and McCombie, 
1931, 1913) : 

EtOv yO 


(IV) + NEta 




HXH, 


-f NHEtj Br 


(VI.) 


SO, 


.CHa*CHj,Cl 


CHa-CHj( 
(VIII.) 


,C1 


+ 2NEta 


XHXHg 

SO^ 4- 

^CHXHa 

(VII.) 


Unlike (VII), which reacts with thiophenol with evolution of heat [to give 2 : 2'-bis(phenyl- 
thioethyl) sulphone], no reaction takes place between thiophenol and (VI). 

Since secondary bromides do not enter into this reaction, we hoped to prepare diethyl 
2-br9mopropylphosphonate (IX) by the interaction of propylene bromide and (I) ; (IX) should 
lose HBr on treatment with triethylamine to give diethyl propenylphosphonate (X) : 


(IX.) 


EtO. 

EtO^ NCHj-CHBr’CHj 



(X.) 


When (I) and propylene bromide are heated, ethyl bromide distils but no trace of (IX) can be 
isolated, the product consisting of (II) together with a rather poor yield of (X). 

The (I) used in these reactions was prepared by the method of McCombie, Saunders, and 
Stacey (/., 1945, 380) who obtained it by the action of phosphorus trichloride on ethanol in 
ether in the presence of dimethylaniline. We found that the dimethylaniline could be replaced 
with advantage by diethylaniline and the ether by light petroleum (b. p. 40 — 60°). The 
diethylaniline hydrochloride formed is non-hygroscopic, a 96% recovery of the base is obtained 
without difficulty, and the yield of (I) is at least 85%. 


Experimental. 

Triethyl Phosphite (1). — This, prepared in 87 — 92% yield by the method of McCombie, Saunders, 
and Stacey (loc, cit.) but with light petroleum (b. p. 40 — 60°) and diethylaniline in place of ether and 
dimethylaniline, had the following constants i b. p. 62°/14 mm., 67'6°/19 mm. (McCombie, Saunders, 
and Stacey give b. p. 48°/12-6 mm.), 0*963, wiJ'®* 1*4140. 

Triwopropyl phosphite was prepared similarly, but owing to the closeness of its b. p, to that of 
diethylaniline, an equivalent amount of pyridine, or, better, triethylamine was used in place of the former. 

Diethyl Methylphosphonate (III). — (I) (66 g.) and methyl iodide (50 g.) were renuxed gently for 2 
hours on a steam-oath. On distillation at ordinary pressure, ethyl iodide (50 g.) was recovered. The 
residue distilled in a vacuum gave diethyl methylphosphonate (52*5 g. ; 96%), b. p. 64 — 65°/2 mm., 
1*4120 (Found: C, 39*18; H, 8*83. C,H„0,P requires C, 39*47; H, 8*66%). 

Diisopropyl methylphosphonate was obtained similarly from triisopropyl phosphite and methyl iodide 
in 96% yield. The reaction is vigorous and the conversion complete within a few minutes; b. p. 
66°/3 mm., 1*4120 (Found : C, 45*96; H, 9*63. C^H^AP requires C, 46*66; H, 9*44%). 

The Diethyl Alkylphosphonates. — Diethyl ethylphosphonate (II) was prepared in 95% yield by the 
method of Arbusov (loc. cit.) from (I) and ethyl iodide; b. p. 62°/2 mm., djjt, 1*032, wjf* 1*4172. 

Diethyl n^dodecylphosphonate. (I) (62*6 g.) and w-dodecyl bromide (94 g.) were heated under a column 
attached to a condenser set for distillation. At about 160°, ethyl bromide started to distil. After 
about 1*5 hours, ethyl bromide (31*5 g.) stopped distilling and the mixture was fractionated under 
reduced pressure to give : (II) (7 g.), b. p. 60 — 70°/3 mm. ; dodecyl bromide (8 g.), b. p. 124°/1 mm. ; 
diethyl n-dodecylphosphonate (73 g.), b, p. 160°/1 mm., w}?®* 1*4419 (Found: C, 62*86; H, 11*60. 
requires C, 62*74; H, ll*610^y 

The following esters were obtained similarly. Diethyl n-hutylphosphonate, b. p. 74°/ 1 mm., 
1*4244 (Found : C, 47*40; H, 10*21, CgH^OjP requires C, 49*49; H, 9*86%). Diethyl n-amylphosphon- 
ate, b. p. 86°/l*6 mm., 1*4282 (Found : C, 6M2; H, 10*36. CgH,iO,P requires C, 61*90; H, 
1017%). Diethyl n-hexylphosphonate, b. p. 103°/2 mm., w}?* 1*4311 (Found: C, 63*34; H, 10*58 
CioHjaOjP requires C, M*08; H, 10*43%). Diethyl n-heptylphosphonate, b. p. 118°/ 1*9 mm., 
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1-4326 (Found; C, 64-90; H. 10-87. CiiH„0,P requires C, 66-90; H, 10-66%). Diethyl n-octyl- 

« honate, b. p. 119°/l-2 mm., «{,*’ 1-4360 (Found; C, 67-64; H, 10-88. C„H,,0,P requires C, 
; H, 10*88%). Diethyl Z-methyl-n-hutyUl-phosphonate, b. p. mm., 1*4266 (Found : 

C, 61*64; H, 10*26. CgH,iO,P requires C, 61*90; H, 10*17%). 

Diethyl 2-bromoethylphosphonate (IV). (I) (83 g. ~ 0*5 mol.) and ethylene bromide (141 g. = 0*75 

mol.) were heated as in the preparation of the dodecylphosphonic ester described above. The reaction 
was complete in about two hours, 48 g. of ethyl bromide having distilled. The residue on fractionation 
under reduced pressure gave the following products : recovered ethylene bromide, 77 g. ; (II) b. p, 
60 — 70®/3 mm., 15 g.; diethyl bromoethylphosphonate, b. p. 101®/0*8 mm., wU*®’ 1*4600, 48*5 g. (Found : 
C, 29*71; H, 6*96. CaHi408BrP requires C, 29*40; H, 5*76%); tetraethyl ethylenediphosphonate, 
(q.v,), b. p. I6771 mm. 

Diethyl iodomethylphosphonate, b. p. IOI70 7 mm., 1*4975 (Found : C, 21*94; H, 4*58. Calc, 
for C.HjjOsIP : C, 21*60; H, 4*36%) and tetraethyl methylenediphosphonate, b. p. 14371 ’5 mm, wj)®’®* 
1*4312 (Found : C, 36*68; H, 7*67. CgHaaOgPa requires C, 37*51; H, 7*70%) were obtained similarly 
by substituting methylene iodide for ethylene bromide. Tetraethyl methylenediphosphonate was also 
obtained by using methylene bromide in place of methylene iodide, but in poor yield; the expected 
diethyl bromomethylphosphonate was almost entirely absent. 

Diethyl vinylphosphonate (VI). (IV) (48*5 g.), triethylamine (22 g. = 30 c.c.), and benzene (70 c.c.) 
were refluxed for 1 hour. After standing overnight, the triethylamine hydrobromide was filtered off, 
the benzene distilled from the filtrate, and the residue fractionated under reduced pressure. Diethyl 
vinylphosphonate (26 g.), w},®' 1*4320, distilled at 6372*5 mm. (Found : C, 43*54; H, 8*37. C.Hi.O.P 
requires C, 43*88; H, 7*98%). 

Tetraethyl ethylenediphosphonate (V). (I) (157 g.), and ethylene bromide (100 g. = 47 c.c.) were 

allowed to react as in the preparation of (IV) and the product was worked up similarly. Ethyl bromide 
(76 g.) distilled during the reaction, and the residue gave the following fractions : (II), b. p. 66 — 60°/2 
mm., 66 g. ; (IV), b. p. 99 — II67I mm., 18 g. ; tetraethyl ethylenediphosphonate, b. p. 167°/1 mm. 
(18072*6 mm.), 71 g., w}?*® 1*4425 (Found: C, 39*26; H, 7*96. requires C, 39*73; H, 

8 * 00 %). 

Tetraethyl trimethylenediphosphonate. This was made similarly from (I) and trimethylene bromide; 
it had b p 17670*8 mm.. «}? ®’ 1*4508 (Found : C, 40*34; H, 8*18. Calc, for CnHgoOePjj : C, 39*73, 
H, 8*29%). 

When (I) and 1 : 2-dibromopropane were similarly treated, no diethyl 2-bromopropylphosphonate 
could be isolated. After repeated fractionation under reduced pressure, the product was diethyl 
propenylphosphonate (X), b. p. 78 — 81®/2 mm., 1*4320 (Found: C, 46*60; H, 8*79. C^HirO^P 
requires C, 47*19; H, 8*49%). 

The microanalyses were carried out by Mr. W. Brown. The consistently low values found for 
carbon are probably due to the difficulty in effecting the complete combustion of these substances. 

St. John’s Isle, 

Salisbury, Wiltshire. [Received, January Ibth, 1947.] 


279. Lanosterol. Pari IV. Hydrocarbons formed hy the Action of 

Dehydrating Agents. 

By Charles DorSe, James F. McGhie, and Frederick Kurzer. 

Phosphorus oxychloride and pentachloride have proved effective dehydrating agents in the 
lanosterol group. Thus, dihydrolanosterol, according to the reagent and conditions employed, 
yields two isomeric hydrocarbons of the formula CjoHjoi a-lanostadiene, and isolanostadiene, 
respectively. Dihydroagnosterol (y-lanosterol) and other members of this series are dehydrated 
with equal facility to the corresponding hydrocarbons. A new alternative method for the 
preparation of a-lanostene (Ruzicka et al., Helv. Chim. Acta, 1944, 27, 479) is also described, 
ana the relationship between these hydrocarbons is discussed in connection with the position 
of the unsaturated centres in the molecule. 

The experimental facts established in previous researches in regard to lanosterol are the formula, 
CaoHs^O, and the presence of one secondary hydroxyl group and two double bonds — one reactive 
and one inert — ^in a tetracyclic, triterpenoid nucleus, with a side-chain of at least four carbon 
atoms terminating in an isopropylidene group, in which the reactive double bond is incorporated. 
It was known that the lanosterol fraction obtained from wool-grease contained approximately 
10% of the analogous triply unsaturated alcohol agnosterol, C 80 H 48 O. More recently, Ruzicka 
et al. (Helv. Chim. Acta, 1944, 27, 479; ibid., 1945, 28, 759) have recognized the presence of 
both dihydrolanosterol and dihydroagnosterol, and lanosterol has been shown to be identical 
with the cryptosterol of yeast. The agnosterol compounds can be removed by exhaustive 
crystallization, leaving a non-separable mixture of lanosterol and its dihydro-derivative, which 
hitherto has been described as lanosterol. Lanosterol (cryptosterol) has been obtained from this 
by oxidation, followed by separation and reduction of the ketones. The non-separable mixture,, 
on hydrogenation, yields pure dihydrolanosterol which is suitable for experimental work. 
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An examinatian of the hydrocarbons derived from lanosterol and its analogoes was undertaken 
to obtain evidence of the relationship between lanosterol and other tetracyclic triterpenes, and 
to make available new compounds for structural investigation. The fully saturated parent 
hydrocarbon lanostane has not yet been obtained. Lanostene, corresponding to lanosterol, 
and hydrocarbons derived from dihydrolanosterol, dihydroagnosterol (y-lanosterol), " and 
iscdihydrolanosterol have been prepared by Ruaicka et al, {locc, cit.). The procedure employed 
in each case was to prepare the ketone, the semicarbazone of which was reduced, according 
to the Wolff-KLshner method, with sodium and ethanol under pressure. A simple and 
convenient modification has now been found in the direct reduction of ketone to hydrocarbon, 
using a modified form of the Clemmensen reaction with amalgamated zinc and hydrochloric 
acid. Under the conditions of experiment the hydrochloric acid does not cause bond- 
movement, and good yields of the desired hydrocarbons are readily obtained, 

A systematic examination of the action of dehydrating agents on dihydrolanosterol has 
resulted in a new approach to hydrocarbons containing an additional double bond. In the 
dehydrations studied, the unsaturated linkage would be introduced by the removal of the 
hydroxyl group and the hydrogen of an adjacent carbon atom of the ring system. Provided that 
bond-movement does not take place, therefore, the location of the newly formed double bond is 
limited with great probability to a single position in the ring containing the hydroxyl group. 

Most of the dehydrating agents that have been successfully employed in the case of the 
sterols and triterpenes were found unsuitable for dehydration in the lanosterol series. Anhydrous 
copper sulphate in xylene, activated alumina at temperatures up to 250°, ^-toluenesulphonyl 
chloride in boiling pyridine, and acetic anhydride-sulphuric acid mixtures failed to yield products 
of dehydration. On the oth^ hand, the halides and oxyhalides of phosphorus, particularly the 
oxychloride and pentachloride, proved highly satisfactory, giving hydrocarbons smoothly and 
in excellent yield. 

Phosphorus oxychloride, applied by Heilbron (/., 1936, 1223) in the conversion of lumisterol 
into lumistatetraene, when acting on dihydrolanosterol under analogous conditions gave a 
non-homogeneous reaction product from which oL-lanostadiene was isolated. y-Lanosterol 
(dihydroagnosterol) similarly gave a trebly unsaturated hydrocarbon, y-lanostatriene, 
a-Lanostadiene showed no characteristic absorption in the ultra-violet, but y-lanostatriene gave 
absorption maxima almost identical with those of y-lanosteryl acetate (Bellamy and Dor^e, 
1941, 178), indicating that the system of conjugated double bonds is still present. The newly 
formed unsaturated linkage is remote from this system, as the characteristic absorption curve is 
not altered, though the intensities are higher in the case of the hydrocarbon, as shown by the 
following measurements ; 

Anuut.^- ^nuix.,. ^Vcax.* 


y-Lanosteryl acetate 238 300 246 380 260 260 

y-Lanostatriene 237 400 243 440 264 320 


Lanostadiene has an increased reactivity due to the additional double bond wliich, unlike 
the inert double bond in dihydrolanosterol, shows a reactivity approaching that of an ethylenic 
linkage. Its probable location in the terminal ring of the triterpene molecule, already suggested 
by its mode of formation, is supported by the properties of the hydrocarbon. Thus, 
oc-lanostadiene readily adds two atoms of hydrogen in the presence of contact catalysts forming 
a-lanostene, which is identical with Ruzicka's dihydrolanostene obtained by Wolff-Kishner 
reduction of dihydrolanostenone semicarbazone. Similarly, a-lanostene rapidly absorbs two 
atoms of bromine ; the addition product is highly labile, however, and decomposes at once forming 
a halogen-free compound, provisionally designated isomer X. Lanostadiene is readily isomerized 
by hydrogen chloride yielding ^-lanostadiene ^ and it can be dehydrogenated to yield products of 
still higher unsaturation. The action of either selenium dioxide in anhydrous ethanol or 
JS^-bromosuccinimide afford excellent yields of %4anostatriene. This trieiie shows no absorption 
in the ultra-violet, indicating the absence of a system of conjugated double bonds, and its 
non-identity with y-lanostatriene. 

Opening of the terminal ring of a-lanostadiene by controlled oxidative fission under various 
conditions has been attempted, but no crystallisable substances have so far been isolated*from 
the large yields of acidic reaction products obtained. 

Phosphorus pentachloride has also proved a useful dehydrating reagent. a-Amyranonol, 
for example, in lig^t petroleum solution is converted into a-amyradienone (Spring and 
Vickerstaff, 1937, 251), while 3(P)-acetoxycholestan-7-'‘ p ”-ol can be similarly dehydrated 
using the reagent in the presence of calcium carbonate in anh)^rou8 media (Wintersteiner and 
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Moore, J, Amer, Chem, Soc,, 1943, 65 , 1507). Phosphorus pentachloride, acting on 
dihydrolanosterol in boiling light petroleum solution, gave excellent yields of a doubly 
unsaturated hydrocarbon, isolanostadiene. Wieland, when dehydrating dihydrocryptosterol 
by high vacuum distillation with boron trioxide at 360° (Wieland and Joost, Annalen, 1941, 
546 , 119) obtained a crjrptostadiene, C 30 H 50 . Since the identity of lanosterol and cryptosterol 
has been established by Ruzicka et al, (Helv. Chim, Acta, 1946, 28, 759) and by ourselves, there 
seems little doubt that tsolanoStadiene is identical with Wieland’s cryptostadiene. 

isoLanostadiene and a-lanostadiene, prepared from dihydrolanosterol by the action of 
phosphorus pentachloride and oxychloride respectively, are isomeric. Unlike a-lanostadiene, 
tsolanostadiene does not undergo hydrogenation, does not readily absorb bromine, and is 
considerably more resistant to chromic acid oxidation. The double bond, in wolanostadiene is 
therefore far less reactive than that in a-lanostadiene, and its absence from the six-membered 
terminal ring (presumably owing to bond movement) can be assumed. This view is supported 
by spectrometric evidence. While a-lanostadiene is transparent over the spectral range in the 
ultra-violet, i^olanostadiene shows a distinct absorption maximum at 236 mp, suggesting the 
presence of a system of conjugated double bonds and consequently the close proximity of the 
centres of unsaturation. If the isomerism of the two products, however, was entirely due to the 
migration of the reactive double bond of a-lanostadiene under the influence of hydrochloric acid, 
a-lanostadiene should be readily convertible into the i5o-compound by treatment with anhydrous 
hydrogen chloride. As already mentioned, however, a-lanostadiene when treated with either 
hydrogen chloride or phosphorus pentachloride does not yield isolanostadiene, but an entirely 
new isomer, p-lanostadiene. The observed facts can therefore not be accounted for by a 
consideration of geometrical isomerism alone. A retropinacoline rearrangement of the type 
recently described by Ruzicka et al. (Helv. Chim. Acta, 1946, 28, 767, 942, 1628; 1946, 29, 210), 
occurring when a-amyranonol, lupeanol, and oleanolic acid lactone are treated with phosphorus 
pentachloride, may possibly take place in the analogous formation of isolanostadiene. 
Experiments to obtain further information on the nature of these isomers are in progress. 

Phosphorus pentachloride has proved equally satisfactory in the dehydration of related 
compounds. When applied to y-lanosterol (dihydroagnosterol), for example, the procedure 
furnishes good yields of ri^o-y4anostatnene. 

The relationships of these hydrocarbons are shown in the scheme below : 

y-Lanostatriene, C 80 H 48 iso-y-Lanosiatricne , Q 0 H 4 S 

(m. p. 94—98'^) (m. p. 130—132°) 


y-Lanosterol 



Isomer X, a-Lanostatriene, C«H., j 8 -Lanostadiene, CgoHjo 

(m. p. 84r— 86°) (m. p. 82—84°) (m. p. 74r— 76°) 


Experimental. 

Melting points are uncorrected. The rotation measurements, for which the authors are indebted to 
Mr. H. Heath, were made in chloroform solution at 15°. 

a^Lanostene {** Dihydrolanostene **). — ^A hot solution of dihydrolanostenone (5 g. ; 1 mol.) in glacial 
acetic acid (160 ml.) was added to amalgamated zinc filings (40 g. ; 60 mols.) and the mixture boiled. On 
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addition oi concentrated hydrochloric acid (40 mh : 30 xnola.) vigorous reaction took place; and refluxing 
was contmued for 1} hours. The clear acetic acid solution was poured into water (000 ml.) and the 
crude dihydrolanostene, separating as a white flocculent precipitate, isolated by extraction with ether. 
The extracts were wash^ with sodium hydroxide solution and with water until neutral, and the colourless 
oily residue obtained on removal of the solvent further purified by filtration of its petroleum solution 
through alumina. After 3 recrystallisations from chloroform-methyl alcohol (1 : 6), o-lanostene 
(2 — 2‘6 g.), m. p. 73 — 74°, [ajo + 66-2° (c, 0*90). was obtained in lustrous plates (Found : C, 87*58; H, 
12*40. Calc, for C,oH„ ; C. 87*38; H, 12*62%). 

y-Lanostene. — (a) y-Lanostenone, when treated with amalgamated zinc as described above, gave 
40 — 50% yields of y-lanostene, forming shining plates, m. p. 89 — 91°, [alu -f 77° (c, 1*04) (Found; 
C, 87*99; H, 12*06. Calc, for CgoH^ ; C, 87*81; H. 12*19%). 

(6) A solution of dihydrolanostene (3 g. ; 1 mol.) was refluxed with excess of selenium dioxide (3 g. ; 
4 mols.) in glacial acetic acid (60 ml.) for 2 hours. The separated selenium was removed, and the filtrate 
deposited crystalline y-lanostene on cooling and standing. After two recrystallisations from chloroform- 
ethyl acetate-methyl alcohol (1:1:4), pure y-lanostene, m. p. 90 — 92°, was obtained. 

a-Lanostadiene. — To a solution of dihydrolanosterol (10 g. ; 1 mol.) in pyridine (100 ml.) excess of 
phosphorus oxychloride (16 ml. ; 7 mols.) was added slowly with shaking. The temperature of the 
mixture rose sharply to 80°. After being heated on the steam-bath for 1 J hours, the whole was boiled 
gently for 3 minutes and allowed to cool to room temperature. The dark brown liquid was then slowly 
treated with water under cooling; the crude reaction product then appeared in suspension. After 
repeated extraction with ether, the combined extracts were shaken with concentrated hydrochloric acid 
to remove pyridine, followed by repeated washings with distilled water until nearly neutral. The yellow 
mobile oil obtained, on removal of the solvent, was taken up in light petroleum (500 ml.) and filtered 
through a 25 g. alumina column. A clear colourless eluate was obtained. The yellow oil remaining 
after distillation of the solvent was crystallised from chloroform-acetone-methyl alcohol (30, 30, and 
100 ml. respectively) to give good yields (ca. 7 g.) of a white inicrocrystalline mass. The material 
melted between 95° and 112° (signs of sintering at 85°). After repeated crystallisation from 
chloroform-methyl alcohol, a-lanostadiene, pi p. 114 — 117°, was obtained in minute white needles 
(2*5 — 3 g.). From the mother liquors there resulted a further crop (3 — 4 g.) of inferior material. The 
final fractions separated as an uncrystallisable oil (1 — 2 g.). 

a-Lanostadiene forms microcrystalline white needles, m. p. 116 — 118°, [a]p + 113* (c, 1,040), 
slightly Beilstein-positive, giving a brown colour with tetranitromethane. It is soluble in chloroform, 
ethyl acetate, and acetone, sparingly soluble in methyl alcohol and hot glacial acetic acid (Found : C, 87*73 ; 
H, 1 2*26. CjoHjo requires C, 87*81 ; H, 12*19%). Lanostadiene is optically transparent in the ultra-violet. 
It yields no addition product in the Diels- Alder reaction, and the absence of a system of conjugated 
double bonds may be inferred. It is readily reduced to a-lanostene. 

A solution of a-lanostadienc (2*5 g., 1 mol.) in glacial acetic acid (150 ml.) was treated with 
hydrogen at 100° at ordinary pressure in the presence of finely divided platinum. Absorption of 
hydrogen took plac« rapidly, a total of 115 ml. being taken up within 10 minutes (theory, 130 ml.). 
Shaking was continued for another 30 minutes. After removal of the platinum the filtrate was distilled 
in a vacuum to small bulk (20 ml.) and the crude reaction product isolated from the residue, previously 
diluted witb water (100 ml.), by extraction with ether. The ethereal extracts were washed with sodium 
hydroxide solution and with water and the solvent was removed. The residual oil, after filtration of its 
light petroleum solution through alumina, was crystallised thrice from chloroform-ethyl acetate-methyl 
alcohol, when a-lanostene was obtained in minute white plates, m. p. 70 — 74°, [a]D -f 65*7° (c, 0*666), 
showing no depression of the melting point in admixture wdth a-lanostene obtained by the reduction 
of dihydrolanostenonc (Found : C. 87*62; H, 12*40%). 

Isomer X, — a-Lanostadiene (3 ; 1 mol.), dissolved in anhydrous ether (60 ml.) was treated at 0°, 
within 5 minutes, with the theoretical amount of bromine dissolved in anhydrous ether (3*7 ml. of 10% 
v/v solution ; 2 g.-atoms). The bromine solution was decolourised instantaneously; after 10 minutes” 
standing at 0° the ether was removed under reduced pressure, the slightly fuming yellow oil taken up 
in light petroleum (b. p. 60—80° ; 200 ml.) and purified chromatographically. After three crystallisations 
from ethyl acetate-acetone-methyl alcohol, a halogen-free product, isomer X, m. p. 84 — 86°, [a]© + 124° 
(c, 0*372), was obtained in colourless lustrous elongated plates; ultra-violet absorption ^ectrum 
showed no absorption between 230 and 600 mft (Found : C, 87*78 ; H, 12*21. C,oHbo requires C, 87*81 ; 
H, 12*19%). 

a-Lanostatriene. — (a) a-Lanostadiene (4 g, ; 1 mol.) dissolved in ethanol (350 ml.) was treated with 
excess of selenium dioxide (3 g. ; 3 mols.) and refluxed gently for 8 hours. The solvent was removed in a 
vacuum, the dark brown residue taken up in ether, and freed from traces of selenium by extraction with 
sodium cyanide solution; The crude reaction product in light petroleum solution was filtered through a 
comparatively large alumina column (30 g.). The intense yellow colour of the eluate, however, was 
retained after two such purifications. On crystallisation of the residue from chloroform-acetone-methyl 
alcohol, a-lanostairiene, m. p. 82 — 84°, [ajo *4- 138° (c, 0*796), was obtained in pale yellow needles; 
no characteristic absorption betw*een 230 and 500 mu (Found : C, 88*12; H, 11*83. CaoH^g requires C, 
88*23; H, 11*76%). 

(5) a-Lanostadiene (2*5 g. ; 1 mol.), dissolved in anhydrous carbon tetrachloride (60 ml.), was 
refluxed with excess of IV-bromosuccinimide (1*6 g. ; 1*6 mols.) for 1 J hours. Hydrogen bromide was 
given ofl throughout the reaction. After cooling, the succinimide was removea, the filtrate washed 
until neutral and concentrated. The oily residue was purified through an alumina colunm, and, after 
three recrystallisations from chloroform-acetone-methyl alcohol, gave a-lanostatriene in lustrous 
needles, m. p. 82 — 84°, [a]© -f 136° {c, 0*362), identical with the product obtained by selenium 
dioxide dehydrogenation. 

p-Lanostadiene. — a-Lanostadiene (2*5 g.), dissolved in anhydrous chloroform (60 ml.), was boiled 
under reflux, and hydrogen chloride passed through the solution for 3 hours. The clear green liquid 
•obtained was washed until neutral and concentrated under reduced pressure. The residual oil, after 
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purification through alumina of its light petroleum solution, was crystallised thrice from chloroform- 
acetono-methyl alcohol, when p4ano$tadiene was obtained in white needles, m. p. 74 — 76®, [ajn + 128® 
(c, 0*806); no characteristic absorption between 230 and 600 m/t (Found: C, 87*76 H, 12*28. 
CsoHjo requires C, 87*81 ; H, 12*19%). 

y-Lanostatriene. — y-Lanosterol (3 g. ; 1 mol.), dissolved in pyridine (30 ml.) was treated with excess 
of phosphorus oxychloride (6 ml.' ; 10 mols.) at 100® for IJ hours. On isolation of the product as described 
under a-lanostadiene, colourless lustrous plates of y-lanostafriene were obtained in 60% yield, m. p. 94 — 98®, 
Wd 133® (c, 0*668) (Found : C, 88*06; H, 11*93. C 3 oH 4 g requires C, 88*23; H, 11*76%). Ultra-violet 
absorption spectrum; Maxima at 237, 243, 254 m/i; (Fj^^. = ^40, and 320 respectively), giving 

an absorption curve practically identical with that of y-lanosteryl acetate (/., 1941, 178). 

isoLanostadiene. — Dihydrolanosterol (10 g. ; 1 mol.) dissolved in light petroleum (160 ml,, b. p. 
60 — 80®), was treated with excess of phosphorus pentachloride (10 g. ; 2 mols.). Reaction took place 
with warming, and, after 2 hours at room temperature, dehydration was completed by refluxing for 
1 hour on the steam-bath. The phosphorus pentachloride dissolved rapidly, hydrogen chloride being 
evolved throughout the reaction. The clear liquid was allowed to cool, diluted with an equal volume of 
ether (200 ml.), and freed from excess of acid by several washings with water. After drying, the solution 
of the crude reaction product in light petroleum was filtered through alumina and the residue obtained 
after evaporation of the solvent crystallised three times from chloroform- methyl alcohol. Yield, 
76—86%, 

woLanostadiene forms lustrous needles, m. p. 146 — 148°, [a]o + 66*4° (c, 0*950), slightly Beilstein- 
positive, and giving a brown colouration with tetranitromethanc (Wieland and Joost, loc. cit., give 
m. p. 141 — 142° for cryptostadiene). It is soluble in chloroform, acetone, and ethyl acetate, sparingly 
soluble in methyl alcohol ; like a-lanostadiene, and in contrast to the other members of the lanosterol 
group, it is sparingly soluble in hot glacial acetic acid (Found : C, 87*80; H, 12*18. Calc, for CgoHjo : 
Q 87*81 ; H, 12*19%). Ultra-violet absorption spectrum : maximum at 235 m/x. 

iso-y-Lanostatriene. — y-Lanosterol (6 g. ; 1 mol.), dissolved in light petroleum (120 ml. ; b. p. 60 — 80°) 
and treated with excess of phosphorus pentachloride (6 g. ; 2 mols.) as described for isolanostadiene, gave 
good yields (60%) of iso-y-lanostatriene, m. p. 130—132°, [ajp -1-11® (c, 1*100), in colourless lustrous 
plates (Found: C, 88*14; H, 12*01. C 3 oH 4 g requires C, 88*23; H, 11*76). Ultra-violet absorption 
spectrum : maxima at 236, 242, and 261 m/x (Fj^ = 420, 450, and 340 respectively). Apart from 
higher intensities, the absorption curve was identical with that of y-lanostcryl acetate. 

Chelsea Polytechnic, London, S.W. 3. [Received, January lith, 1947.) 


280 . Aliphatic Nitro-compounds. Part I. Preparation of 
Niiro-olefins hy Dehydration of 2-Nitro-alcohols.* 

By G. D. Buckley and C. W. Scaife. 

Nitroethylene and 1- and 2-nitroprop-l-ene arc obtained in good yield by heating the 
appropriate nitro-alcohol with phthalic anhydride. The nitro-olefins are readily polymerised 
by alkali and decompose on heating; 2-nitroprop-l-ene decomposes rapidly even at room 
temperature. 

Although p-nitrostyrene and its analogues have long been easily accessible, it is only within 
the last few years that satisfactory preparative methods for the purely aliphatic nitro-olefins 
have been described. 

Four general methods are available all of which involve 2-nitroalkyl esters as intermediates : 
(a) reaction of olefins with nitrogen peroxide followed by treatment of the product with alkali 
(Levy and Scaife, 1946, 1100), (b) treatment of 2-nitroalkyl esters with mild alkali (Schmidt 
and Rutz, Ber., 1928, 61, 2142; Nightingale and Janes, J. Amer. Chem, Soc., 1944, 66, 352), 
(^) pyrol 5 rsis of 2-nitroalkyl benzoates (Blomquist, Tapp, and Johnson, J. Amer. Chem. Soc., 
1946, 67, 1619), and {d) distillation of the 2-nitroalkyl acetates with a trace of sodium or 
potassium acetate (U.S.P, 2,267,980). The first two methods are not applicable to the prepar- 
ation of nitroethylene and the nitropropenes owing to the ready polymerisation of the product. 

The direct dehydration of nitro-alcohols to nitro-olefins, though well known in the case 
of 2-nitro-l-aryl alcohols, has hitherto been effected with only one aliphatic nitro-alcohol, 
2-nitroethyl alcohol, which by treatment with potassium hydrogen sulphate gave a 50% yield 
of nitroethylene; this, however, cannot be used for more than a few grams of material at a 
time (Wieland and Sakellarios, Ber., 1919, 52, 898). 

Attempts to dehydrate 2-nitro-n-propyl alcohol with phosphoric oxide, potassium hydrogen 
sulphate, sulphuric acid, or zinc chloride failed to give any 2-nitropropene. 

When the alcohol was heated with phthalic anhydride at 170® under a short column (to 
hold back unchanged material) at reduced pressure, a mixture of water and 2-nitroprop-l-ene 


* Patent application pending. 
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(50 — 60% yield) distilled. 2-Nitroethyl and 2-nitrowopropyl alcohol under similar conditions 
gave nitroethylene and 1-nitroprop-l-ene respectively in 66 — 70% yield. The highest yields 
were obtained by using equimolecular parts of phthalic anhydride and nitro-aloohol, but, as 
the water formed distilled from the reactants, it was possible to reduce the anhydride to as 
little as 10 mol. %. Substituted phthalic anhydrides were equally effective. 

Nitroethylene was obtained as a pale yellow lachrymatory oil which was moderately stable 
to heat and light but darkened slowly on keeping. It polymerised readily on treatment with 
water (cf. Wicland and Sakellarios, loc, cit,) and violently in presence of a trace of alkali. 
2-Nitroprop-l-ene (Blomquist et ah, loc, cit.) was a pale yellow lachrymatory oil which rapidly 
turned green and decomposed to a black tar on being kept for a few days even in the dark ; 
no means of arresting this decomposition was discovered. It decomposed vigorously on warm- 
ing to 100° to give a complex mixture of products, and polymerised readily on treatment 
with alkalis. 1-Nitroprop-l-ene (Levy and Scaife, loc. cit.) resembled the two nitro-olefins 
described above, but was much more stable. It was apparently unchanged after one year's 
storage, and was unaffected by water, but polymerised vigorously on treatment with alkali, 
and decomposed on attempted distillation under atmospheric pressure. 

Experimental. 

Nitroethylene . — 2-Nitroethyl alcohol (100 g.) (Levy, Scaife, and Wilder-Smith, /., 1946, 1096) 
and phthalic anhydride (180 g.) were mixed in a distillation apparatus fitted with a short fractionating 
column and heated by means of an oil-bath The apparatus was evacuated to 80 mm. and the bath 
temperature maintained at 140 — 160° until the mixture was homogeneous. The bath temperature 
was then raised to 175° and held at 176 — 180° until distillation ceased. The distillate was dried (CaCl*) 
and re-distilled, giving nitroethylene (66 g.: 66*6% theory) as a pale yellow oil, b. p. 38 — 39°/80 mm. 

l-Nitroprop-l-ene . — 2-Nitrotsopropyl alcohol (105 g.) (I-evy and Scaife, loc. cit.) was brought into 
reaction with phthalic anhydride (160 g.) at 180°/6l> mm. as described above for 2-nitroethyl alcohol. 
l-Nitroprop-l-ene was obtained as a pale yellow oil (68*5 g. ; 67% theory), b. p. 64°/28 mm. 

2~Nitroprop-l~ene . — 2-Nitro-«-propyl alcohol (105 g.) (Vanderbilt and Hass, Ind. Eng. Chem., 1940, 
82, 34) was brought into reaction with phthalic anhydride (160 g.) at 176-— 180°/80 mm. as described 
above to give 2-nitroprop-l-ene as a pale yellow oil (48-6 g. ; 66*6% theory), b. p. 68°/90 mm. 

The authors wish to thank Dr. A. Lowe and Mr. R. H. Stanley for suggestions and assistance in 
carrying out this work, and Dr. N. Levy and Dr. H. A. Piggott for their interest and advice. 
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281 . Aliphatic Nitro-compounds. Part II. Conjiigated Nitro-dienes. 

By G. D. Buckley and (Mrs.) J. L. Cuarlish. 

Three conjugated nitro-dienes, viz. : S-nitropenta-l : Z~diene, 2^itro~3-methylbuta-l : 2-diene 
and l-(l-nitrovinyl)cyc\ohexene have been synthesised. These compounds are very unstable, 
and preliminary experiments on their addition reactions have yielded no identifiable products. 
l-(l-Nitrovinyl)cyc/ohexene readily forms a crystalline dimeride of unknown constitution. 

In view of the high reactivity of the a-nitro-olefins, it seemed likely that conjugated nitro-dienes, 
if they could be prepared, would form a useful starting point for novel synthesis. No attempt 
to prepare compounds of this type appears to be recorded in the literature, and it was therefore 
decided to apply to the problem the methods which are successful in the synthesis of the 
nitro-olefins. 

During the preparation of 2-nitroi5<?propyl acetate by acetylation of crude 2-nitroi5cpropyl 
alcohol formed by interaction of nitromethane and acetaldehyde (Henry, Bull. Soc. chim., 1896, 
18, 999), a large quantity of a high-boiling by-product was accumulated which on fractionation 
gave a mixture of diastereoisomerides of 2-nitro-2 : ^-diacetoxypentane (I), one of which was 
isolated in a pure crystalline state. On being heated with a small amount of sodium acetate, 
this material readily underwent fission to Z-nitropenta-l : Z-diene (II) and acetic acid. 

NO,-CH(CHMe-0-CO-CH,), — >.CH,-CH:C(NOa)-CH:CH, + CH,-CO,H 
(I.) (II.) 

Like the simple nitro-olefins, the nitro-diene was a powerful lachrymator and very unstable. 
It decomposed to a black tar under the influence of light or heat, even in the presence of quinol, 
but was apparently unchanged after several weeks in the dark. It did not polymerise on 
treatment with alkalis but was readily polymerised by peroxides to a dark brown low-melting 
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solid. It failed to react with aqueous sodium hydrogen sulphite and gave only tars on being 
warmed with maleic anhydride or fyc/opentadiene. With bromine in carbon tetrachloride a 
dark oil was obtained which could not be purified ; with piperidine an adduct was formed, but 
this was not further investigated. 

2’‘Nitro-S"methylbuta-l : S-diene was prepared from 1 -nitro-2-methylprop-2“ene by the 
following series of reactions. 

NaOEt 

CHtXMe-CHj-NO, + 2CH,0 — > CH,:CMe-C(N02)(CHa-0H)a CH,:CMe*CH(NOa)-CHj-OH 

(WI-) (IV.) 

NaOAc Y 

CH,:CMe-C(NO,):CH, ^ CHj:CMe-CH(NOa)-CHj,-0-CO-CH, 

(VI.) (V.) 


The diol (III) on treatment with sodium ethoxide afforded the alcohol (IV) (cf. Schmidt and 
Wilkendorf, Ber., 1919, 52, 389). Both the diol and the alcohol were difficult to purify, but for 
the preparation of (VI) this was immaterial, provided that the more stable acetate (V) was 
fractionated. The diene (VI) closely resembled the isomeric 3-nitropenta-l ; 3>diene in its 
properties but was even less stable, decomposing to a black tar on standing for a few days. 

Application of these syntheses to 1-nitromethylcyc/ohexene gave \’‘(\-niiro-2-acetoxyethyl)- 
cyclohexene (IX), but attempted distillation of this with sodium acetate resulted in violent 
decomposition. A similar result was obtained on attempting to dehydrate the alcohol (VIII) 
by distillation with 3-nitrophthalic anhydride. 


CH. 


CH, CH,-OH 




CH, 


NaOEt ^ cll,^C.CH-CH,-OH 


X 


CH,-OH 

(Vn.) 


a §; 

X 


H\. 


NO, 

(VIII.) 


CH, 
CH, 


:=CH, 

:h iio* 

(X.) 


K»COg 



By treating the nitro-ester (IX) in ether with potassium carbonate in presence of quinol a 
lachrymatory oil, presumably (X), was obtained, but this could not be purified. On standing it 
gave a solid which (from analysis and molecular weight) appeared to be a dimeride of (X) . This 
product WEIS also obtained directly if the potassium carbonate treatment was carried out in the 
absence of quinol. The yield was poor, but no other pure compounds were isolated. Although 
other new products were obtained, these could not be purified. Hydrogenation and addition of 
bromine to the dimer gave no definite products, and no systematic study of its reactions was 
attempted. 

Experimental. 

Microanalyses are by Mr. E. S, Morton. All m. ps. are uncorrected. 

Z-Nitro-2 : ^-diacetoxypentane (I). — ^The high-boiling residue (700 g.) from a series of preparations of 
2-nitroisopropyl acetate (prepared by acetylation of the crude nitro-alcohol from acetaldehyde and 
nitromethane ; cf. Schmidt and Rutz, Ber., 1928, 61, 2142) was fractionated to give a viscous yellow oil 
(490 g.), b. p. 140 — 150°/20 mm., which partly crystallised on standing. The solid compound was 
collected and recrystallised from light petroleum (b. p. 100 — 120®), forming colourless needles (40 g.), 
m. p. 86— 86® (Found : C, 46*6; H, 6-96; N, 6-2. C^Hi^OeN requires C, 46-36 ; H, 6-4; N, 6-0%). 

The liquid fraction was apparently essentially a mixture of the two diastereoisomerides (Found : C, 
46-06; H, 6-26; N, 6-6%). 

Z-Nitropenta-l : 3-diene (II). — Crude 3-nitro-2 ; 4-diacetoxypentane (146 g.) was stirred with 
anhydrous sodium acetate (1 g.) at 96—100° for 1 hour and distilled under 12 mm. The distillate was 
washed thrice with saturated brine, dried, and fractionated to give 3-nitropenta-l : 3-diene (38 g. ; 64% 
theory) as a pale yellow lachrymatory oU, b. p. 63—66713 mm. (Found : C, 63-26; H, 6-3; N, 12-36. 
CsHyOjN requires C, 63-1; H, 6-2; N, 12-4%). A considerable tarry residue remained after the 
distillation. 

2-Nitro-\-hydroxy-3-fmthyl-2-hydroxyimthylhut-3-ene (III). — A mixture of l-nitro-2-methyIprop-2-enc? 
(2 g. ; Levy and Scaife, in the press), ethyl acetate (6 c.c.), paraformaldehyde (1-3 g.), and 33% aqueou.s 
potassium hydroxide (1 drop) was refiuxed until all the paraformaldehyde had dissolved. The solution 
was kept at 0° for several days, and the crystalline precipitate collected and purified by recrystallisation 
from ethyl acetate, giving colourless rectangular prisms of tiie compound, m. p. 103 — 104° (Found : C, 
44-76; H, 6-66; N, 8-6. CeHiiO^N requires C, 44-7; H, 6-6; N, 8-7%). 
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%^NUroA->hydfoxy-Z-methylhi4P-Z-^He (IV), — mixture of l-nitro-2-methylprop-2-ene (20 g.), 
isopropyl alcohol (60 c.c.), paraformaldehyde (13*2 g.)> and 33% aqueous potassium hydroxide (6 drops) 
was refluxed for 3 hours. After cooling« a solution of sodium ethoxide [from sodium (5 g.) in alcohol 
(60 c.c.)] was added slowly with stirring below 10®. After 1 hours' stirring at 0 — 10®, the precipitate was 
collected, dissolved in a little water, acidified with dilute hydrochloric acid below 15®, saturated with salt, 
and extracted with ether. The extract was dried and fractionated to give the compound as a colourless 
oU (6-2 g.), b. p. 113— 116®/16 mm. (Found : C, 45 55; H, 7 06; N, 101. CjH,0,N requires C, 46*8; 
H, 6*86; N, 10-7%); distillation was stopped at this point owing to incipient decomposition of the 
residue. 

2-Nitro-l-acetoxy-Z-methylbut-^-ene (V). — l-Nitro-2-methylprop-2-ene (24 g.) was converted into 
2-nitro-l-hydroxy-3-methylbut-3-ene as described above. After removal of the ether, the crude product 
was mixed with acetic anhydride (26*2 g.), heated at 100® for 1 hour, and distilled to give the compound 
as a colourless oil (30-2 g.), b. p. 102— 104®/0-6 mm. (Found: C, 49-2; H, 6-3; N. 7*8. C,H„04N 
requires C, 48-6; H,6-36; N, 8-1%). 

2-Nitro-Z-methylbuta-\ : Z-diene (VI). — 2-Nitro-l-acetoxy-3-methylbut-8-ene (30 g.) and anhydrous 
sodium acetate (0*1 g.) were heated under 12 mm. (oil-bath temperature 110 — 120®). A colourless liquid 
distilled, but after a short time the residue began to decompose and distillation was stopped. The 
distillate was washed thrice with saturated brine, dried, and distilled to mve 2~nitro-Z-methylbuta-l : 8- 
diene as a pale yellow lachrymatory oil (4-7 g.), b. p. 54 — 67®/I4 mm. (Found : N, 12*3. CjH^OjN 
requires N, 12-4%). This closely resembl^ 3-nitropenta-l : 3-diene in all its reactions. 

l-(l-Vt7ro-2 : 2'-dihydroxyisopropyl)cyclohexene (VII). — 1-Nitromethylcyc/ohexene (7 g. ; Fraser and 
Kon, 1934, 604), paraformaldehyde (3-3 g.), ethyl acetate (26 c.c.), and 33% aqueous potassium 
hydroxide (3 drops) were refluxed until homogeneous (2 hours). The mixture was carefully neutralised 
with N-hydrochloric acid and the solvent removed under reduced pressure. After being kept in a 
desiccator for several days, the viscous residue crystallised to a white solid, m. p. 68 — 61®, which was very 
soluble in all organic solvents except light petroleum. Attempts to purify this material were unsuccessful. 

l-{l-Nitro-2-hydroxyethyl)cyclohexene (VIII). — ^Crude l-(l-nitro-2 : 2'-dihydroxyisopropyl)fyc/ohexene 
(9 g.) was dissolved in alcohol (25 c.c.) and treated with a solution of sodium ethoxide [from sodium 
(1-25 g.) in alcohol (16 c.c.)] below 16®. The mixture was then cooled to 0°, and the precipitated sodium 
salt collected, dissolved in water, and acidified with hydrochloric acid below 16®. The product was 
isolated by extraction with ether, dried, and distilled to give a pale yellow oil (3 g. ; 38% theory), b. p. 
98 — 100® /0-6 mm., which solidifled to a crystalline mass of l-{l-nitro->2-hydroxyethyl)cyclohexene, m. p. 
45--.46<’ (Found : C,56 05; H, 7-26; N, 8-1. CgHjaOaN requires C, 66*16; H,7*6; N, 8*2%). 

l'-{l-Nitro-2-acetoxyeihyl)cyclohexene (IX). — l-Nitromethylryclehexene (21 g.), paraformaldehyde 
(9*9 g.), isopropyl alcohol (46 c.c.), and 33% aqueous potassium hydroxide (0*5 c.c.) were refluxed until 
a clear solution was obtained. After the solution had been cooled to 0®, a solution of sodium ethoxide 
[from sodium (3*76 g.) in alcohol (40 c.c.)] was added during 30 minutes. After 1 hour at 0 — 10® with 
stirring, the sodium salt was collected, dissolved in water (100 c.c.), and acidified with aqueous 
hydrochloric acid below 10®. The precipitated oil was extracted with ether, the extract dried, and the 
solvent removed. The crude product was cooled in ice, treated with 98% sulphuric acid (2 drops) 
followed by acetic anhydride (23 g.), and the mixture stirred at 60® for 2 hours. Distillation gave a 
colourless oil (22*6 g.), b. p. 102—105®/! mm. (Found : N, 6*6. C10HUO4N requires N, 6*66%). 

l-(l^NUrovinyl)oyc\ohexene (X). — l-(l-Nitro-2-acetoxyethyl)cydohexene (16 g.), potassium carbonate 
(15 g.), ether (60 c.c.), and quinol (0*1 g.) were refluxed with stirring for 4 hours, cooled, and washed with 
water. The ethereal solution was then treated with a further 0*1 g. of quinol and dried (CaCl,). The 
ether was removed under reduced pressure at 30®, leaving a pale yellow lachrymatory oil (9*2 g.) which 
decomposed on attempted distillation under 0*5 mm. (Found : N, 8*8. CgHnOjN requires N, 9-16%). 
The nitro-diene did not react with aqueous sodium hydrogen sulphite and did not polymerise on boiling 
with dilute sodium carbonate solution ; on keeping, it slowly dimerised. 

l-(l-Nitrovinyl)cyc\ohexene Dimer. — l-(l-Nitro-2-acetoxyetliyl)cyc/ohexene (48 g.), potassium 
carbonate (48 g.), and ether (150 c.c.) were refluxed with stirring for 4 hours, cooled, washed with water, 
and dried (CaClg) . The ethereal solution was allowed to evaporate at 20° and the crystals were collected 
(9*9 g.) and washed with light petroleum (b. p. 100 — 120°). Recrystallisation from light petroleum and 
from acetic acid gave large colourless plates of l-^l-^nitrovinyVjQyclohexene dimer, m. p. 136 — 137® (Found : 
C, 62*6; H, 7*4; N, 9*3; M (cryoscopic in benzene), 290. 01*11,204X2 requires C, 62*75; H, 7*2; N, 
9*16%; AT, 306), 

The authors wish to acknowledge the interest and advice of Dr. H. A. Piggott in this work. 
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282. Aliphatic Nitro-compounds. Part III. Preparation of Alkyl 

2-Nitroalkyl Ethers.* 

. By A. Lambert, C. W. Scaife, and A. E. Wilder-Smith. 

Alcohols add to a-nitro-olefins giving alkyl 2-nitroalifyl ethers, which on reduction yield 
amines, and on reaction with formaldehyde afford a-hydroxymethyl derivatives. 

1 : 2-Dimtroethane (or 2-nitioethyl nitrate), 1 : 2-dinitropropane, and 1 : 2-dinitro-2-methyl- 

• Cf. E.PP. 673,872, 681,134. 
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propane may be used as convenient substitutes for nitroethylene, 1-nitroprop-l-ene and 
l-n&ro-2-methylprop-l-ene respectively. 


The addition of alcohols to some substituted nitro-olefins has been reported previously ; thus, 
p-nitrostyrene (Rosenmund, Ber., 1913, 46, 1034; Meisenheimer and Heim, ibid,, 1905, 38, 467), 
p-bromo-p-nitrostyrene (Thiele and Haeckel, Annalen, 1902, 325, 1), 2-nitro-l-(/>-methoxy- 
phenyl)prop-l-ene (Meisenheimer and Jochelson, ibid., 1907, 355, 293), l-bromo-l-nitrobut-l-ene 
and 1-bromo-l-nitropent-l-ene (Loevenich, Koch, and Pucknat, Ber., 1930, 63, 636) all add 
alcohols in the presence of a basic catalyst to give 2-nitroalkyl ethers; benzylidene-co-nitro- 
acetophenone behaves similarly with boiling alcohol in the absence of a base (Wieland, Annalen, 
1903, 328, 189; cf. Friedlander, Mahly, and Lazarus, ibid., 1885, 229, 210, 234; Fliirscheim, 
J, pr. Chem., 1902, 66, 16). Since the present work was completed, the preparation of 
2-nitroalkyl ethers by reaction of 1-nitrobut-l-enc and some higher nitro-olefins with sodium 
alkoxides has also been reported (U.S.P. 2,391,815). 

The reaction of alcohols with 1 : 2-dinitro-parafiins and 2-nitroalkyl nitrates, obtained from 
the addition of nitrogen tetroxide to olefins (see Levy et al., J., 1946, 1096, 1100), and with 
a-nitro-olefins, was undertaken as part of a general investigation of the chemistry of these 
compounds and as a route to a wide variety of nitro- and amino-ethers. With boiling alcohols, 
1 : 2-dinitroethane (or 2-nitroethyl nitrate) and 1 : 2-dinitropro})ane gave nitro-ethers as follows : 


NO,*CHo*CH,-NOa + ROH > NOj-CHICHa -f R-O-NO + 

N0,-CH;-CH**0-N0, + ROH ^NO.-CHXHa + R-O-NO^ f- H.OS 


The reaction was found to be a general one, but yields diminished with increasing molecular 
weight of the alcohol and were lower with 2-nitroethyl nitrate than with 1 ; 2-dinitrocthane*, 
Treatment of 1 : 2-dinitro-2-methylpropane with boiling alcohols gives l-nitro-2-methylprop- 

1- ene which adds alcohols only in the presence of a basic catalyst. 2-Nitroprop-l-enc. 

2- nitrobut-2-ene, and p-nitro-p-methylstyrene also require a basic catalyst, the highest yields 
being obtained by the use of an equivalent of the appropriate sodium alkoxide. In the reaction 
of 2-nitroprop-l-ene with sodium methoxide, in addition to methyl 2-nitro-n~propyl ether, some 
methyl 2 : 4-dinitro-2-methylamyl ether was obtained as a by-product, formed by addition of 
the mononitro-ether to 2-nitropropene (cf. Part VIII in this scries) : 


CH3-C(N0*):CH, + CHs-OH—- >CH3-CH(N02)-CH3-0*CH3 

^CH,*C(NO,):CH* 

CHs'CH (NO 2 ) -CHs-CCCHs) (NOd -GHj-O-CH, 


p-Nitrostyrene and sodium methoxide have been reported to give a small yield of 
methyl 2 ; 4-diuitro-l : 3-diphenylbutyl ether by a similar mechanism (Meisenheimer and Heim, 
loo. cit.). Nitroethylene was very reactive; even when stabilised with a small amount of 
phosphoric acid it added 2-methoxyethyl alcohol at ordinary temperature. 

The nitro-ethers were readily hydrogenated to amines, and reaction with formaldehyde in 
the presence of a base gave a-hydroxymethyl derivatives. 

The 2-nitrobut-2-ene used in this work was obtained from 2-nitro-3-acetoxybutane 
(Vanderbilt and Hass, Ind. Eng. Chem., 1940, 32, 34) by heating it with sodium acetate (cf. 
Gen. Aniline and Film Corp., U.S.P. 2,257,980). Its structure was established by reduction 
with zinc and acetic acid (cf. Bouveault and Wahl, Bull. Soc. chim., 1903, 29, 643) to methyl 
ethyl ketoxime. It is interesting that a product from the decomposition of the silver salt of 
nitroethane was described by Angeli and Alessandri (Atti R. Accad. Lined, 1910, 19, 784; 
Chem. Zentr., 1910, II, 731) as being probably 2-nitrobut-2-ene, but its structure was not proved. 


Experimental. 

Analyses are by Mr. E. S. Morton and Mr. A. E. Heron. All m. ps. are uncorrected. 

Alkyl 2-Nitroalkyl Ethers. 

(a) From 1 : 2-Dinitro-paraffins. — Alkyl 2'‘nitroethyl ethers. Methyl and ethyl 2-nitroethyl ethers 
were prepared by refluxing a 15% solution of 1 : 2-dinitroethane (Levy, Scaife, and Wilder-Smith, J., 
1946, 1096) in the appropriate alcohol for 36 hours. The excess of alcohol was distilled, and the residual 
crude nitro-ether distilled first in steam at 60 mm. (to avoid the unstable residue formed on distillation) 
^d then in hi^h vacuum. For the higher alkyl 2-nitroethyl ethers, molten 1 : 2-dinitroethane was 
added to the bmling alcohol, the temperature of the bath being adjusted to distil off the alkyl nitrite a.s 
formed. The nitro-ether was then isolated by fractional distillation. The compounds prepared by this 
method are methyl (60% 3 deld), b. p. 38®/l mm., 67®/12 mm.; 1*128; 1*417 (Found : C, 34*7 ; 

H, 6*9; N, 13*4. CjH^OaN requires C, 34*3; H, 6*7 ; N, 13*3%) ; ethyl (50% yield), b. p. 46^1 mm. ; 
5 0 
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72'’/12 mm. ; iir 1-069 (Henry, Rec. Trim. cMm.. 1899, 18 , 269, records b. p. 178®/760 mm. ; ^ 1-148) 
(Found : C, 40-5; H, 7-5; N, 12-0. Calc. forAHjOtN : C, 40-3: H, 7-6; N, 11-8%); n-i>ropyl (46% 
yield), b. p, 48°/0*6 mm. (Found : N, 10*3, C5HiiO*N requires N, 10*6%) ; isopropyl, b. p. 43°/0-6 mm. 
(Found : N, 10*6. CjHuOgN requires N, 10*6%); n-butyl (27% yield), b. p. 70 — 72®/2 mm. (Found : 
N, 9*7. C^HjjOgN requires N, 9*6%) ; and n-amyl %-nitroeihyl ether (39% yield), b. p. 80 — 82°/l*6 mm. 
(Found : N, 8*4, C7H15O3N requires N, 8*7%). 

Methyl nitro-tert.-buiyl ether. 1 : 2-Dinitro-2-methylpropane (29*6 g.) (Levy and Scaife, in the press) 
in methyl alcohol (60 c.c.) was added dropwise with stirring during 30 minutes to a solution of sodium 
methoxide [from sodium (9-2 g.) in methyl alcohol (200 c.c.)]. The product after dilution with water and 
neutralisation (acetic acid) was extracted with ether and fractionated, giving methyl nitro-tert.-butyl ether 
(5-7 g.), b. p. 76^/16 ram. (Found: C, 46*1; H. 8*3; N, 10*8. CgHuOaN requires C, 46*1; H, 8*3; 
N. 10-6%). 

Ethyl nitrO'tert.-buiyl ether. 1 : 2-Dinitro-2-methylpropane (29*6 g.), urea (6*0 g.L and alcohol (300 
c.c.) were refluxed for 1.5 hours. Fractionation gave ethyl nitro-tert.-^butyl ether (4*9 g.), b. p. 76°/16 mm. 
(Found : C, 48*7; H, 8*7; N, 9*3. CgHuOaN requires C, 49 0; H, 8*8; N. 9*6%). Some l-nitro-2- 
methylprop-l-cne, b. p. 64— 68°/ll mm., was also formed, and the alcohol recovered contained acetone, 
formed by hydrolysis of the dinitro-paraffin. 

Methyl 2-niiroisopropyl ether. 1 : 2-Dinitropropane (30 g.) (Levy and Scaife, 1946, 1100) was 
refluxed with methyl alcohol (70 g.) for 17 hours, and the mixture fractionated, giving methyl 
2-nitvo\sopropyl ether (8 g.), b. p. 36 — 41®/1 mm., 62°/12 mm. (Found: C, 40*9; H, 7*7; N, 11*6. 
QHgOaN requires C,. 40*3; H. 7*6; N, 11*8%). 

(b) From Nitro-olefins. — 2-Nitro-2'-methoxy diethyl ether. A mixture of nitroethylene (19*7 g.), 
2-methoxyethyl alcohol (100 c.c.), and orthophosphoric acid (1 c.c.), after being kept for 1 month at 
ordinary temperature, was distilled to give 2-nitro-2'-methoxy diethyl ether (12-6 g.), b. p. 81 — 84°/0*5 mm. 
(Found : C, 40-3 ; H, 7*3 ; N, 9*6. C.HnOgN requires C, 40-3 ; H, 7*4 ; N, 9*4%). 

Methyl nitroA.t.rt.-huiyl ether. l-Nitro-2-methylprop-l-ene (20-2 g.) was added dropwise with stirring 
during 30 minutes to a solution of an equivalent of sodium methoxide [from sodium (4*6 g.) in methyl 
alcohol (100 c.c.)] at ordinary temperature. The product, after dilution with water and neutralisation 
(acetic acid), was extracted with ether and distilled, giving methyl nitro-f«rf.-butyl ether (17*3 g.), b. p. 
75®/ 16 mm. 

2-Nitro-2-methoxybutane. This was prepared as described above from 2-nitrobut-2-ene (101 g.) and 
sodium methoxide in methyl alcohol. ^-Niiro-Z-methoxyhutane was obtained as a colourless liquid, b. p. 
61— 63®/16 mm. (Found: C, 45*1; H. 8*3. requires C, 46*1; H, 8*3%). The 

2--p-nitrophenylazo-denya.tiye, from the sodium salt of the nitro-ether and jb-nitrobenzenediazonium 
chloride, separated in two forms; a-form, hne yellow needles from light petroleum, m. p. 91° (Found : 
C, 46*6; H, 6*3; N, 19*7. CnHi40jN4 requires C, 46*8; H, 6*0; N, 19*8%), and p-form, red prisms 
from light petroleum, m. p. 84® (Found : C, 46*8; H, 6*1 ; N, 19*3%). 

Methyl 2-nitropropyl ether. This was prepared from 2-nitroprop-l-ene (27 g. ; see Part I of this 
scries) and sodium methoxide in methyl alcohol as described above. Distillation gave methyl 
2-nitropropyl ether (15*2 g.) as a colourless oil, b. p. 61 — 64®/14 mm, (Found : C, 40*6; H, 7*3. C4H4O3N 
requires C, 40*3; H, 7*6%). Some methyl 2 : 4-dinitro-2-methylamyl ether (4*8 g.), b. p. 92*6°/0*2 mm. 
(see Part VIII of this series), was also obtained. 

Methyl 2~nitroisopropyl ether. Interaction of l-nitroprop-l-ene (60 g. ; see Part I of this series) with 
sodium methoxide in methyl alcohol as described above afforded methyl 2-nitroisopropyl ether (29 g.), 
b. p. 62°/12 mm., identical with that obtained from 1 : 2-dinitropropane. 

2-Nitrov&opropyl n-butyl ether. l-Nitroprop-l-ene (25 g.) and a solution of sodium butoxide [from 
sodium (6*6 g.) in M-butyl alcohol (120 c.c.)], brought into reaction at 0 — 10® and worked up in the usual 
way, afforded 2-nitroisopropyl n-butyl ether (28 g.) as a colourless oil, b. p. 98 — 101®/ 14 mm. (Found : 
C, 62-7; H. 9*1 ; N, 8*6. C^Hi^OaN requires C, 62*2; H. 9*3; N, 8*7%). 


a. 


interacted with sodium 
b. p. 76®/l mm. (Found : C, 


Nitfo-tert.-butyl n-amyi ether. l-Nitro-2-methylprop-l-ene (60 g, 

»i-ainyloxide as described above to afford nitro’-t^rt.-butyl n-amyl ether (26 g, 

57*7; H, 9*9; N, 7*2. CjHi^OjN requires C, 67*2; H, 10*0; N, 7*4%). 

Methyl 2-nitro-l-phenyl-n-propyl ether. A solution of jB-nitro-jB-methylstj^ene (489 g. ; cf. Alles, 
/. Amer. Chem. Soc., 1932, 64, 271) ip dioxan (160 c.c.) was added to a solution of sodium methoxide 
[from sodium (10*36 g.) in methyl alcohol (160 c.c.)] at 10® during J hour. After being stirred for 2 
hours at room temperature, the mixture was diluted with water, acidified (acetic acid), extracted with 
ether, and distilled. Fractionation gave methyl 2-nitro-\~phenyUn-propyl ether (61*3 g.) as a colourless oil, 
b. p. 138— 141®/16 mm. (Found : C, 61*6; H. 6*6; N. 7*6, CioH„OaN requires C, 61*6; H, 6*6; N. 

(c) From 2-Nitroethyl Nitrate. — 2-Nitroethyl nitrate (30 g.) was refluxed with alcohol (160 c.c.) for 
8 hours. Fractionation gave ethyl 2-nitroethyl ether (16 g.), b. p. 46®/l mm. 


Interaction of Nitroalkyl Ethers ivith Formaldehyde. 

2-Nitro-8’methoxy-n-propyl Alcohol. — A solution of methyl 2-nitroethyl ether (26*25 g.) in alcohol 
^26 c.c.) was added to a solution of sodium hydroxide (10 g.) in alcohol (160 c.c.). Paraformaldehyde 
(7*5 g.) was added and the mixture stirred until a homogeneous solution was obtained. The sodium salt 
which separated was collected, dissolved in water, aadified (acetic acid), and extracted with ether. 
Distillation afforded 2-nitrO‘8-methoxy*n'f>ropyl alcohol (13*6 g.), b. p. 99— 104®/0*6 mm. (Found : C, 
36*2; H, 6*8; N, 10*6. C4H4O4N requires C, 36*6 ; H, 6*7; N, 10*4%). Reduction of the nitro-alcohol 
with Adams's platinum catalyst in alcohol at 20®/100 atms. aff^ded methyl 2-aminoethyl ether, isolated 
as the picraU, m. p. 148—160® (Found: C, 36 9; H, 4*1. C,H40N,C*H,0,N, requires C. 36*6; H, 
4*0%). 

2-Nitro-2-meikoxymethvlpropane-l : 3-diol. — ^Methyl 2-nitrocthyl ether (9*32 g.) in methyl acetate 
(20 c.c.) was treated witih paraformaldehyde (5*32 g.) and a trace of alcoholic potassium hydroxide. 
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After neutralisation the product was collected and crystallised from methyl acetate-light petroleum 
(b. p. 40--60°), giving 2-nitro-2-methoxymethylpropane-l : Z-dioh m. p. 82-6— 83-6° (Found : C, 36-2; H, 
6*8; N, 8*4. C5Hti05N requires C, 36*4; H, 6-7 ; N, 8-6%). Reduction of the nitro-diol with Adams’s 
platinum catalyst in alcohol gave 2-amino-2-methoxymethylpropane-l : 3-diol, isolated as the picrolonate, 
m, p. 219—220® (Found : N, 17*6. C5H„OaN.CioH805N4 requires N, 17-6%). 

2-Nitro-2-ethoxymethylpropane-l : 3-diol . — ^This was prepared from ethyl 2-nitroethyl ether as 
described above for the lower homologue. The diol was obtained as an undistillable oil, identified as 
the di-v-nitrobenzoyl derivative, m. p. 240—241® (Found: C, 50-7; H, 3-7; N, 8*3. C.oHi«0„Na 
requires C. 60-4; H.4 0; K, 8-8%)- 

2-Niiro-3-fnethoxy-2-methyl-n-butyl Alcohol . — A mixture of 2-nitro-3-methoxybutane (40 g.), 
paraformaldehyde (9*1 g,), aqueous sodium hydroxide (1-6 c.c. of 40%), and methyl alcohol (80 c.c.) was 
stirred overnight at ordinary temperature. After neutralisation with 2N-hydrochloric acid, distillation 
gave 2-nitro-3’methoxy-2-methyUTi-butyl alcohol (42 g.) as a colourless oil, b. p. 110°/16 mm., 82®/0*6 mm. 
(Found: C. 43*6; H, 7-7; N, 8-3. CeHigO^N requires C, 44-2; H, 7-9; N, 8*6%). 

2’‘Nitfo-3’-n'-butoxy-n'‘hutyl Alcohol. — 2-Nitroisopropyl «-butyl ether (53 g.) was dissolved in a solution 
of sodium hydroxide (13’6 g.) in water (100 c.c.) at 10°<t. and paraformaldehyde (10 g.) was added 
portionwise with stirring, the temperature being allowed to rise to 32°. After 20 minutes the solution 
was acidified (2N-hydrochloric acid), concentrated at 40 — 50® under reduced pressure, filtered, and 
distilled, giving 2-n%tYO-Z-ii-butoxy-n-butyl alcohol (53 g.) as a pale yellow oil, b. p. 98®/0*2 mm. (Found : 
C, 49*9 ; H, 9*2 ; N, 7*6. C8Hi,04N requires C, 60-3 ; H, 8*9 ; N, 7*3%). Reduction of the nitro-alcohol 
(42 g.) in methyl alcohol (700 c.c.) with Raney nickel and hydrogen at 20°/68 atms. (initial pressure) gave 
2-amino~3-n-butoxy-xi-butyl alcohol (27 g.) as a colourless oil, b. p. 90 — 92®/0-l mm. (Found : N, 9-1 
CgHijOgN requires N, 8*7%). 

Alkylaminoethyl Ethers. 

Meihyl 2-Aminoethyl Ether. — Methyl 2-nitroethyl ether (2 0 g.) in alcohol (22 c.c.) was hydrogenated 
with Adams’s platinum catalyst at 20®/ 100 atms. to give methyl 2-aminoethyl ether, isolated as the 
picrate, m. p. 148 — 160° (Found : C, 36*9; H, 4*1. ^ CjHgON.C'eHaO^Nj requires C, 36-6; H, 4*0%). 

Ethyl 2-aminoethyl ether, obtained in 52% yield by similar reduction of ethyl 2-nitroethyl ether, 
had b. p. 106°; picrolonate, m. p. 208—209® (dccomp.) (Found: C. 47*7; H, 5*5; N, 19*6. Calc, for 
C4 H,iON.CioH 806N4 : C, 47*6; H. 6-4; N, 19*8%); picrate, m. p. 121— 123° (Found : C, 37*2; H, 4*6; 
N, 17-8. Calc, for C4H„0N.CeH807N8 : C, 37*6; H, 4*4; N. 17*6%). (Meyer, Ber., 1906, 38. 3130. 
records m. p. 204° and 122® respectively for these derivatives.) 

2-Amino-3-fnethoxybuiane. — 2-Nitro-3-methoxybutane (20 g.) was added slowly with stirring to a 
mixture of iron powder (3*6 g.), ferric chloride (1 g.), concentrated hydrochloric acid (10 c.c.), and water 
(76 c.c.) at 100°. After being stirred at 100° for 15 hours, the mixture was basified strongly with aqueous 
sodium hydroxide and distilled in steam. The distillate was neutralised with hydrochloric acid, 
evaporated to dryness, basified with excess of 60% aqueous potassium hydroxide, and extracted with 
ether. The dried extract was fractionated, giving 2-amino~3’m€thoxyhutane (5 g.) as colourless oil, b. p. 
114—116® (Found ; N, 13*3. CgH^gON requires N, 13*6%). The plalinichloyide formed orange prisms 
from methyl alcohol-ether, in. p. 189 — 190° (decomp.) [Found : Ft, 31*1. (C5Hi30N)a,H8ptCl8 requires 
Pt, 31*6%] ; the 2 : 4-dinitrophenylurea (cf. McVeigh and Rose, /., 1945, 621) formed yellow prisms 
from alcohol, m. p. 162—154® (Found : C, 46*9; H, 4-7; N. 17*6. Ci2H,80eN4 requires C. 46*1; H. 
6*1; N, 17*9%). The same amine was formed in 50% yield by catalytic reduction of the nitro-ether 
with Raney nickel-methyl alcohol at 60®/ 120 atms. 

2-Nitrobut-2-ene. — 2-Nitro-3-acetoxybutane (161 g. ; Vanderbilt and Hass, loc. cit.) was stirred with 
anhydrous sodium acetate (0*6 g.) at 100° for 1 hour and then distilled. The acidic distillate w*as washed 
successively with brine, aqueous sodium hydrogen carbonate, and brine, and the product fractionated, 
giving 2-nitrdbut-2-ene (86 g.) as a pale yellow Hquid, b. p. 55*6°/16 mm., 1*4600 (Found : C, 46*9; 
H, 6*8; N, 13*8. C4H,OaN requires C, 47*6; H, 6*9; N, 13*8%). Reduction of the nitro-olefin (30 g.) 
with zinc and acetic acid (cf. Bouveault and Wahl. loc. cit.) gave methyl ethyl ketoxime (17 g.), b. p. 
140 — 160°, which with 2 : 4-dinitrophenylhydrazine in hydrochloric acid gave methyl ethyl ketone 
2 : 4-dinitrophenylhydra2one, m. p. and mixed m. p. with an authentic specimen, 115°. 

The authors wish to thank Mr. R. H. Stanley and Mr. H. Baldock for assi.stance with the preparative 
work, and Dr. N. Levy and Dr. H. A. Piggott for their interest and advice. 
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283 . Aliphatic Nitro-compounds. Part IV. Addition of Thiols to 

a.-Nitro-olefins.* 

By R. L. Heath and A. Lambert. 

Thiols and hydrogen sulpliide react with a-nitro-olefins under basic conditions, giving 
2-nitroalkyl sulphides or thiols. The former can be oxidised to 2-nitroalkyI sulphones (also 
formed from the nitro-olefin and, e.g., sodium /^-toluenesulphinate) or reduced to 2-aminoalkyl 
sulphides, which on oxidation give 2-ammoalkyl sulphones. In certain cases the 
2-nitro-alcohols or their esters can be used as convenient substitutes for the nitro-olefins. 

♦ Patent application pending. 
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Heath and Lambert : 


As a logical extension of the synthesis of alkyl 2-nitroalkyl ethers by interaction of an 
a-nitro-olehn with an alcohol (see Part III of this series), the addition of thiols and hydrogen 
sulphide to nitro-olefins was investigated. This addition was found to be of wide application, 
and was more facile than the corresponding addition of alcohols. 

In the presence of sodium methoxide, 2-nitroprop-l-ene and methylthiol gave an 86% yield 
of methyl 2-nitropropyl sulphide) similarly methyl 2-nitro^l-methylpropyl sulphide was obtained 
from 2-nitrobut-2-ene and methylthiol, 2'‘nitropropyl butyl sulphide from 2-nitroprop-l-ene and 
butylthiol, methyl 2-nityo-\-phenylethyl sulphide from p-nitrostyrene and methylthiol, and 
phenyl 2-nitroisopfopyl sulphide from 1-nitroprop^l-ene and thiophenol. 

That thiols add to nitro-olefins with greater facility than do alcohols is well illustrated by the 
interaction of w-butylthiol with 2-nitroprop-l-ene; in the absence of a catalyst, this yielded 
20% of 2-nitropropyl w-butyl sulphide, whilst only traces of methyl 2-hitropropyl ether are 
formed by refluxing methyl alcohol andithe nitro-olefin ; further, interaction of equimoleciilar 
proportions of sodium methoxide and 2-nitroprop-l-ene gave, in addition to the expected 
methyl 2-nitropropyl ether, some methyl 2 : 4-dinitro-2-methylamyl ether, formed by addition 
of the nitro-ether to unchanged nitro-olefin (cf. Part III of this series), but in the corresponding 
reaction with sodium thiomethoxide in place of sodium methoxide, this type of side reaction 
does not occur. 

In the presence of piperidine as catalyst, nitro-f^rf. -butyl alcohol behaved as l-nitro-2-methyl- 
prop-l-ene, and with butylthiol afforded butyl nitro-icxt.-butyl sulphide) as in many examples 
cited in other parts of this series, 2-nitroethyl nitrate could be used as a convenient source of 
nitroethylene, and reacted with sodium thioalkoxides to give alkyl (or aryl) 2-nitroethyl 
sulphides. Methyl, -g-tolyl, f^-n-butylphenyl, and carhoxymethyl 2-nitroethyl sulphides were 
prepared by this method, and sodium thiolacetate gave 2-nitroethyl thiolacetate. 

The addition of water to nitro-olefins in the presence of a basic catalyst is known to yield, in 
certain cases, 2-nitro-alcohols. It has been found that hydrogen sulphide reacts with 
nitro-olefins more readily than does water, and in the absence of catalysts, 2-nitrothiols are 
formed many of which react further with the nitro-olefm, giving di- (2-nitroalkyl) sulphides. The 
yields of thiol and sulphide vary widely from case to case, and arc tabulated below. 

Nitro-olefin. Products and yield. 

Nitroethylene 2-Nitroethylthiol (18%) and di- (2-nitroethyl) sulphide (48%) 

2-Nitroprop-l-ene 2-Nitropropylthiol (7%) 

1- Nitro-2-methylprop-l-ene Nitro-fef^. -butylthiol (31%) and di(nitro-f^r/. -butyl) sulphide (trace) 

2- Nitrobut-2-ene Di-f2-nitro-l-methyIpropyl) sulphide (26%) 

^-Nitrostyrene Di-(2-nitro-l-phenylethyI) sulphide (37%) 

The low yield of 2-nitropropylthiol obtained from 2-nitroprop-l-ene was due to the formation 
of much unstable high-boiling material. In the condensation of 2-nitrobut-2-ene with hydrogen 
sulphide, some thiol was formed but could not be obtained pure by distillation. The product 
from p-nitrostyrene was a mixture from which only one stereoisomeride of di-{2-niiro-\-phenyl- 
ethyl) sulphide could be isolated. 

In addition to their formation from nitroethylene and hydrogen sulphide, 2-nitroethylthiol and 
di- (2-nitroethyl) sulphide were also obtained from 2-nitroethyl nitrate with potassium hydrogen 
sulphide and potassium sulphide respectively, and hydrolysis of 2-nitroethyl thiolacetate (from 
thiolacetic acid and 2-nitroethyl nitrate) also gave 2-nitroethylthiol in small yield. l-Nitro- 
2-methylprop-l-ene and sodium sulphide gave di(nitro-tQTt. -butyl) sulphide and nitro-tert.- 
butylthiol. 

Oxidation of nitroalkyl sulphides with hydrogen peroxide in acetic acid afforded the 
nitroalkyl sulphones in good yield. Thus, ^>-tolyl 2-nitroethyl sulphide gave -g-tolyl 2-nitroethyl 
sulphone, which is also obtained by reaction of sodium />-toluenesulphinate with 2-nitroethyl 
nitrate or nitroethylene. Catalytic reduction (Raney nickel) of the nitro-sulphones yielded 
amino-sulphones, and these were also formed by similar reduction of the nitroalkyl sulphides to 
aminoalkyl sulphides, followed by oxidation with hydrogen peroxide. 

Experimental. 

Analyses are by Mr. E. S. Morton. All m. ps. are uncorrected. 

Methyl 2-Nitro-l-fnethyipropyl Sulphide. — A solution of sodium methoxide [from sodium (9-6 g.) in 
methyl alcohol (100 c.c.)] was added slowly with stirring to a solution of methylthiol (24 g.) in methyl 
alcohol (60 c.c.) at — 6"*. 2-Nitrobut-2-ene (42 g. ; see Part III of this series) was then added dropwise 
during 40 minutes with stirring at 0 — 6®, and, after being stirred for a further hour, the solution was 
poured into ice-water (400 c.c.), acidified with dilute acetic acid, and extracted with ether. Fractionation 
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of the dried extract gave methyl 2-nitfo-\-methyWfopyl sulphide (26 g.) as a colourless unpleasant smelling 
oil, b. p. 91 — 96®/16 mm. (Found : N, 9‘1. CgHuO^NS requires N, 9*4%). 

Methyl 2-Nitfopropyl Sulphide. — 2-Nitroprop-l-ene (30 g. ; Part I of this series) was brought into 
reaction with methylthiol (20 g.) as described above. Methyl 2-nitropropyl sulphide (40 g.) was obtained 
as a colourless liquid, b. p. 98 — 100®/16 mm. (Found : N, 10-2. C4H908NS requires N, 10*4%). 

Methyl 2’Nitropropyl Sulphone. — Hydrogen peroxide (30% ; 46 c.c.) was added quickly with shaking 
to a boiling solution of methyl 2-nitropropyl sulphide (10 g.) in glacial acetic acid (40 c.c.). The mixture 
was boiled for 1 hour and evaporated to dryness under reduced pressure at 40—50®. Crystallisation of 
the residue from benzene gave methyl 2-nitropropyl sulphone, m. p. 69 — 70® (Found : C, 28*8; H, 5*1 : 
N, 7-9. C4H8O4NS requires C, 28-7 ; H, 6-4; N, 8-4%). 

Methyl 2-Aminopropyl Sulphone. — Methyl 2-nitropropyl sulphone (12 g.) in methyl alcohol (600 c.c.) 
was shaken with Raney nickel and hydrogen (75 atms. initial pressure) at room temperature. Distillation 
of the product gave methyl 2-aminopropyl sulphone (2 g.) as a viscous pale yellow oil, b. p. 110 — 120®/0'3 
mm. ; the residue decomposed. The benzoyl derivative formed colourless needles from ethyl acetate, 
m. p. 164° (Found : N, 6*9; S, 13-9. CnHisOaNS requires N, 6-8 ; S, 13-3%). 

Phenyl 2-Nitroisopropyl Sulphide. — ^Thiophenol (10 g.) was added to a solution of sodium (2*1 g.) in 
methyl edcohol (50 c.c.) at 0°. 1-Nitroprop-l-ene (7-9 g . ; Part I of this series) was added dropwise with 
stirring at 0 — 5° and the product treated as described above for the preparation of methyl 2-nitro-l- 
methylpropyl sulphide. Phenyl 2-nitroisopropyl sulphide (11-6 g.) was obtained as a colourless liquid, 
b. p. liO — lll®/0'i mm. (Found : N, 6*9. CgHnOgNS requires N, 7-1%). 

Methyl 2-N itro-l-phenylethyl Sulphide. — A solution of sodium methoxide [from sodium (9*2 g.) in 
methyl alcohol (100 c.c.)] was added slowly with stirring to a solution of methylthiol (21 g.) in methyl 
alcohol at — 10°. A solution of j8-nitrostyrene (29-8 g.) in dioxan (600 c.c.) was then added dropwise 
with stirring during J hour at 10°. After being stirred at room temperature for J hour, the mixture was 
poured into water and extracted with ether. Distillation of the dried ethereal extract gave methyl 
2-nitro-\-phenylethyl sulphide (19T g.) as a yellow oil, b. p. 168 — 172°/22 mm. (Found : N, 6-7. 
CgHi^OgNS requires N, 6*9%). 

2-Nitropropyl Butyl Sulphide. — Butylthiol (10-4 g.) was added to a solution of sodium (2-7 g.) in 
methyl alcohol (50 c.c.) at 0°. 2-Nitroprop-l-ene (10 g.) was then added dropwise with stirring at 0 — 10° 
and the product isolated in the usual way. 2-Nitropropyl butyl sulphide (12 g.) was obtained as a 
colourless liquid, b. p. 124— 128°/13 mm. (Found : N, 7-8. C,Hi502NS requires N, 7-9%). The 
same product was also obtained by interaction of w-butylthiol and 2-nitroprop-l-ene in absence of a 
catalyst. Equimols. of the reactants were warmed in methyl alcohol solution until reaction commenced, 
heating was discontinued, and the mixture kept for 12 hours, diluted with ether, washed with sodium 
hydrogen carbonate and with water, and finally distilled, giving 2-nitropropyl butyl sulphide, b. p. 
120 — 130°/16 mm. in 19% yield. Identity was established by oxidation to the sulphone (see below). 

2-Niiropropyl Butyl Sulphone. — Prepared from the sulphide by oxidation with hydrogen peroxide in 
glacial acetic acid, this sulphone separated from methyl alcohol in colourless plates, m. p. 36 — 37° (Found : 
N, 6-2; S, 14-7. C7 H,b 04NS requires N, 6-7; S. 15-3%). 

n-Butyl Nitro-t^.rt.-butyl Sulphide. — A mixture of w-butylthiol (7-0 g.), nitro-^^r^ -butyl alcohol (10 g. ; 
see Part XVIII of this series), and piperidine (1 g.) was kept at 20° for 3 days. The mixture was 
neutralised with 2N-hydrochloric acid, diluted with ether, and washed with vrater. Distillation of the 
ethereal solution gave n-butyl nitro-tevt.-butyl sulphide (8*6 g.) as a colourless liquid, b. p. 124°/ 11 mm. 
(Found; C, 50-4; H, 8-6; N, 7-2. CgHi^OaNS requires C, 60-3 ; H, 8*9; N, 7-3%). 

m-Di(nitro-tGxt.-butylsulphonyl)benzene, — Dithioresorcinol (14-2 g.) was added with stirring to a 
solution of sodium methoxide [from sodium (4-6 g.) in methyl alcohol (160 c.c.)] at 0 — 10°. 
l-Nitro-2-methylprop-l-ene (20*2 g. ; Levy and Scaife, in the press) was added dropwise at 0 — 5°, 
and the mixture stirred at room temperature for a further 2 hours. The product was poured into 
ice-water, acidified with dilute acetic acid, and extracted with ether. Distillation of the ethereal extract 
gave a colourless oil (18-1 g.), b. p. 130°/0*5 mm. The sulphur content of this oil (Found : S, 24-7. 
Calc, for C14H20O4N2S : S, 18-6%) indicated that it was contaminated with dithioresorcinol. However, 
on oxidation with hydrogen peroxide in glacial acetic acid pure m.-di(nitro-te,rt.-butylsulphonyl)benzene was 
obtained in 17% yield. It separated from methyl alcohol in colourless needles, m. p. 166 — 168° (Found : 
N, 7-1. Ci4Hj,p08N2Sa requires N, 6*9%). 

Methyl 2-Nitroethyl Sulphide. — A solution of methylthiol (9*6 g.) in methyl alcohol (60 c.c.) was added 
to a solution of sodium methoxide (10*8 g.) in methyl alcohol (30 c.c.) at — 10°. 2-Nitroethyl nitrate 
(27-2 g. ; Levy, Scaife, and Wilder-Smith, /., 1946, 1096) was added dropwise with stirring at — 5°, and, 
after being stirred for 3| hours at 0°, the solution was filtered and distilled, giving methyl 2-nitroethyl 
sulphide, b. p. 105°/20 mm., in 80% yield (Found : C, 30-2; H, 6-8; N, 11*1. CaH^O-NS requires C, 
29-8; H, 6-8; N, 11-6%). 

Methyl 2-Aminoethyl Sulphide. — Methyl 2-nitroethyl sulphide (40 g.) in methyl alcohol (700 c.c.) was 
hydrogenated over Raney nickel at 60—60° and 100 atms. (initial pressure). Fractionation of the 
product gave methyl 2-aminoethyl sulphide (20 g.) as a colourless liquid, b. p. 90 — 91°/1 14 mm. (Schneider, 
Annalen, 1912, 886, 337, gives b. p. 146— 148°/760mm.). The picrate had m. p. 119° (Schneider, loc. cit., 
gives m. p. 119°). 

Methyl 2-Nitroethyl Sulphone. — Oxidation of methyl 2-nitroethyl sulphide (12*1 g.) with hydrogen 
peroxide in boiling glacial acetic acid gave methyl 2-nitroethyl sulphone (12-1 g.), colourless needles from 
alcohol, m. p. 78° (Found : C,23-3; H.6-1; N, 9-1. C2H7O4NS requires C, 23-6; H,4-6; N,91%). 

Methyl 2-Aminoethyl Sulphone. — Methyl 2-nitroethyl sulphone (3*06 g.) in methyl alcohol (40 c.c.) 
was hydrogenated (Raney nickel) at ordinary temperature and pressure. Distillation of the product 
gave methyl 2-aminoethyl sulphone as a colourless fiquid, b. p. 160°/0*02 mm., in almost quantitative 
yi^d (Found : N, 10*9. CgH^OjNS requires N, 11*4%). The hydrochloride had m. p. 168° (Schneider, 
he. cit., gives m. p. 169°), and the benzoyl derivative, m. p. 134° (Schneider, loc. cit., gives m. p. 134°). 

'^n-Butylphenyl 2-Nitroethyl Sulphone. — 2-Nitroethyl nitrate (16*4 g.) was added dropwise to a 
stirred solution of sodium thio-/>-butylphenol (22*6 g.) in methyl alcohol (200 c.c.) at — 10° to — 5°. 
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After being stirred for 4 hours the mixture was filtered, eva^rated to dryness, and extracted with 
ether. Removal of the ether gave crude ^-n-butyiphenyl 2-nitroethyl sulphide as a colourless syrup 
wMch on oxidation with hydrogen peroxide gave p-n-butylphenyl ^-nitroeihyl suiph<me as colourless 
needles from alcohol, m. p. 91 — 92° (Found : C, 63*1; H, 6*4; N, 6*3. Ci#Hi704NS requires C, 53*1 ; 
H, 6*3; N, 6*2o/o). 

Carhoxymethyl 2-Nitroethyl Sulphide. — ^To a solution of thioglycollic acid (9*2 g.) and sodium 
methoxide (10*8 g.) in methyl alcohol (160 c.c.), 2-nitroethyl nitrate (13*6 g.) was added dropwise with 
stirring at 0 — 6°. After being stirred for 3 hours at 0—20° the mixture was filtered, treated with 
2N-hydrochloric acid (50 c.c.), evaporated to dryness, and extracted with ether. Removal of the ether 
gave carhoxymethyl 2’nitroethyl sulphide (9*9 g.) as a colourless syrup which solidified on standing, and 
crystallised from toluene, m. p. 47° (Found: C. 29*4; H, 40; N, 8*6. C4H7O4NS requires C, 29*1; 
H,4*2; N, 8*5%). 

Carhoxymethyl 2-Nitroethyl Sulphone. — Oxidation of carhoxymethyl 2-nitroethyl sulphide with 
hydrogen peroxide in boiling glacial acetic acid gave carhoxymethyl 2-nitroethyl sulphone in 
almost quantitative yield. From alcohol-ether-Ught petroleum (b. p. 40 — 60°), white crystals, m. p. 
116 — 116 \ were obtained (Found : C, 24*7; H, 3*9; N, 7*1. QHvOeNS requires C, 24*4; H, 3*6; N, 
7*1%). The ethyl ester, prepared in almost quantitative yield by heating the acid in alcoholic solution, 
formed colourless crystals from alcohol, m. p. 62° (Found: C, 32-2; H, 4*8; N, 6*3. CeHnOgNS 
requires C, 32 0; H, 4*8; N, 6-2%). 

Carhoxymethyl 2-Aminoethyl Sulphide. — Carhoxymethyl 2-nitroethyl sulphide (8-0 g.) in methyl 
alcohol (200 c.c.) was hydrogenated over Raney nickel at ordinary temperature and pressure. After 
filtration, removal of the methyl alcohol gave a nickel salt, which was dissolved in water and decomposed 
by hydrogen sulphide. The solution was filtered from nickel sulphide and evaporated to dryness. 
Crystallisation of the residue from alcohol gave carhoxymethyl 2-aminoeihyl sulphide (2*8 g.), in. p. 156° 
(Found : C, 35-3; H, 6 6; N, 10*6. C^H^O-NS requires C. 35-6; H, 6-6; N, 10-3%). 

2-Nitroethyl Thiolacetate. — To a solution 01 thiolacetic acid (15*2 g.) and sodium methoxide {10-8 g.) in 
methyl alcohol (200 c.c.), 2-nitroethyl nitrate (27*2 g.) was added dropwise with stirring at 0 — 5°. After 
being stirred for 2 hours, the filtered solution was evaporated and distilled, giving 2-nitroethyl thiolacetate 
(23«1 g.), b. p. 68 — 70°/0*l mm. (Found : C, 32 0; H, 6-4; N, 9*4. C4H7O8NS requires C, 32*2; H, 4*7 ; 
N, 9*4%), 

2-Nitroethylihiol. — (a) From nitroethylene and hydrogen sulphide. Nitrocthylene (20 g. ; Part I of 
this series) was added slowly with stirring to a saturated solution of hydrogen sulphide in alcohol (350 
c.c.) at 0°. The vessel was then sealed and kept at 20° for 2 hours; some di- (2-nitroethyl) sulphide 
separated at this stage. After removal of the alcohol, distillation of the residue in nitrogen 
gave 2-niiroethylthiol (6-2 g.) as a colourless liquid, b. p. 86 — 87°/ 14 mm. (Found : C, 22*4; H, 4*3; N, 
12*9; S, 29*5. CaHfiOgNS requires C, 22*4; H, 4*7; N, 13*1; S, 29*9%), and di-(2-nitroethyl) sulphide 
(11*8 g.) as a pale yellow oil, b. p, 140 — 144°/0*2 mm., which darkened on standing (Found : S, 17*8. 
C4H804NaS requires S. 17*8%). 

(b) From 2-niiroethyl nitrate and potassium hydrogen sulphide. 2-lMitroethyl nitrate (13*6 g.) was 
added dropwise with stirring to a solution of potassium hydrogen sulphide (7*2 g.) in methyl alcohol 
(100 c.c.) at room temperature. After being stirred for 3 hours, the mixture was filtered, evaporated 
to dryness, and extracted with ether. Distillation of the ethereal solution gave 2-nitroethylthiol 
(2*1 g.), b. p. 95°/20 mm. 

(c) By hydrolysis of 2-nitroethyl thiolacetate. 2-Nitroethyl thiolacetate (7*4 g.) was kept for 1 hour at 
20° with a solution of sodium hydroxide (4 g.) in water (70 c.c.). The solution was acidified with dilute 
hydrochloric acid and extracted with ether. The ethereal solution, washed free of acetic acid with 
aqueous sodium hydrogen carbonate,, was distilled in nitrogen, giving 2-nitroethylthiol (0*5 g.), b. p. 
95 — 100°i20 mm. Mercury 2-nitrothioethoxide, prepared from the thiol and mercuric cyanide in alcohol, 
separated from alcohol in colourless needles, m. p. 67 — 68°. It decomposed rapidly on standing. 
2 : 4:-Dinitrophenyl 2-nitroethyl sulphide was prepared by addition of l-chloro-2 : 4-dinitrobenzene (1-1 g.) 
in alcohol (20 c.c.) to a solution of the thiol (0*6 g.) in N-sodium hydroxide (5*6 c.c.). The solution was 
heated to boiling and the product which separated crystallised from benzene, m. p. 196 — 197° (Found : 
N, 15*6. CgH^OeNgS requires N, 16*4%). 

Di-(2-nitroethyl) Sulphide. — 2-Nitrbethyl nitrate (27-2 g.) was added dropwise to a stirred solution of 
potassium sulphide (11-0 g.) in methyl alcohol (200 c.c.) at 0 — 6°. After being stirred for 2 hours, the 
filtered solution was evaporated to dryness, the residue extracted with acetone, and the extract distilled, 
yielding di-(2-nitroethyi) sulphide (9 g.) identical with that obtained from nitroethylene and hydrogen 
sulphide. Oxidation of the samples with hydrogen peroxide gave identical specimens of di- {2-nitroethyl) 
sulphone, colourless plates from acetone, m. p. 132° (Found : C, 22*6; H, 3*7; N, 13*2. C4H8O4NJS 
requires C, 22*0; H, 3*8; N. 13*2%). 

Nitro-tQTt.-buiyllhiol and Di (nitro-tert.-buiyl) Sulphide. — (a) From sodium sulphide. l-Nitro-2-methyl- 
prop-l-ene (101 g.) was added slowly to a stirred solution of sodium sulphide (NaaS,9H20; 120 g.) in 
water (450 c.c.) at 0 — 10°. When homogeneous, the solution was treated with acetic acid (120 c.c. of 
60%) and extracted with ether. Distillation afforded a fraction, b. p. 46 — 64°j7 mm. (38 g.), from which 
unchanged nitro-olefin was extracted with aqueous sodium hydrogen sulphite, giving nitro-t&Tt.-butylthiol 
(12 g.), b. p. 58— 63°y7 mm. (Found : C, 35*9; H, 6*3; N, 11*0; S, 22*9. C4H2O2NS requires C, 35*6; 
H, 6*7 ; N, 10*4 ; S, 23*7%). Mercury nitro-fef^.-thiobutoxide, colourless needles from alcohol, m. p. 108°, 
decomposes slowly on keeping. The residue, after removal of the fraction, b. p. 46— 64°/ 7 mm., was 
crystallised from benzene-light petroleum to give diinitro-t»Tt.-hutyl) sulphide, m. p. 69 — 60° (Found : 
C, 40*8; H, 6*8; S. 13*6. C8H,404N2S requires C, 40*7; H, 6*’8; S, 13*6%). 

(b) From hydrogen sulphide. A solution of l-nitro-2-methylprop-l-ene (20 g.) in alcohol (360 c.c.) 
was saturated at 0° with hydrogen sulphide and kept in a sealed vessel for 7 days at 20°. The alcohol was 
distilled and the residue, aiter extraction with aqueous sodium hydrogen sulphite, was isolated with ether 
and distilled giving nitro-^^rf.-butylthiol (8*4 g.), b. p. 68°/8 mm., and a residue (0*6 g.) which, after 
crystallisation from benzene-light petroleum, afforded di(nitro-/^r/.-butyl) sulphide, m. p. 69 — 60°. 
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DUnitro-tert.-huiyl) StUphone, — Oxidation of di{mtro-fey<.-bntyl) sulphide with hydrogen peroxide in 
the manner described above gave di{nitro-teTt.-butyl) sulphone, long colourless needles from methyl 
alcohol, m. p. 186° (Found : N. 10-4. C^HieOeNjS requires N, 10-4%). 

Di-{2’nitro~l-methylpropyl) Sulphide . — A solution of 2-nitrobut-2-ene (27*4 g.) in alcohol (360 c.c.) 
was saturated with hydrogen sulphide at 0°. The vessel was then sealed and kept at room temperature 
for 16 hours. After filtration and removal of the alcohol, distillation of the residue in a stream of nitrogen 

r ve an almost colourless liquid, b. p. 70 — 90°/ 16 mm., and di-{^-nitYo-\-methylpvopyV) sulphide (3 g.), 
p. 110°/0-04 mm. (Found : S, 13-4. C 8 Hie 04 N 8 S requires S, 13-6%). The fraction, b. p. 70— 90°/16 
mm., appeared to be a mixture of unchanged nitro-olefin and the stereoisomerides of 2-nitro- 1-methyl- 
propylthiol, but attempts to separate them by distillation failed. Redistillation of this material after 2 
weeks, however, gave more (6 g.) di-(2-nitro-l-methylpropyl) sulphide, indicating reaction between the 
components. 

Di-(2-‘nitro-\-methylpYopyl) Sulphone. — Oxidation of the crude sulphide with hydrogen peroxide in * 
the usual way gave a mixture of stereoisomerides of di-(2-nitro-\-mcthylpropyl) sulphone which separated 
from benzene-light petroleum (b. p. 60 — 80°) in colourless needles, m. p. 92 — 98° (Found : C, 35*8 ; H, 
6-0; N, 10-2. CgHjeOaNgS requires C, 36-8; H, 6 0; N, 10-4%). 

2-Nitropropylihiol. — 2-Nitroprop-l-ene (20 g.) was added slowly with stirring to a saturated solution 
of hydrogen sulphide in alcohol (350 c.c.) at 0°. The vessel was then sealed and kept at 20° for 1 J hours. 
After removal of the alcohol, distillation of the residue gave 2-nitropropylthiol (2 g.) as a colourless liquid, 
b. p. 83°/12 mm. (Found : S, 25-8. CgH^OgNS requires S, 26-4%). The dark residue decomposed on 
attempted distillation at 0-2 mm. 

Di-{2~nitro-\-phcnylethyl) Sulphide. — A solution of )3-nitrostyrene (30 g.) in alcohol (350 c.c.) was 
saturated with hydrogen sulphide at 0°. The vessel was then scaled and kept at 20° for 2 hours. On 
cooling to 0°, di~\2-nitro-\-phenylethyl) sulphide (9*6 g.) separated as a colourless solid which crystallised 
from alcohol in large prisms, m. p. 106 — 107° (Found : N, 8-3; S, 9*5. CinHioO^NgS requires N, 8*4; 

S, 9*6%). The bulk of the product remained in the mother liquors as a viscous oil, b. p. 80 — 120°/0-08 
mm. ; this mixture of stereoi.somerides was not separated. 

p-To/y/ 2-Niiyoethyl Sulphone. — (a) From nitroethylenc. Nitrocthylene (3*7 g.) was added slowly to a 
stirred solution of sodium ^-toluenesulphinate (8*9 g.) in water (25 c.c.) at 0°. After being stirred at 0° 
for 3 hours, the mixture was filtered from polynitroethylcne, acidified with acetic acid, and extracted 
with ether. Concentration of the ethereal solution gave 'p-tolyl 2-nitroethyl sulphone (0*6 g.) as colourless 
needles, m. p. 114° (from alcohol) (Found : C, 46*8; H, 5*0; K, 6*6. requires C, 47*2; H, 

4*8; N,6*l%). 

(b) From 2-nitroethyl nitrate and sodium 'p-toluenesulphinate. 2-Nitroethyl nitrate (13*6 g.) was 
added dropwise to a stirred solution of sodium /)-toluenesulphinatc (17*8 g.) in water (60 c.c.) at 20°. 
The product was filtered off and crystallised from alcohol, giving ^-tolyl 2-nitrocthyl sulphone (18*3 g.), 
m. p. and mixed m. p. 114°. 

(c) From ^-tolyl 2-nitroethyl sulphide. A solution of sodium methoxido [from sodium (2*3 g.) in 
methyl alcohol (60 c.c.)] was added to a solution of thio-^-cresol (12*4 g.) in methyl alcohol (100 c.c.) at 0°. 
2-Nitroethyl nitrate (13*6 g.) was then added dropwise with stirring at — 10° to — 6°. After being stirred 
for 3 hours the filtered solution was evaporated, giving crude /)-tolyl 2-nitroethyl sulphide as a colourless 
oil, which on oxidation with hydrogen peroxide in acetic acid gave ^-tolyl 2-nitrocthyl sulphone (21 g.), 
m. p. and mixed m. p. 114°. 

\)-Tolyl 2-Arninoethyl Sulphone. — ^j^-Tolyl 2-nitroethyl sulphone (2-3 g.) in methyl alcohol (40 c.c.) was 
hydrogenated over Raney nickel at ordinary temperature and pressure. Evaporation of the filtered 
solution gave ^-tolyl 2-aminoethyl sulphone as a colourless syrup. The benzoyl derivative had m. p. 
168° (Found : C, 63*2 ; H. 6-7 ; N, 4*7. CxeHi^OaNS requires C, 63*3 ; ^1, 5*6 ; N, 4*6%). 

-p-Tolyl 2-Aminoethyl Sulphide. — Crude ^-tolyl 2-nitroethyl sulphide (6 g.) in methyl alcohol (50 c.c.) 
was hydrogenated over Raney nickel at ordinary temperature and pressure, liemoval of the methyl 
alcohol gave a colourless syrup, which with ethereal hydrogen chloride yielded \i-tolyl 2-aminoeihyl 
sulphide hydrochloride (4-1 g,), colourless crystals from alcohol -ether, ni. p. 132° (Found : C, 53*3; H, 
6*9; N, 6*8. C»Hi 3 NS,HCl requires C, 63-1; H, 6*9; N, 6 0%). 

The authors wish to acknowledge the interest and advice of Dr. H. A. Piggott and Mr. J. D. Rose in 
this work. 
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284. Aliphaiic Nitro-compounds. Part V. Preparation of 2-Nitro- 
alkanesulphonic Acids hy Interaction of x-Nitro-olefins and Sodium 
Hydrogen Sulphite.* 

By R. L. Heath and H. A. Piggott. 

a-Nitro-olefins react with sodium hydrogen sulphite giving sodium 2-nitroalkanesulphonates, 
which on catalytic reduction afford the corresponding 2-aminoalkanesulphoiiic acids in good 
yield. In the absence of oxygen, sulphurous acid can be used in place of sodium hydrogen 
sulphite, and in many cases esters of 2-nitro-alcohols (2-nitroethyl nitrate, 2-nitropropyl 
acetate) behave in the same way as the nitro-olefims. 

* Cf. E.P. 571,157. 
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The interaction of a-nitro-olefins and sodium hydrogen sulphite was studied during a general 
investigation of the addition reactions of nitro-ol^ns, as a potentially interesting route to certain 
2«aminoalkane8ulphonic acids required as intermediates in the synthesis of dyestufiEs. 

The addition of alkali hydrogen sulphites to unsaturated substances has been studied by 
many workers. Rosenthal {Annalen, 1886, 283, 38) prepared the diammonium salt of 
p-sulphopropionic acid by the interaction of ammonium hydrogen sulphite and ammonium 
acrylate. The addition of potassium hydrogen sulphite to allyl alcohol was demonstrated by 
Muller (Ber., 1873, 6, 1442), and the product was established by Marckwald (ibid,, 1898, 81, 1864) 
as potassium l-hydroxypropane-3-sulphonate. Kolker and Lapworth (/., 1926, 307) added 
ammonium hydrogen sulphite to a large number of olefins, whilst the reaction of 
sodium hydrogen sulphite and styrene, first reported by Ashworth and Burkhardt (/., 1928, 
1791), has been shown by Kharasch, Schenck, and Mayo (/. Amer, Chem. Soc., 1939, 61, 3092) 
to yield 2-phenylethane-l-sulphonic acid, 2-phenylethylene-l-sulphonic acid, 2-phenylethane- 
1 ; 1-disulphonic acid, and 2-hydroxy-2«phenylethane-l-sulphonic acid. Knoevenagel and 
Morrise (Ber., 1904, 87, 4038) successfully added alkali hydrogen sulphites to ap-unsaturated 
aldehydes and ketones, and the addition to unsaturated furyl compounds has been described by 
the American Cyailamide Co. (Brit. Appl. 14367/43). 

The formation of alkali 2-nitroalkanesulphonates by interaction of an a-nitro-olefin and 
alkali hydrogen sulphite was found to be a general reaction ; in the absence of oxygen, sulphurous 
acid behaved in a similar way, giving the free nitro-sulphonic acid, but in the presence of oxygen 
sulphamic acid was formed, probably by (a) oxidation of sulphurous to sulphuric acid, (b) 
formation of hydroxylamine from sulphuric acid and the nitro-olefin, and (c) interaction of 
hydroxylamine and sulphur dioxide. The use of sodium sulphite in this reaction resulted in the 
formation of the sodium salt of the sodium ai;i-nitroalkanesulphonate, and in two cases esters of 
2-nitro-alcohols have been shown to react in the same way as the nitro-olefins. 

Accurate analyses of the nitroalkanesulphonates were not easy to obtain owing to thedifificulty 
of freeing them from the last traces of moisture, and many were characterised as their ;p-toluidine 
salts (see Chambers and Watt, J, Org. Chem,, 1941, 6, 376). All attempts to characterise them 
by salts of 5-benzylisothiourea were unsuccessful. 

The sulphonates which have been prepared are listed in the Table. 


Nitro-compound. 

Nitroethylene 

2-Nitroethyl nitrate 

l-Nitroprop-l-ene 

l-Nitroprop-l-ene 

1- Nitroprop- 1-ene 

2- Nitroprop- 1 -ene 

2-Nitropropyl acetate 
l-Nitro-2-methylprop- 1 -ene 

1- Nitro-2-methylprop-l-ene 

2- Nitrobut-2-ene 

2-Nitrostyrene 

2-Nitrostyrene 

l-Nitro-2-(2-furyl) ethylene 

Ethyl a-nitro-j8j8-dimethylacrylate 


Sulphite. 


Nitro-sulphonate. 


NaHSO, Na 2-nitroethanesulphonate 
NaHSOg Na 2-nitroethanesulphonate 
NaHSOj Na l-nitropropane-2-sulphonate 
HgSO* l-Nitroproi)ane-2-sulphonic acid 
NajSOj Nag l-ad-mtropropaiie-2-sulphonate 

NafaSOa Na 2-nitropropane-l-sulphonate 
NaHSOg Na 2-nitropropane-l-sulphonate 
NaHSO, Na l-nitro-2-methylpropane-2-sulphonate 

HgSOg l-Nitro-2-inethylpropane-2-sulphonic acid 

NaHSOj Na 2-nitrobutane-3-sulphonate and (?) Na 2- 
oximinobutane-3-sulphonate 
NaHSOj Na l-nitro-2-phenylethane-2-sulphonate 

HjSOg l-Nitro-2-phenylethane-2-sulphonic acid 

NaHSOj Na l-nitro-2-(2-furyl)ethane-2-sulphonate 
NaHSOg Na l-nitro-l-carbethoxy-2-methylpropane-2- 
sulphonate 


A few deviations from the normal reaction course were noted. l-Nitro(;yc/ohexane and 
2-nitro-l-phenylprop-l«-ene with sodium hydrogen sulphite gave viscous syrups which could 
not be characterised and on reduction gave nitrogen-free products. 2-Nitrobut-2-ene, 
condensed with sodium hydrogen sulphite in an atmosphere of nitrogen, gave a syrupy and a 
crystalline condensation product both of which on reduction yielded kmino-sulphonic acids 
which, whilst agreeing in analysis with the expected 2-aminobutanesulphonic acid, were not 
identical. The original crystalline product may be the oximino-sulphonic acid, but the structures 
of the amino-sulphonic acids have not been determined. 

The interaction of ethyl a-nitro-pp-dimethylacrylate and sodium hydrogen sulphite was 
described by Bouveault and Wahl (Bull, Soc, chirn,, 1901^ 25, 910) who made no attempt to 
isolate or characterise the reaction product. This has been repeated and the product shown to 
be that of normal addition. 

Reduction of the nitro-sulphonates with Raney nickel and hydrogen gave good yields of the 
corresponding amino-sulphonic acids: in most cases the reduction was sufficiently facile to 
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proceed at ordinary temperature and pressure and in only a few was it necessarj'’ to use hydrogen 
under pressure. 

Experimental. 

Analyses are by Mr. E. S. Morton. All m. ps. are uncorrected. 

Sodium 2-Nitroethanesulphonate, — (a) From nitroethylene. Nitroethylene (27*5 g. ; this series. Part I) 
was added dropwise to a vigorously stirred solution of sodium hydrogen sulphite (39*2 g.) in water 
(70 c.c.) at — 6* to 0° and stirring continued at this temperature for 2 hours and finally at 20° for 4 hours. 
The mixture was evaporated under reduced pressure at 40° and the residue extracted with absolute 
alcohol, giving sodium 2-nitroethanesulphonate in 76% yield. The salt was recrystallised from alcohol 
(Found : N, 7*9. C 2 H 405 NSNa requires N, 7*9%). The -p-toluidine salt, prepared by addition of 
aqueous ^-toluidine hydrochloride to the aqueous sodium salt, formed needles from absolute alcohol, 
m. p. 179° (decomp.) (Found : C, 40*6; H, 6*6; N, 10-6. CjH 505 NS,C 7 H 2 N requires C, 41*2; H, 6*4; 
N. 10-7%). 

(b) From 2-nitroethyl nitrate, 2-Nitroethyl nitrate (13*6 g. ; Levy, Scaife, and Wilder-Smith, 
1946, 1096) was added dropwise to a well-stirred solution of sodium hydrogen sulphite (20*8 g.) in water 
(40 c.c.) at — 6° to 0° and stirring was continued for 24 hours at 20°. 2-Nitroethyl nitrate (3*2 g.) was 
recovered from the solution by ether extraction, and the aqueous layer, after evaporation and extraction 
as described in (a) above, gave the nitro-sulphonic acid, characterised as its />-toluidine salt, in 60% yield. 

2-Aminoethanesulphonic Acid, — ^The nitro-sulphonic acid (above) (1*77 g.) in water (30 c.c.) was 
shaken with hydrogen and Raney nickel at ordinary temperature and pressure. The filtered solution 
was evaporated to dryness, treated with concentrated hydrochloric acid, filtered, and again evaporated. 
The residue on crystallisation from aqueous alcohol afforded 2-aminoethanesulphonic acid (taurine), 
m. p. 317° (decomp.), in 66% yield. Cortese (/. Amer. Chem. Soc., 1936, 68, 191) gives m. p. 300 — 305° 
(decomp.) (Found : C, 19-2; H, 6-6; N, 10-9. Calc, for CgH^OsNS : C, 19-2; H, 6-6; N, 11-2%). 

Sodium \-Nitropropane-2~suiphonate.-—{d) From sodium hydrogen sulphite. The salt was prepared 
from l-nitroprop-l-ene (17-4 g. ; this series, IPart I) and sodium hydrogen sulphite (20*8 g.) in water (60 
c.c.) as described above for sodium 2-nitroethane sulphonate. Sodium \-nitropropane-2~sulphonaie 
monohydrate separated from alcohol in 78% yield (Found : C, 17*4; H, 4*1 ; N, 7*0. C3He05NSNa,H80 
requires C, 17*2; H, 3*8; N, 6*7%). The ^-toluidine salt had m. p. 164 — 166° (Found : C, 43*8; H, 
6*8; N, 10*2. CaH, 03 NS.C 7 H,N requires C, 43*6; H, 5*8; N, 10*2%). 

(b) From sulphurous acid. l-Nitroprop-l-ene (10 g.) was shaken in a stoppered bottle at room 
temperature for 2 days with an aqueous solution of sulphurous acid ( saturated at 0°). The solution was 
neutralised with sodium carbonate, evaporated to dryness at 40° under reduced pressure, and the residue 
extracted with hot absolute alcohol to give sodium l-nitropropane-2-sulphonate, characterised as the 
^-toluidine salt, m. p. 164 — 166°. 

(c) From sodium sulphite. 1-Nitroprop-l-ene (8*7 g.) was gradually added to a vigorously-stirred 

solution of sodium sulphite heptahydrate (26*2 g.) in water (26 c.c.) at 0 — 5° and stirring continued for a 
further 3 hours at 0 — 6° and at 20° for 16 hours. The solution was evaporated to dryness and the residue 
extracted with absolute alcohol to give disodium l-di.di-nitropropane-2-sulphonate trihydrate, which 
separated from aqueous alcohol in white crystals (Found : C, 13*6 ; H, 4*0 ; N, 5*3. C 3 H 505 NSNa 2 , 3 H 20 

requires C, 13*6 ; H, 4*1 ; N, 6*2%). It was characterised as its p-toluidine salt, m. p. 164 — 166° alone 
and in admixture with the sample prepared under (a) above. 

l-Aminopropane-2-sulphonic Acid. — ^The nitro-sulphonic acid (above) was reduced with hydrogen and 
Raney nickel as described for 2-aminoethanesulphonic acid. The amino-acid, obtained in 79% yield, 
had m. p. 290 — 295° (decomp.) (Gabriel and Colman, Ber., 1906, 39, 2891, give m. p. 290 — 296°) (Found : 
C, 26*7; H, 6*5; N, 10*6. Calc, for CgHjOsNS : C, 25*9; H, 6*6; N, 10*1%). 

Sodium 2-Nitropropane~\-sulphonate. — (a) From 2-nitroprop-l-ene. This was prepared from 
2-nitroprop-l-ene (this series. Part I) and sodium hydrogen sulphite as described for sodium 

1- nitropropane-2-sulphonate. The salt was crystallised from absolute alcohol, giving sodium 

2- nitropropane-\-sulphonate in 88% yield (Found : C, 18*7; H, 4*1; N, 7*0. CaH^OgNSNa requires C, 
18*8; H, 3*1; N, 7*8%). 

Catalytic reduction of the salt in the usual way afforded a 60% yield of 2-aminopropane-l-sulphonic 
acid, which separated from aqueous alcohol, m. p. 325 — 335° (decomp.) ; Gabriel and Ohle (B^r., 1906^ 
39, 2891) give m. p. 323° (decomp.) (Found ; C, 25*9; H, 6*7; N, 10 0. Calc, for CsHgOgNS : C, 26*9; 
H, 6*6; N, 10*1%). 

(b) From 2-nitropropyl acetate. A mixture of 2-nitropropyl acetate (7*35 g. ; Blomquist, Tapp, and 
Johnson, J. Amer. Chem. Soc., 1945, 67, 1519), sodium hydrogen sulphite (20*8 g.), and water (50 c.c.) 
was stirred vigorously at 36° for 16 hours. The homogeneous solution was evaporated to dryness and 
extracted with absolute alcohol. Evaporation of the alcohol gave a mixture of sodium acetate and 
sodium 2-nitropropane-l -sulphonate, which was reduced with hydrogen and nickel in the usual way, 
giving 2-aminopropane-l-sulphonic acid, m. p. 326 — 328° (decomp.). 

Sodium \-’'Nitro-2~methylpropane-2-sulphonate. — (a) Using sodium hydrogen sulphite. This reaction 
was carried out in the normal way using l-nitro-2-methylprop-l-ene (Levy and Scaife, in the press) in 

? lace of the nitropropenes as described above. Recrystallisation from alcohol gave sodium 
~nitro2'methylpropane-‘2-sulphonate monohydrate in 95% yield (Found: C, 22*3; H, 4*2; N, 6*1. 
C4H805NSNa,H.0 requires C, 21*5; H, 4*5; N, 6*3%). 

(b) Using sulphurous acid. The nitro-olefin (10*1 g.) was shaken for 6 days at room temperature in a 
stoppered bottle with ac^ueous sulphurous acid (100 c.c. saturated at 0°) in an atmosphere of nitrogen. 
The solution was neutralised with sodium carbonate and worked up in the normal manner, giving sodium 
l-nitro-2-methylpropane-2-sulphonate in 65% yield. In a parallel experiment in which the sulphurous 
acid solution had been prepared in the presence of air, the only isolated product was sulphamic acid, 
m. p. 212° (decomp.), obtained in 31% yield, identical with an authentic specimen (Found : H, 3*0; N, 
14*3; S, 32*6. Calc, for HjOgNS : H, 3*1 ; N, 14*4; S, 33*0%). 
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1- AfHino-2-meihytpropane*2-sulphonic Acid . — ^The oitrosulplionic add (above) (5 g.) in water (50 c*c<) 
was reduced hydrogen and Raney nickel, and the product isolated as described for 2-aminoethane* 
sulphonic acid. 2-Amino-2-fnethylpr6pane-‘2-suiphonic acid separated from aqueous alcohol as colourless 
crystals, m. p. 360 — 360® (decomp.), in 76% yield (Found ; C, 31*0 ; H, 7-2 ; N, 8-8. QH^OaNS requires 
C, 31*3; H, 7-2; N, 91%). 

Sodium 2-Nitrobutane-Z’-sulphonate, — 2-Nitrobut-2-ene (60*6 g. ; this series, Part III) was added 
dropwise to a cooled solution of sodium hydrogen sulphite (62 g.) in water (120 c.c.). The reaction was 
carried out in an atmosphere of nitrogen, and stirring was continued for 16 hours. Unreacted 
2-nitrobut-2-ene was removed by extraction with ether, the aqueous solution evaporated to dryness 
under reduced pressure, and the residue extracted with absolute alcohol from which, by evaporation, a 
pale yellow viscous syrup (80 g.) was obtained. A crystalline solid (10 g.) (see below) separated from this 
syrup on standing. The syrup, apparently crude sodium 2-nitrobutane-3-sulphonate, gave a 'o-toluidine 
salt which decomposed below its melting point (Found : C, 46-6 ; H, 6*8; N, 9*1. C4Hg06NS,C7H|N 
requires C, 46*6 ; H, 6-2 ; N, 9*6%). Reduction of the syrup with Raney nickel and hydrogen, followed 
by isolation in the usual way, gave 2-aminobutane-^-suiphonic acid, m. p. 267—270®, in 60% yield (Found : 
C, 31‘3 ; H, 6-9 ; N, 9*6. C4Hji08NS requires C, 31*4; H, 7*2 ; N, 9*2%). The crystalline solid (above) 
could not be identified with certainty. It may be sodium 2-oximinobutane-3-sulphonate (Found : C, 
24-7; H, 4*4; N, 7-4. Calc, for C4H404NSNa : C, 25-4; H, 4*2; N, 7*4%). The ^-toluidine salt had 
m. p. 186—188® (Found: C, 471; H, 6-6; N, 10*4. Calc, for C4H804NS,C^4N : C, 48*1; H, 6-6; 
N, 10-2%). On reduction with hydrogen and Raney nickel in the usual way it gave an amino-acid, m. p. 
320—324® (decomp.), in 60% yield (Found : C, 30*6; H, 6-8; N, 9 0. Calc, for C4H11O8NS : C, 31*4; 
H, 7*2; N, 9-2%). 

2- Ni(ro‘4:-methylpent-2-ene. — ^To a cooled mixture of fsobutaldehyde (36 g.) and diethylamine (10 g.), 
nitroethane (37*6 g.) was added during 30 minutes, the temperature being kept at 20 — 30® by intermittent 
cooling. The mixture was kept at 20° for 16 hours, acidified ( 2N-hydrochloric acid), extracted with 
ether, and the dried extract fractionated, giving 2-nitYO-4,-methylpent-2-ene (40*6 g. ; 66%), b. p. 67®/ 10 
mm., as a pale yellow lachr5miatory oil (Found: C, 56*2; H, 81; N, 10*9. CeHuOjN requires C, 
66-8; H, 8*6; N. 10-8%). 

2-Amino-^-‘meihylpentane-Z^sulphonic Acid. — 2-Nitro-4-methylpent-2-ene (12-9 g.) in methyl alcohol 
(36 c.c.) was added dropwise with stirring to a solution of sodium hydrogen sulphite (24 g.) in water 
(100 c.c.) and methyl alcohol (36 c.c.) at 20°. The mixture was maintained at 30® for 16 
hours, evaporated, and extracted with hot absolute alcohol. Concentration of this extract yielded crude 
sodium 2-nitro-4-methylpentane-3-sulphohate as a pale yellow \dscous S3map (yield, 99%), which could 
not be crystallised. Reduction in aqueous solution with Raney nickel and hydrogen at 26® and 100 
atms. (initial pressure) gave 2-amino-4:-methylpentane-Z-sulphonic acid, white crystals from aqueous 
alcohol, decomp. > 340°, in 76% yield (Found: C, 400; H, 8*3; N, 7*7. CgHisOaNS requires C, 
39-7; H, 8-3; N, 7-7%). 

Sodium \~Nitfo-2-phenylethane-2-cuiphonate and l~Amino-2-phenylefkane-2-suiphonic Acid. — (a) 
From sodium hydrogen sulphite. A solution of 2-nitrostyrene (14-9 g.) in dioxan (60 c.c.) was added 
slowly to a well-stirred solution of sodium hydrogen sulphite (16 g.) in water (90 c.c.) at 20®, and stirring 
then continued at 30° for 10 hours. Unchanged nitrostyrene was removed with ether, and the aqueous 
dioxan solution evaporated to dryness. The residue was crystallised from hot absolute alcohol, giving 
sodium l~nitro-2’’phenylethane-2-sulphonate as white crystals, unmolten at 300°, in 80% yield (Found : 
N, 6-2. CgHgO^NSNa requires N, 6*6%). Reduction in aqueous solution with Raney nickel and 
hydrogen at ordinary temperature and pressure, followed by working up in the normal way, afforded 
\-amino-2-phenyUthane’2‘Sulphonic acid in 70% yield, pearly plates from aqueous alcohol, m. p. 
368—360® (decomp.) (Found : C, 47-1 ; H, 6*3 ; N, 7 0. CgHiANS requires C, 47-7 ; H, 6-6 ; N, 7*0%1. 

(b) From sulphurous acid. 2-Nitrostyrene (10 g.) was shaken with saturated aqueous sulphurous 
acid (100 c.c.) in a stoppered bottle in tne absence of oxygen for 6 days at room temperature. The 
unreacted nitrostyrene (2-0 g.) was removed by filtration and the solution neutralised with solid sodium 
carbonate. The crude nitro-acid was reduced with Raney nickel and hydrogen, giving the amino-acid, 
m. x>. 358 — 360° (decomp.), in 66% yield. 

Sodium 1 •Nitro-2- {2-furyl)ethane^2rSUi 


\-sulphonaie. — l-Nitro-2-(2-furyl)ethylene (13*9 


Thiele and 


Landers, Annalen, 1909, 86^, 303) in dioxan (60 c.c.) was slowly added to a stirred sofution of sodium 
hydrogen sulphite (24 g.) in water (100 c.c.) and dioxan (60 c.c.) at 26®, and stirring continued for a 
further 16 hours. The solution was evaporated to dryness, and the residue, extracted with absolute 
alcohol, gave sodium l’mitro-2-{2’’furyl)e(hanesulphonaie as a colourless syrup which crystallised slowly on 
keeping, but could not be reorystallised (Found : C, 26*2 ; H, 4-2 ; N, 6’4. C4H404NSNa,2H20 requires 
C, 26*8 ; H, 3*6 ; N, 6 0%). Reduction with Raney nickel and hydrogen in methyl alcohol at ordinary 
temperature and pressure gave l‘amino-2-(2-furyl)ethane-2‘Sulphonic acid, white crystals from aqueous 
dioxan, m. p. 250 — 252® (decomp.), in 30% yield (Found : N, 7-0. C4H4O4NS requires N, 7*3%). 

l-Amino-l-carhethoxy-’2-methylpropane-2-sulphonic Acid. — Ethyl a-nitro-)5i3-dimethylacrylate (6 g. ; 
Bouveault and Wahl, Compt. rend., 1900, 181, 687, 748) was added dropwise to a vigorously stirred 
solution of sodium hydrogen sulphite (6 g.) in water (20 c.c.) at 30®, and stirring was continued for a 
further 20 hours. The solution was evaporated under reduced pressure and extracted with hot absolute 
alcohol to give crude sodium l-nitro-l-carbethoxy-2-methylpropane-2-sulphonate as a colourless glass in 
84% yield. Reduction of the above salt (6-7 g.) in water (60 c.c,) with Raney nickel and hydrogen at 
ordinary temperature and 90 atms. (initial pressure), followed by evaporation of the filtered solution, 
afforded sodium l’amino-l-carbethoxy-‘2~methylpropanesulphonate, white crystals from aqueous alcohol, 
in 46% yield (Found : N, 6*4. C,Hi40jNSNa requires N, 6*-7.%). Acidification of an aqueous solution 
of the sodium salt with concentrated hydrochloric acid gave the free amino-sulphonic acid, white crystals 
from aqueous alcohol, m. p. 223®, in 34% yield (Found : N, 6*0. C7H15O5NS requires N, 6*2%). 

Sodium l-Niiro-2 : 4 : 4^irimethylpentane-2-$ulphonate. — ^A mixture of l-nitro-2 : 4 : 4-trimethylpent- 
1-ene (6 g. ; see Levy, Scaife, and Baldock, in the press), dioxan (16 c.c.), and saturated aqueous 
sodium hydrogen sulphite (60 c.c.) was stirred at 20® for 8 hours. After concentration under reduc^ 
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pressnre at 20°, the residual white solid was extracted with alcohol, filtered, and the extract treated with 
dry ether. A white crystalline salt was precipitated, and purified by reprecipitation from alcohol with 
ether. Sodium l->niiro-2 : 4 : 4rtrimelhylpentane-2-sulphonate was obtained as white crystals, m. p. 189° 
(decomp.) (Found: N/5-4; S, 12-8. CgHjeOjNSNa requires N, 5-4; S, 12-3%). 

Imperial Chemical Industries Limited, Research Laboratories, 

Hexagon House, Blackley, Manchester, 9. [Received, January 2Zrd, 1947.] 


285. Aliphatic Nitro-compounds. Part VI. Reaction of 
oL-Nitro-olefins with Hydrochloric Acid. 

By Royden L. Heath and J. D. Rose. 

a-Nitro-olefins react with anhydrous hydrogen chloride in ether giving 1 : 2-dichloronitroso- 
compounds which rearrange, if an a-hydrogen atom is present, into 1 : 2-dichloro-oximes. These 
on hydrolysis with water afford hydroxylamine hydrochloride and an a-hydroxy- or 
o-chloro-carboxylic acid according to the extent of the hydrolysis. Reaction of the nitro-olefins 
containing an a-hydrogen atom with concentrated aqueous hydrochloric acid gives similar 
products, but the intermediate dichloro-oximes are not isolated. It is suggested that the initial 
step is a 1 : 4-addition of hydrogen chloride to the nitro-olefin. 


The literature on the action of hydrochloric acid on a-nitro-olefins is scanty. Haitinger 
(Monatsh., 1881, 2, 287; Wien Akad. Ber,, 1878, 77, 428; A, 1879, 700) reported that 
l-nitro-2-methylprop-l-ene, treated with hydrogen chloride at 20° or with boiling concentrated 
hydrochloric acid, gave hydroxylamine hydrochloride, carbon dioxide, and ammonia; a 
hydroxy-acid, m. p. 65°, was also isolated but not characterised. Our experience, below, 
suggests that this was probably impure a-hydrox^'isubutyric acid (m. p. 79 — 80°). Priebs 
(Annalen, 1884, 225, 319) obtained phenylchloroacetic acid by treatment of p-nitrostyrene with 
fuming hydrochloric acid at 100°. 

A study of the action of hydrochloric acid on a-nitro-olefins was undertaken as part of a 
general exploration of the chemistry of the aliphatic nitro-compounds. In the case of 
nitro-olefins with an a-hydrogen atom (RgClCH'NOj), treatment with ethereal hydrogen chloride 
gave hydroxylamine hydrochloride and an a-chloro- or a-hydroxy-acid (cf. Priebs, loc, cit.), ' 

The possibility that the first stage in the reaction was 1 : 2-addition of hydrogen chloride 
to the double bond was excluded when it was found that 2-nitro isopropyl chloride, 
Me'CHCbCHg'NOg, was not affected by ethereal hydrogen chloride under the conditions which 
converted l-nitroprop-l-ene, Me*CHlCH*NO.., into a-chloropropionic acid and hydroxylamine 

hydrochloride. It therefore follows that the first addition is 1 : 4- to give RgCCbCHlN’OH, 
which, as the aci-iorm of a primary nitro-paraffin, breaks down via the hydroxamic acid to 
hydroxylamine hydrochloride and an a-chloro- or a-hydroxy-acid (depending on the lability of 
the chlorine atom). The mechanism of conversion of the aci-piiinary nitro-paraffin 
into hydroxamic acid is still obscure but is considered to involve the following steps (cf. Yale, 
Chem, Reviews, 1943, 83, 226). ^ 

R-CHg-NOa > R*CH:N°Ori R-CHCl-NH-OH 

j-H.O 

R-cOgH — r-c(oh):n-oh — r-cci:n-oh < — r-chci-no 


In this mechanism, an important stage is the rearrangement of the 1-chloronitroso-compound 
to an oxime, which requires a hydrogen atom on the carbon carrying the nitroso-group. From 
secondary nitro-para£fins, in which this hydrogen is not available, the product expected would 
therefore be a 1-chloronitroso-compound or its breakdown products. In agreement with this 
we have found that treatment of nitro-olefins of the type RR'CICR"*N 02 with ethereal 
hydrochloric acid gives deep blue highly lachrymatory liquids. Although it has not been 
possible to obtain these analytically pure on account of the closeness of their boiling points to 
those of the parent nitro-olefins, there seems little doubt that these are the dichloronitroso- 
compounds. 


RR'C:CR''-NO,- 


-f-HCl 


iL 


,rr'cci-cr":n-oh 


O "I + HCI f 

3hJ Aj. 


xO 1 

RR'CCl-CaR"-NH-OH 


■ RR'CCl-CClR"-NO 


Attempts to break down these dichloronitroso-compounds by further treatment with 
hydrochloric acid gave a trace of hydroxylamine hydrochloride as the only product identifi.ed. 
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Experimental, 

Action of Anhydrous Hydrogen Chloride on Nitroethylene. — Nitroethylene (37 g. ; this series. Part I) 
was added dropwise to stirred saturated ethereal hydrogen chloride (300 c.c.) below 0®. Stirring was 
continued at 0*^^ 4 hours and at 20® for a further 12 hours. After removal of the ether under reduced 
pressure a/3'dichloroacetaldoxime remained as a colourless mobile liquid which began to decompose 
^mediately. The crude product was stirred with water (300 c.c.) at 20® for 16 hours; the mixture, 
which was homogeneous, still gave a positive test for a hydroxamic acid and was refluxed for ^ hour 
(hydroxamic acid test negative) and evaporated to dryness under reduced pressure. The residue was 
extracted with ether, giving chloroacetic acid (39 g.; 82%), m. p. 62 — 63®, after recrystallisation from 
chloroform, and hydroxylamine hydrochloride (31*6 g. ; 90%) as the ether-insoluble product. 

Action of Concentrated Hydrochloric Acid on ^•‘Nitroethyl Alcohol. — 2-Nitroethyl aj^cohol (10 g.; Levy, 
Scaife, and Wilder-Smith, 1946, 1096) was heated at 140® for 12 hours with concentrated hydrochloric 
acid (80 c.c.) in a sealed tube. The solution was evaporated and separated by ether into chloroacetic 
acid (6*2 g. ; 60%) and hydroxylamine hydrochloride {6-3 g. ; 70%). 

Action of Anhydrous Hydrogen Chloride on l^Nitroprop-l-ene. — This was carried out using 1-nitroprop- 
1-ene (51 g. ; tms series, Part I) and ethereal hydrogen chloride (250 c.c.) as described above for 
nitroethylene. Tlie ojS-dichloropropaldoxime was distilled (80%), b. p. 78 — 80®/12 mm., but 
began to decompose immediately after distillation. A portion (37 g.) was hydrolysed by refluxing it 
with water (100 c.c.) for i hour. After evaporation the residue was separated by ether into lactic acid 
(8 0 g. ; 33%), a-clUoropropionic acid (0*7 g. ; 2%), and hydroxylamine hydrochloride (10*4 g. ; 60%). 

Action of Concentrated Hydrochloric Acid on l^NitropropA-ene and 2-Nitroisopropyl Alcohol . — 

1- Nitroprop-l-ene (20 g.) was stirred with concentrated hydrochloric acid (100 c.c.) at 20® for 24 hours 
and then at 40® for 2 hours. After working up in the usual way, hydroxylamine hydrochloride (12 g. ; 
76%), lactic acid (6*0 g. ; 30%), and a-chloropropionic acid (0’6 g. ; 2%) were obtained. Similarly, 

2- nitroisopropyl alcohol (10*5 g.) heated at 140° for 2 hours with concentrated hydrochloric acid (sealed 
tube) gave hydroxylamine hydrochloride (5-3 g. ; 76%) and a-chloropropionic acid (5*6 g. ; 64%). 

Action of Anhydrous Hydrogen Chloride on 2-Nitroprop-\-ene. — 2-Nitroprop-l-ene (26*1 g. ; this 
series, Part I) was added dropwise with stirring to dry ether saturated at 0° with anhydrous hydrogen 
chloride (200 c'.c.) ; a deep blue colour rapidly developed. Stirring was continued at 0° and precipitated 
hydroxylamine hydrochloride (1*8 g.) removed. Separated water was absorbed by the addition of 
anhydrous magnesium sulphate, and the solution distilled giving 1 : 2-dichloro-2-nitrosopropane, b. p. 
48 — 60®/60 mm., as a deep blue, mobile, powerfully lachrymatory liquid (20 g. ; 45%). It was not 
possible to obtain this material analytically pure owing to difficulties of separating small amounts 
of unchanged 2-nitroprop-l-ene (b. p. 45 — 48®/60 mm.). 

Action of Anhydrous Hydrogen Chloride on 2~Nitrobut-2-ene. — 2-Nitrobut-2-ene (20*2 g. ; this series. 
Part III) was treated as described above for 2-nitroprop-l-ene. 2 : 3-I)ichloro-2-nitrosobutane, b. p, 
01 — 63°/40 mm., was obtained as a deep blue lachrymatory liquid (11 g. ; 36%). After hydrolysis with 
water at 20® for 16 hours only hydroxylamine hydrochloride (0*1 g.) could be identified. 

Action of Concentrated Hydrochloric Acid on 2^NitrohuU2-ene. — 2-Nitrobut-2-ene (20 g.) was stirred at 
20° for 40 hours with concentrated hydrochloric acid (100 c.c.). The deep blue colour which developed 
initially disappeared in J hour. Evaporation to dryness under reduced pressure gave only 
hydroxylamine hydrochloride (7 g. ; 62%). 

Action of Anhydrous Hydrogen Chloride on l-‘Nitro-2-methylprop’-l-ene. — l-Nitro-2-methylprop-l-ene 
(60 g. ; Levy and Scaife, in the press) was treated with saturated ethereal hydrogen chloride (400 c.c.) 
as described above for nitroethylene. ajS-Dichlorm.’fobutaldoxime, b. p. 79°/10 mm., was obtained as a 
colourless liquid which began to decompose immediately after distillation (76 g. ; 80%). Hydrolysis of 
this dichloro-oxime (24 g.) with boiling water (260 c.c.) for 16 hours gave hydroxylamine hydrochloride 
(9*6 g. ; 90%) and a-hydroxyisobutyric add, m. p. 80® (4*8 g. ; 30%). Hydrolysis of the dichloro-oxime 
with concentrated hydrochloric acid for 1| hours gave a 60% yield of o-hydroxyisobutyric acid. 

Action of Concentrated Hydrochloric Add on l-Nitro-2~methylprop-l-ene. — l-Nitro-2-methylprop-l-ene 
(20*2 g.) was added dropwise with vigorous stirring to concentrated hydrochloric acid (100 c.c.) at 
16 — 20®. Stirring was continued for 16 hours, and the mixture then boiled for 16 minutes and worked up 
in the usual way, giving hydroxylamine hydrochloride (12 g. ; 86%) and a-hydroxywobutyric acid 
(11*3 g.; 54%). 

Action of Anhydrous Hydrogen Chloride on l-Nitro-2-chloropropane. — l-Nitro-2-chloropropane 
(Henry, Bull. Soc. chim., 1896, 18, 1000) was treated with anhydrous ethereal hydrogen chloride under 
the conditions described for ,1-nitroprop-l-ene (see above). On distillation unchanged l-nitro-2-chloro- 
propane, b. p. 60 — 66°/14 mm., was recovered quantitatively. 

Imperial Chemical Industries Limited, Research Laboratories, 

Hexagon House, Blackley, Manchester, 9. [Received, January 2Zrd, 1947.] 


286 . Aliphatic Nitro-compounds, Part VII. Preparation of 

2-NitroalJcylamines. 

By R. L. Heath and J. D. Rose. 

Ammonia and primary or secondary amines interact with a-nitro-olefins, giving 2-nitro- 
alkylamines. Those formed from ammonia or aliphatic amines are in general extremely 
unstable, but can be reduced by nickel and hydrogen to derivatives of ethylenediamine. 
N-2-Nitroalkylarylamine$ formed from aromatic amines are somewhat more stable, but are best 
isolated and characterised through their salts. In many cases 2-nitroethyl nitrate can be 
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used as a convenient laboratory substitute for nitroethylene, and 2-nitrowopropyl acetate or 
2-nitro45<>pr6pyl nitrate can replace 1-nitroprop-l-ene. 

The addition of ammonia and amines to a-nitro-olefins has hitherto received only scant atten- 
tion in the literature. The reaction of nitroethylene with aniline (Wieland and Sakellarios, 
Ber., 1919, 52, 898) and nuclear substituted anilines (Kodak Ltd., B.P. 539,070; 21.2.40) is 
known to give iV'-2-nitroethylanilines, but in most cases the products were not characterised 
and experimental details are lacking. p-Nitrostyrene reacts with hydroxylamine to give 
Ph'CH(NH*6H)*CH2-N02 (Posner, Annalen, 1912, 389, 114), but the reaction with other 
bases is erratic. Worrall (/. Amer, Chem, Soc., 1927, 49, 1598) attempted to add some 
forty bases (amines, hydrazines) to p-nitrostyrene and found that only thirteen gave isolatable 
adducts. Aniline and ^-toluidine were the only common aromatic bases and piperidine the 
only secondary amine with which he was able to obtain an adduct, and in each of these three 
cases th^ adduct was of type (I) . 

RaCCR-NOj + RaNH > RaC(NRa)*CHR-N02 — R2C(NRa)-CHR-NHj 

(1.) (II.) 

The addition of ammonia was, however, exceptional, two mols. of p-nitrostyrene being 
involved to give NH(CHPh*CH2*N02)2- 

Halogen-substituted nitro-olefins have also been reported to react with amines. Thus 
p-bromo-p-nitrostyrene with ammonia gives 2-bromo-2-nitro-l-phenylethylainine (Loevenich 
and Gerber, Ber., 1930, 63, 1707), and 1-bromo-l-nitrobut-l-ene with aliphatic amines gives 
unstable adducts (Loevenich, Koch, and Piicknat, Ber., 1930, 63, 030). 

A study of the addition of amines to nitro-olefins has now been undertaken as part of a 
general investigation of the aliphatic nitro-compounds and as a possible route to certain sub- 
stituted derivatives of ethylenediaminc required for other work. 

The addition of ammonia and amines to nitro-olefins is a general reaction which in most 
cases proceeds very readily. The yields are variable, but this is due to the instability of the 
resulting 2-nitroalkylamine in which the basic group causes rapid decomposition of the primary 
or secondary nitro-compound. The products f^om aromatic amines are weaker bases than 
those from ammonia or aliphatic amines and are therefore more stable, but in both series 
it was found preferable to isolate the adducts as salts. Hydrogenation of the 2-nitroalkyl* 
amines to ethyl enediamines was carried out using Raney nickel. 

A complication in carrying out these additions was the tendency of the nitro-olefins to 
polymerise under the influence of the amine. It was found that better yields of some adducts 
were obtained 'when esters of the corresponding 2-nitro-alcohols were used in place of the nitro- 
olefin. Thus 2-nitroethyl nitrate and 2-nitrofsepropyl acetate could be used to replace nitro- 
ethylene and 1-nitroprop-l-ene, respectively. 

Ammonia has been caused to react with 2-nitroethyl nitrate, 1-nitroprop-l-ene, 2-nitrobut- 
2-ene, and l-nitro-2-methylprop-l-ene to give the corresponding unstable p-nitro-amines (type I) 
which were characterised as salts. Hydrogenation of the nitro-amines over Raney nickel gave 
the 1 : 2-diamines (type II). Similarly, diethylamine reacted with 2-nitroethyl nitrate and 
2-nitrobut-2-ene to give nitro-amines (type I). From 1:2:3: 4-tetrahydroquinoline, the 
-2-nitroethyl derivative was obtained in 75% yield from 2-nitroethyl nitrate, but in only 
12*5% yield from nitroethylene itself. 

Aniline has been caused to react with nitroethylene, 2-nitroethyl nitrate, 1-nitroprop- 1-ene, 
and 2-nitrobut-2-ene ; JV-methylaniline with nitroethylene, 1-nitroprop-l-ene, and 2-nitro- 
isopropyl acetate; N-ethylaniline with nitroethylene, 2-nitroethyl nitrate, and l-nitroprop- 
1-ene. All the products were of type I and readily reverted to nitro-olefin and amine on treat- 
ment with alkali (which polymerised the nitro-olefin formed), and in some cases dilute acid 
affected the same fission. A bis-adduct, di-{2-nitroethyl)aniline, was isolated as its hydro- 
chloride after further reaction of iV-2-nitroethylaniline with nitroethylene ; this salt eliminated 
nitroethylene on being heated in water. There was evidence that 2-nitroethylaniline reacted 
with 1-nitroprop-l-ene, but the product was too unstable for isolation. 

Experimental. 

Analyses are by Mr. E. S. Morton. M. ps. are uncorrected. 

2-Nitroethylamine and Ethylenediaminc. — 2-Nitroethyl nitrate (13*6 g. ; Le'vy, Scaife, and Wilder- 
Smith, 1946, 1096) was added dropwise -with stirring to methyl alcohol (200 c.c.) saturated with dry 
ammonia at — 5®, and stirring continued for 4 hours at — 5® to 0°. The mixture was filtered and the 
filtrate evaporated at 40® under reduced pressure to give a light brown oil (9 g.). The crude 2-nitro- 
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ethylamiae could not be distilled, did not give a crystalline hydrochloride or picrate, and decomposed 
to a black tar in 1 to 2 hours. The crude product (8 g.) in methyl alcohol (800 c.c.) was shaken with 
hydrogen and Raney nickel at ordinary temperature and pressure ; the hydrogen absorption was almost 
theoretical. The mixture was filtered, acidified with hydrochloric acid, and evaporated to dryness; 
the semi-solid crystalline mass was intimately mixed with powdered potassium h3rdroxide and dry 
distilled to give an aqueous solution of ethylenediamine (6*4 g.), b. p. 100 — 110®; the dipicrate, m. p. 
232 — 234® (decomp.), was identical with an authentic specimen. 

2-Nitroiaopropylamine, — 1-Nitroprop-l-ene (80 g.; this series. Part I) was added with stirring to 
methyl-alcoholic ammonia (200 c.c.) at 0® and stirring continued for 3 hours The solution was 
evaporated and distilled, giving 2-nitrotsopropylamine, b. p. 60 — 56®/10 mm. Yield, 66%. 2-Nitro- 
isopropylamine is very unstable and decomposes in 24 hours. The hydrochloride had m. p. 114® (Found : 
C, 26 0; H. 6-4; Cl, 25-6, C,H*0,Na,HCl requires C, 26-6; H, 6-4; Cl, 26-3%). 

1 : 2-Diaminopropane. — ^The nitroamine (above) (10 g.) in methyl alcohol (400 c.c.) was shaken with 
hydrogen in the presence of Raney nickel at ordinary temperature and pressure. The theoretical 
amount of hydrogen was absorbed. The solution was filtered, acidified with concentrated hydro- 
chloric acid, and evaporated to dryness at 40® under reduced pressure to give 1 : 2-diaminopropane 
dihydrochloride which crystallised in long needles from alcohol-ether, m. p. 221® (Strache, Ber., 1888, 
21 , 2359, gives m. p. 220®). Yield, 62%. The dipicrate formed yellow needles from water, m. p. 237® 
(Windaus, Dorries, and Jensen, Ber., 1921, 54 , 2760, give m. p. 237®). 

Di-{2-nitroisopropyl)amine. — Dry ammonia was passed for 1 hour through a solution of 2-nitro- 
wopropyl nitrate (30 g. ; Levy and Scaife, 1946, 1100) in dry ether (200 c.c.). The solution, filtered 
from ammonium nitrate (16*7 g.), was fractionated, giving di-(2-nitroisopropyl)amine, b. p. 60 — 62°/0*6 
mm. Yield. 12*7 g. (Found : N. 21*6. requires N, 22*0%). 

2-Nitro-3-aminobutane. — 2-Nitrobut-2-ene (2(>2 g. ; this series, Part III) was added dropwise with 
stirring to methyl-alcoholic ammonia (250 c.c.) at 0® and stirring continued for 2 hours. The solution 
was evaporated and distilled, giving 2-nitro-3-aminobutane as an almost colourless liquid, b. p, 75 — 
78®/20 mm., n]}' 1*4720 (60%), which decomposed in 2 days. The hydrochloride, m. p. 116® (decomp.), 
was also unstaWe (Found : Cl, 23*4. C4Hio02N2,HCl requires Cl, 23*0%). 

2 : ^-Diaminobutane. — 2-Nitro-3-aminobutane (6 g.) in methyl alcohol (60 c.c.) was shaken with 
hydrogen in the presence of Raney nickel. When absorption was complete the solution was filtered, 
acidified with hydrochloric acid, evaporated to dryness, and the crystalline residue of the dihydrochloride 
recrystallised from aqueous alcohol to m. p. 312®. Yield, 40% (Found: C, 29*8; H, 8*2; N, 17*4. 
C4 Hi 2N2,2HC1 requires C. 29*8; H, 8*7; N, 17*4%). Angeli {Ber., 1890, 23, 1367) reports that the 
dihydrochloride of 2 : 3-diamiuobutane is crystalline, but ^ves no m. p. The picrate decomposed at 
260 — 263® (Morgan and Hickinbottom, /. Soc. Chem. Jm.L, 1924, 43, 309t, give m. p. 260 — 262®). 

1- NitrO‘-2-amino~2-methylpropane. — Dry ammonia was passed into a solution of l-nitxo-2-methyl- 
prop-l-ene (Levy and Scaife, in the press) in dry benzene (100 c.c.) at 20® for 8 hours, and the solution 
then distilled giving l-nitro-2-amino-2-raethylpropane as an oil, b. p. 62 — 66®/ll mm., in 40% yield. 
The nitroamine was unstable and decomposed in 3 — 4 days. The hydrochloride, from absolute alcohol, 
had m. p. 182® (decomp.) (Found : N, 18*1; Cl, 22*9. C 4 HioO*N 4 ,HCl requires N, 18*1; Cl, 23*0%). 
Reduction of the nitroamine with Raney nickel and hydrogen afforded 1 ; 2-diamino-2-methylpropane 
isolated in 75% yield as the dihydrochloride, m. p. 302°. Strack and Schwaneberg {Ber., 1933, 66, 
1333) give m. p. 303® (Found : Cl, 44*2. Calc, for C4Hi2N2,2HCl : Cl, 44*1%). 

Diethyl’-2-nUroethylamine. — 2-Nitroethyl nitrate (6*8 g.) was added dropwise with stirring to diethyl- 
amine (7-3 g.) in dry ctlier (100 c.c.) kept at 0® by external cooling. After the addition was complete, 
stirring was continued for } hour. The solution was filtered and the ether removed at 20® under reduced 
pressure. An attempt to distil a small portion of the residue at 15 mm. was unsuccessful ; the product 
decomposed violently. The hydrochloride, from alcohol-ether, had m. p. 72 — 76® (Found ; Cl, 19*3. 
C 4 H, 40 oN 2 ,HC 1 requires Cl, 19*4%). The picrate formed needles from alcohol, m. p. 88® (Found : 
C, 38*6;“ H, 4*8; N. 18*4, CeHi 404 N,,C 4 Ha 07 N 3 requires C. 38*2; H. 6*0; N. 18*6%). 

2- Nitro-S-dicthylaminobutane. — 2-Nitrobut-2-enc (10*1 g.) in dry ether (10 c.c.) was added drop- 
wise with stirring to diethylaminc (7*3 g.) in dry ether (26 c.c.) at 0 — 10® and the mixture stirred for a 
further 2 hours. The product was fractionated to give 2-nitro-3-diethylaminobutane, b. p. 90 — 96®/ 11 
mm., in 66% yield. Much decomposition had occurred after 12 hours. The picrolonate had m. p. 267® 
(decomp.) (Found ; C, 49*4; H. 6*4. Ci.Ha^O^Ne requires C. 49*3; H, 6*9%). 

i^-{2-Nitroethyiyi ; 2 : 3 : ^tetrahydroquinoUne. — (a) From 2-nitroethyl nitrate. 2-Nitroethyl nitrate 
(6’ 9 g.) was added dropwise with stirring to tetrahydroquinoline (11*8 g.), the temperature being kept 
below 30®. After 1 hours' stirring the product was dissolved in ether (60 c.c.) and washed with water. 
Ethereal hydrogen chloride was added to the dried ethereal solution and the precipitated hydrochloride 
crystallised from absolute alcohol, m. p. 132®. Yield, 76% (Found : N. 11*4; Cl, 14*3. CiiHi 402 N 2 ,HCl 
requires N, 11*5; Cl, 14*6%). 

(b) From nitroethylene. A mixture of equimolecular amounts of nitroethylene and tetrahydro- 
quinoline stirred at 40° for 1 hour gave the base, isolated as the hydrochloride, m. p. 132°, in 12*6% yield. 

2-Nitroethylaniline. — (a) From nitroethylene. The base was prepared according to Wieland and 
Sakellarios {Ber., 1919, 62, 898). Yield, 80%; m. p. 37°. 

(b) From 2-nitroethyl nitrate. To a well-stirred solution of aniline (37*2 g.) in ether (260 c.c.), 
2-nitroethyl nitrate (27*2 g.) was added dropwise at room temperature. After t^ing stirred for 2 hours 
the ethereal solution was washed with water, dried, and concentrated under reduced pressure below 30®. 
The resulting syrup crystallised on cooling strongly, and separated from ether-light petroleum in golden 
plates, m. p. 37® (22 g. ; 66%), The hydrochloride formed needles from alcohol-ether, m. p. 109° (Found : 
N, 13*9, CgHjLoOjNj.HCl requires N, 13*8%). The acetyl derivative formed long needles from aqueous 
alcohol, m. p. 99° (Found : N, 13*2. requires N, 13*4%). 

Di-{2-nitroeihyl)aniUne. — Nitroethylene (3*7 g.) was added with stirring to 2-nitroethylaniline (8*3 g.) 
at 0 — 10®. After 2 hours the product was dissolved in a mixture of acetone (60 c.c.) and ether (60 c.c.), 
and ethereal hydrogen chloride added. The precipitated hydrochloride separated from dry alcohol 
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containing hydrogen chloride as prisms, m. p. 128“ (7-8 g. ; 50%) (Found : Cl. 12-7. C„Hi,04N,,Ha 
requires Cl, 12*9%). The free base, m. p. 64®, was obtained by crystallising the hydrochloride from 
aqueous alcohol (Found : C, 60*0 ; H, 5*7; N, 17*0. C10H13O4N3 requires C, 50*2; H, 6*4; N, 17*6%). 

Meihyl-'Sb-nitfoethylaniline. — ^Nitroethylene (3*6 g.) was added dropwise with stirring to methyl- 
aniline (6*3 g.) at 0—10® and the reaction completed by heating at 40® for 1 hour; the product distilled 
at 110®/0*2 mm. (yield, 4*6 g. ; 60%). The hydrochloride had m. p. 82® (Found: N, 12*4; Cl, 16*6. 
C,HiAN„HCl requires N, 12*9; Cl, 16*4%). 

KthyUZ-nitroethylaniline^ — (a) From 2-nitroethyl nitrate. The preparation was carried out from 
ethylaniline and 2-nitroethyl nitrate as described under (b) above for the preparation of 2-nitroethyl- 
aniline. The product was isolated in 80% yield as the hydrochloride, m. p. 114® (Found : N, 12*2; 
Cl, 15*3. CioHi 40,N,,HC1 requires N, 12*2 ; Cl, 16*4%). The free base was formed by gradual addition 
of solid sodium carbonate (6*6 g.) to a fine suspension of the hydrochloride (30 g.) in water (100 c.c.) 
at 0 — 5®. Fthyl-^-nitroethylaniline separated as a pale green oil which was isolated by ether and dis- 
tilled, b. p. 108®/ 0*1 mm., 1*6597. Yield, 70% (Found : C, 61*8; H, 7*2; N, 14*4. C10H14O2N, 

requires C, 61*8; H, 7*2; N, 14*4%). The picrate, from alcohol, had m. p. 106® (Found: C, 46*9; 
H, 4*6; N, 16*3. CjoHj^OgNg.CeHaO^Ns requires C, 45*4; H, 4*0; N, 16*6%). 

(b) From nitroethylene. The preparation was carried out as described above for the preparation of 
methyl-2 -nitroethylaniline, and the hydrochloride, m. p, 114°, isolated in 75% yield. 

2’’Nitroisopropylaniline. — ^This was prepared from 1-nitroprop-l-ene (8*7 g.) and aniline (9*3 g.) 
in ether (100 c.c.) at room temperature for 2 hours. Removal of the ether under reduced pressure 
gave a yellow oil which solidified on cooling to — 60®, and was crystallised from alcohol, giving yellow 
needles of 2-nitroisopropylaniline, m. p. 33° (Found : C, 60 05; H, 6-45; N, 15*2. CgHigOgN^ requires 
C, 60*0; H, 6*6; N, 16*6%). The hydrochloride, from 2N-hydrochloric acid, had m. p. 148° (Found : 
N, 12*8; Cl, 16*6. Calc, for C9Hi302N2,HCl : N, 12*9; Cl, 16*4%). Fourncau (Bull. Soc. chim., 
1944, 11 , 143) gives m. p. 141®. 

Methyl-2-nitroisopropylaniline. — (a) From \-nitroprop-\-ene. Methylaniline (63*5 g.) was added 
dropwise to well stirred 1-nitroprop-l-ene (43 g.), the temperature being kept below 30® by external 
cooling. The crude product was dissolved in ether (500 c.c.) and added slowly with stirring to cool 
ethereal hydrogen chloride (500 c.c. containing 20 g. of hydrogen chloride). The separated solid was 
triturated twice with methyl alcohol-ether (1 : 2), giving the pure hydrochloride (106 g. ; 92%), m. p. 126® 
(Found: Cl, 16*5. CioHi402N2,HCl requires Cl, 16*3%). The hydrochloride, which is largely hydrolysed 
in aqueous solution, was treated in water with sodium carbonate, giving a pale green oil, which was 
isolated with ether and distilled, yielding methyl-2~nitroisopropylaniline, b. p. 112 — 116°/0*6 mm., in 
80% yield (Found : C, 62*3; H, 7*2. C10H14O2N2 requires C, 61*8; H, 7*2%). The picrate had m. p. 

116® (Found : C, 45*3; H, 4*3; N, 16*8, CioHi402N2,CeH30,N3 requires C. 45*4; H. 4*0; N, 16*6%). 
The perchlorate formed colourless prisms from alcohol-ether, m. p. 116° (Found: C, 40*3; H, 5*1; 
N, 9*4. CioHi 402N2,HC104 requires C, 40*7; H, 6*1: N, 9*6%). The hydrochloride of the p-m/roso- 
derivative, prepared by nitrosation of the hydrochloride, formed dark green crystals from methyl alcohol, 
and decomposed at 160® (Found : C, 46*4; H, 6*2. CjoHiaOjjNs.HCl requires C, 46*2 ; H, 5*4%). 

(b) From 2-nitroifiopropyl acetate. A mixture of methylaniline (5*3 g.) and 2-nitroi.9opropyl acetate 
(7*4 g. ; Schmidt and Rutz, Ber., 1928, 61 , 2142) was heated at 60° for 8 hours. The crude product 
was converted into the hydrochloride, m. p. 126®, which was obtained in 50% yield. 

Ethyl-2-niiroisopropylaniline. — ^This was prepared from l-nitroprop-l-ene and ethylaniline as 
described for methyl 2-nitroethylaniline above. The hydrochloride, from alcohol, had m. p. 123®. 
Yield, 90% (Found : C, 64*1; H, 6*7; N, 11*3. CnHieOgNsHCl requires C, 53*9 ; H, 6*9; N, 11*4%). 

Ethyl’-2-nitro-n-propylaniline. — This was prepared from 2-nitroprop-l-ene (68 g.) and ethylaniline 
(80 g.) in ether (250 c.c.) as described for the isomeride above. It was isolated as the hydrochloride, 
m. p. 126®, in 50% yield (Found : C, 64*1 ; H, 6*9; N, 11*3. CnHj602N2,HCl requires C, 63*9; H, 6*9; 
N, 11*4%). 

2-Nitro-\‘methyl-n-propylaniline. — 2-Nitrobut-2-ene (24 g.) was added d^op^vise with stirring to 
aniline (18*6 g.) at 20®, the mixture maintained at 30® for 3 hours, and distilled, giving the base, b. p. 
86°/0*6 mm., wj?" 1*6670, in 72% yield. The hydrochloride, from methvl alcohol-ether, had m. p. 122® 
(Found: C, 62*4; H, 6*6; N, 120. CioH^OjNj.HCl requires C, 62*1; H, 6*6; N, 12*1%). The 
perchlorate explodes on warming (Found: C, 41*1; H, 6*2; N, 9*4. CJ0H14O2N2.HCIO4 requires C, 
40*7; H, 5*1; N, 9*5%). 

The authors wish to acknowledge the advice and encouragement of Mr. C. Paine and Dr. H. A. 
Piggott. 
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287 . Aliphatic Nitro-compounds. Part VIII. Addition of Primary and 
Secondary Nitro-paraffina to a-Nitro-olefins to give 1 : Z-Dinitro-parafjins.* 

By A. Lambert and H. A. Piggott. 

Interaction of primary or secondary aliphatic nitro-compounds with a-nitro-olefins yields 
1 : 3-dinitro-parafnns, which on reduction afford 1 : 3-diamines. The reaction appears to be a 
general one, but yields are variable. An attempted condensation of 2 ; ^-dinitro-2 : Z-di- 
methylpeniane with formaldehyde gave, surprisingly, methyl 2-nitro-l : 2-dimethylpropyl 
hefoxime. 

* Patent application pending. 
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Many authors have described the addition of nitro-paraf&ns to activated ethylenic systems* 
including ap-unsaturated ketones (Kohler, /, Amer. Chem. Soc., 1916, 38 , 889, and later papers), 
unsaturated esters (Kohler and Engelbrecht, ibid., 1919, 41 , 764), and nitriles (Bruson, ibid., 
1943, 85 , 23), but little attention has been paid to their addition to the a-nitro-olefins. Worrall 
{ibid., 1936, 57 , 2299; cf. Heim, Ber., 1911, 44 , 2016) recorded the interaction of a-nitrostilbene 
and phenylnitromethane in the presence of ammonia to give 1 : 3-diaitro-l : 2 : 3*triphenyl- 
propane, and since the present work was completed, Hass {Ind. Eng. Chem., 1943, 85 , 1161) 
has mentioned the formation of 1 : 3-dinitro-2 : 3-dimethylpropane from nitromethane and 
l-nitro-2-methylpropene, but in neither case was experimental detail presented. 

A systematic investigation of file addition of nitro-paraffins to nitro-olefins was under- 
taken as part of a general exploration of the addition reactions of the nitro-olefins and as a 
possible route to a wide variety of substituted 1 : 3-diamines of interest in connection with other 
work in these laboratories. The addition of a primary or secondary nitro-parafei to a nitro- 
olefin, although a general reaction, afforded the 1 : 3-dinitro-paraffins in extremely variable yields. 

CHRR'-NOa -f CHR'XR^'-NO, — CRR'(NO,) •CHR"*CHR'"-NO, 

(I.) (H.) 

Thus, 2-nitrobut-2-ene (I, R" = R"' = CHj) and 2-nitropropane in presence of sodium ethoxide 
yielded 47% of 2 : 4i-dinitro-2 : 2-dimethylpentane {II, R = R' = R" = R'" = Me) ; in this 
case the nitro-olefin is not easily polymerised by alkali, the product, containing only one active 
hydrogen atom, does not easily interact further with unchanged nitro-olefin, and the amount 
of polymeric by-product was therefore negligible. In the presence of benzyltrimethylammonium 
hydroxide, nitroethane and 2-nitrobut-3-ene gave the disecondary nitro-parafl&n, 2 : 4:»dinitro- 
Z-methyipentane, in 28% yield with a considerable amount of by-product of high molecular 
weight which decomposed on attempted distillation; with sodium ethoxide or piperidine as 
catalyst the same product was obtained in lower yield. 2-Nitropropane and 2-nitroprop-l-ene 
gave (sodium ethoxide catalyst) 2 : irdiniifo-2-meikylp&ntam in 26% yield, and methyl 2-nitro- 
propyl sulphide and methyl 2-nitropropyl ether (see Parts IV and III in this series) added 
(sodium methoxide catalyst) to 2-nitroprop-l-ene to give methyl 2 ; ^.-dinitro-^-methylamyl 
sulphide and methyl 2 : 4i-dinitfo»2’-methylamyl ether, respectively ; the latter was also obtained 
directly in 62% yield from two molecules of 2-nitroprop-l-ene and one of sodium methoxide 
without isolation of the intermediate methyl 2-nitropropyl ether. The higher nitro-olefins 
were less reactive; thus, 2-nitropropane and l-nitro^/c/ohexene gave nitro~2-(\-nitroisopropyl)* 
cyclohexane in only 16% yield. 

The properties of the 1 : 3-dinitro-paraffins are parallel to those of the simpler mononitro- 
compounds ; they exhibit none of the instability associated with the 1 ; 2-dinitro-paraffins. 
Hydrogenation in the presence of nickel catalysts affords 1 : 3-diamines; they dissolve in 
aqueous alkali and treatment of such solutions with bromine gives the a-bromo-derivatives 
which are useful for characterisation purposes. Surprising results were obtained in an attempt 
to cause 2 : 4-dinitro-2 : 3-dimethylpentane to interact with paraformaldehyde and sodium 
hydroxide; instead of the expected 4-hydroxymethyl derivative, methyl 2-nifro-l : 2-dimethyl- 
propyl ketoxime, m. p. 61®, was formed. This is the only known example of the reduction 
of a secondary nitro-paraffin by formaldehyde and alkali; the structure of the oxime was 
confirmed by reduction of the Itodium salt of the dinitro-compound with stannous chloride 
and hydrochloric acid, a method specific for the reduction of primary or secondary nitro- 
paraffins to oximes (cf. Konowalov, /. Russ, Phys. Chem. Soc., 1898, 30 , 960; Chem, Zentr., ’ 
1899, I, 697). In addition to the oxime, m. p. 51®, above, the isomeride, m. p. 85 — 86®, was 
also formed, which was rearranged with phosphorus pentachloride to an isomeric amide. 

The 2-nitroprop-l-ene used in this work was prepared by the method of Buckley and Scaife 
(this series. Part I). 

Experimental. 


Analyses are by Mr. £. S. Morton. M. ps. are uncorrected. 

2 : ^IHnitro-2 : 2-dimethylpentane . — ^A well-stirred solution of sodium ethoxide (39-6 g.) in alcohol 
(400 c.c.) was treated with 2-mtropropane (62*6 g.) at 16 — 20®, followed by 2-nitrobut-2-ene (69*6 g. ; 
this series. Part III), and the whole refluxed. After cooling, the mixture was poured into iced water 
(1000 c.c.) and neutralised at 0® with 2N-hydrochloric acid. The solution was concentrated under 
reduced pressure and the residue extracted with ether, distillation gave 2 : 4t-dinitro-2 : 2-dimethyU 
pentane (53 g.) as a pale yellow oil, b. p. 90 — 92®/0-6 mm. (Found : C, 44*9 ; H, 7*6 ; N, 14*6. C 7 H 14 O 4 N 1 
requires C, 44-2; H, 7*4; N, 14*7%). The 2-orcmo-derivative, prepared from an aqueous solution of 
sodium 2 : 4-dinitro-2 : 3 -dimetbylpentane and the calculated quantity of bromine, formed colourless 
plates from methyl alcohol, m. p. 40® (Found : C, 30*8; H, 4*7; N, 10-3; Br, 29*7. C 7 Hij 04 N|Br 




requires C, 31*2; H, 4*8; N, 10*4; Br, 29*7%). The 2- -derivative, prepared from 
s^iuih 2 : 4-diiiitro-2 : 3-dimethylpexitane and diazotised /’-nitroaniUne (cf. Feasley and Degering, 
J, Org. Chem,, 1943, 8 , 12), formed orange prisms from alcohol, m. p. 142—143® {Found : C, 46*2 ; 
H. 6*1; N, 20*7. CisHiyO^Nj requires C. 46*0; H. 6 0; N. 20*6%). 

2 : 4rDiamino-2 : ^dimethylpmtane . — 2 : 4-pinitro-2 : 3-dimethylpentane (60 g.) in methyl alcohol 
was hydrogenated at 60 — 70° and 70 atms. (initial pressure) over Raney nickel. Fractionation of the 
product gave 2 : 4-diamino-2 : 3-dimethylpentane (17 g.) as a colourless liquid, b. p. 66 — 68°/30 mm., 
180°/764 mm. Reduction with iron and hydrochloric acid gave the same diamine in poor yield. The 
'i^1Sl*'-dihenzoyl derivative formed colourless needles from benzene, m. p. 175® (Found : C, 74-6; H, 7*4; 
N, 8*2. requires C, 74*6; H, 7*7; N, 8*3%). The platinichloride formed orange prisms 

from aqueous alcohol (Found : Pt, 36*1. C^HjgNj.HjPtCle requires Pt, 36*1%). 

Metnyl 2-Niiro-l : 2-dimethylpropyl Ketoxime. — (a) By reduction with formaldehyde. 2 ; 4-Dinitro-2 : 3- 
dimethylpentane (10 g.), paraformaldehyde (1*6 g.), 40% aqueous sodium hydroxide (0*5 c.c.), and methyl 
alcohol (20 c.c.) were stirred at room temperature for 16 hours. After neutralisation with dilute hydro- 
chloric acid, fractionation gave a colourless oil (8*2 g.), b. p. 90 — 91®/ <0*6 mm., which slowly deposited 
crystalline material. Methyl 2-mtro-l : 2-dimeihylpropyl ketoxime separated from light petroleum (b. p. 
60—80°) as colourless plates, m. p. 61° (Found: C, 47*9; H, 81: N, 15*9. C7H14O3N2 requires C, 

48*2; H, 8*0; N, 16*1%). The '^•nitrophenylurethane formed fibrous needles from benzene-light 
petroleum (b. p. 60 — 80°), m. p. 109 — 110° (after being dried at 80° in a vacuum) (Found ; C, 49*7; 
H, 6*2; N, 16*3. C^HieOeN^ requires C, 49*7; H, 6*3; N, 16*6%). 

(b) By reduction with stannous chloride. A solution of 2 : 4-dinitro-2 : 3-dimethylpentane (30 g.) 
in aqueous sodium hydroxide (12*6% ; 60 c.c.) was added dropwise with stirring to a solution of stannous 
chloride (36 g.) in concentrated hydrochloric acid (210 c.c.) at 0°. After being stirred for a further J 
hour at 0°, the solution was neutralised with sodium carbonate and extracted with ether. Distillation 
of the extract gave a viscous pale yellow oil (7 ^.), b. p. 80 — 90°/0*l mm., which crystallised on standing, 
m. p. and mixed m. p. with the oxime described above, 61°. The ^-nitrophenylurethane had m. p. 
109 — 110° alone or mixed with the specimen described above. The product from a second similar 
experiment was crystallised without distillation, giving an isomeric oxime, small needles from light 
petroleum (b. p. 60—80°), m. p. 85 — 86° (Found: C, 48*6; H, 8*1; N, 16*8. C7Hi408N2 requires 

C, 48*2; H, 8*0; N, 16*1%). With phosphorus pentachloride in dry ether the latter gave an isomeric 
amide which separated from benzene-light petroleum (b. p. 60 — 80°) in colourless needles, m. p. 83° 
(Found: C. 47*8; H, 8*2; N, 15*7. C7H1463N, requires C, 48*2; H, 8*0; N, 16*1%). 

2 : 4:-Dinitro-Z-methylpentane. — 2-Nitrobut-2-ene (50 g.) was added during 1 hour with stirring at 
ordinary temperature to a mixture of nitroethane (150 g.), dioxan (160 c.c.), and aqueous benzyltri- 
methylammonium hydroxide (40%; 6 c.c.). After being stirred for 48 hours at 40°, the mixture was 
diluted with water (500 c.c.) and neutralised with dilute hydrochloric acid. Extraction with ether, 
followed by fractionation, gave 2 : Ai-dinitro-^-meihylpentane (25 g.) as a pale yellow liquid, b. p. 94 — 
96°/0*5 mm. (Found : N, 15*9. C4H12O4N2 requires N, 16*2%). The use of piperidine or sodium 

ethoxide as catalyst in this reaction gave a smaller yield of the same product. The 2 : 4:~dibromo* 
derivative, prepared by the method described above from 2-bromo-2 : 4-dinitro-2 : 3-dimethylpentane, 
formed colourless prisms from aqueous methyl alcohol, m. p. 63 — 64° (Found : C, 21*7 ; H, 3*3 ; N, 8 0. 
C4Hio04NaBr2 requires C, 21*6; H, 3*0; N, 8*3%). 

2 : ^•Dinitro-2~methyjpentane . — 2-Nitropropane (21 g.) was added to 2-nitroprop-l-ene (20 g. ; this 
series. Part I) as described above for the reaction of 2-nitropropaDe with 2-nitrobut-2-ene. 2 : 4-Di- 
nitro~2-methylpentane (10*6 g.) was obtained as a pale yellow oil, b. p. 80°/0*2 mm. (Found : C, 41*3; 
H, 6*7. C4Hia04Na requires C, 40*9; H, 6*8%). The 2-6romo-derivative formed colourless leaflets 
from aqueous methyl alcohol, m. p. 76° (Found: C, 27*7; H, 4*6; Br, 31*3. C6Hu04NaBr requires 
C, 28*2; H, 4*3; Br, 31*4%). 

2 : 4t~Diamino-2-methylpentane . — 2 : 4-Dinitro-2-methylpentane (9 g.) in methyl alcohol (100 c.c.) 
was hydrogenated at 70° and 76 atm. (initial pressure) over Raney nickel. The product was filtered, 
acidified with hydrochloric acid, evaporated to dryness, treated with excess of 60% aqueous potassium 
hydroxide, and extracted with ether. After drying over potassium hydroxide, distillation gave 2 : 4- 
diamino-2-methylpentane as a colourless liquid which fumed on exposure to air, b. p. 160 — 166°/756 mm. 
(Kohn, Monatsh., 1902, 28 , 6, gives b. p. 147 — 165°). The 'NN' -dibenzoyl derivative formed colour- 
less prisms from aqueous methyl alcohol, m. p. 152° (Found : N, 8*6. C2aH2402N2 requires N, 8*6%). 

Nitro-2-(l-nitroisopropyl)cyc\ohexane. — 2-Nitropropane (8*9 g.) was brought into reaction with 
nitTocyclohexene (12*7 g.) (Wieland et al., Annalen, 1921, ^4, 71) as described above for the addition 
of 2-nitropropane to 2-nitrobut-2-ene. Fractionation of the product gave a pale yellow oil (3*6 g.), 
b. p. 96 — 110°/0*3 mm., which solidified on cooling, and recrystallised from light petroleum (b. p. 60 — 
80°), giving nitro-2-(l-nitroisopropyl)cyc\ohexane in colourless plates, m. p. 103° (Found: C, 49*9; 
H, 7*3; N, 12*6. C2Hie04N2 requir^ C, 60*0; H, 7*4; N, 13*0%). 

Methyl 2 : 4-Dmitro-2-methylamyl Ether. — (a) From methyl 2-nitropropyl ether and 2-nitroprop-\-ene. 
A well-stirred solution of sodium methoxide (4*1 g.) in methyl alcohol (60 c.c.) was treated with methyl 
2-nitropropyl ether (9*1 ; this series, Part III), followed by 2-nitroprop-l-ene (6*6 g.) at room tem- 

perature. After being stxrred at 40 — 60° for ^ hour, the mixture was poured into iced water (100 c.c.) 
and neutralised with aqueous acetic acid. The alcohol was distilled under reduced pressure and the 
residue extracted with ether. Distillation of the ethereal solution gave methyl 2 : 4-dinitro-2-methyl- 
amyl ether (8*0 g.) as a pale yellow oil, b. p. 92 — 94°/0*l mm. (Found: C, 41*2; H, 6*8; N, 13*1. 
C7H14O5N2 requires C, 40*8; H, 6*8; N, 13*6%). The 4-6r<7wo-derivative formed colourless plates from 
aqueous methyl alcohol, m. p. 64° (Found ; C, 29*6; H, 4*8; N, 9*5; Br, 27*9. C^HajOjNgBr requires 
C, 29*6; H, 4*6; N, 9*8; Br, 28*1%). 

(b) From 2-mtroprop-l-ene and methyl alcohol. 2-Nitroprop-l-ene (60 g.) was added dropvnse 
with stirring to a solution of sodium methoxide (15*6 g.) in methyl alcohol (200 c.c.) at 0°. After being 
stirred at room temperature for | hour, the mixture was poured into ice-water (500 c.c.), neutralised 
with aqueous acetic acid, and extracted with ether. Distillation of the ethereal solution gave methyl 

6d 
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i : ether (as g,), lx p. 04— 96®y0-a am* The 4rbrmo^d&nv&^ve had m. p. 64^ 

alcme or mixed with the specimen described above. 

Metkvl 2 : 4rIHamino-2^methylamyl Ether, -^Tke dinitro-ether (above) (41*6 g^) in methjd alcohol 
(650 cx.) was hydrogenated at 60 — and 87 aims, (initial pre^ure). Fractionation of the product 
gave methyl 2 : Miamin(h2-nietkylamyl ether (20 gd as a colourless liquid* b. p. 77 — 70*^/iO mm. (Found : 
N* 18*7. C^HigONf requires N; 10*2%). The hes^t : 4rdinitrvphenylurea Privative (cf. McVeigh and 
Rose. J., 1045. 621) had m. p. 190*’ (Found : C. 44*7; H. 4-6; N. 19*8. C«H„0,iN8 requires C, 44*6; 
H. 4*3’: 19*9%). 

Methyl 2 : 4trDinUro-2*imthylamyl Sulphide , — Methyl 2-nitropropyl sulphide (10*6 g. ; this seriea* 
Part IV) was brought into reaction with 2-nitroprop-l-ene (12*7 g.) as described above for the addition 
of 2'mtroprop>l-ene to methyl 2<nitropropyl e^er. Methyl 2 : ^dinitfe-2-methylamyl sulphide (10 g.) 
was obtained as a pale yellow oil, b. p. 110 — 116®/0*05 mm. (Found : N, 12*1; S, 14*3. C.HmOaNoS 
requires N, 12*6; S, 14*4%). 

Imperial Chemical Industries Limited, Research Laboratories, 

Hexagon House, Blackley, Manchester, 9. {Received, January 22rd, 1947.] 


288 . Aliphatic Nitro-compounds. Part IX. Beaction of 
Nitro-paraffins imth Ethylmagnesium Bromide,. 

By G. D. Buckley. 

In the reaction of nitroethane with ethylmagnesium bromide the first stage is addition of the 
Grignard reagent to the N=0 bond to form a complex (III) which on reduction with zinc and 
hydrochloric acid gives diethylamine. The complex may react with a second mol. of 
ethjdmagnesium bromide with ev<^tion of 1 mol. of ethane to form a new complex which yields 
JViv-diethylhydroxylamme on hydrolysis. Nitromethane, 2-nitropropane, and 2-nitro-2-methyI- 
propane form analogous Complexes. 

The action of Grignard reagents on nitro-paraffins was first examined by Moureu {Compt, rend,, 
1901, 182, 837), who observed that nitroethane reacted with 2 mols. of ethylmagnesium iodide 
to form N N -diethylhydroxylamine . He suggested that the reaction involved the direct addition 
of both mols. of Grignard reagent to the N— O bonds, followed by breakdown on hydrolysis : 

.0*MgI H.O yOB 

2MgEtI + Et’NOj — — > Et,N< — ^ EtgN-OH -f EtOH 

ND-Mgl \OH 

(X.) 


Bevad (Bar., 1907, 40, 3065) studied the reactions of primary and secondary nitro-paraflBins 
with several alkyl-zinc and -magnesium iodides. He found that nitroethane reeicted with 
ethylmagnesium iodide with evolution of ethane and a little ethylene to give a complex which on 
hydrolysis gave iVA^-diethylhjMroxylamine accompanied by smaller amounts of diethylamine 
and ethyl-s^c.-butylhydroxylamine. Ethylzinc iodide reacted in a similar manner, but gave 
ethyW^c.-butylhyTdroxylamine as the main product. Simdar results were obtained with 1- and 
2-nitropropanes. As the first stage in the reaction, Bevad postulated reaction of the Grignard 
reagent with the act-form of the nitro-paraffin to give the complex (II), followed by addition of 
one or two mols. of Grignard reagent to the double bonds : 

.0*lk^I O-MgBr 

(11.) CH8-CH=N^ CH,-CH*-N->0 (III.) 


It was later shown by Zerewitinoff (Ber., 1010^ 48, 3593) that primary and secondary 
nitro-paraffins reacted with methylmagnesium iodide to give slightly less than 1 equivalent ol 
methane, and he also .considered that this arose from reaction with the aci-nitro-paraffin. 
Finally Wang (Trans, Sci, Soc, China, 1033, 7, 253) made a detailed sttwiy of the products 
obtained by the action of excess of phenylmagnesium bromide on nitromethane. The chief 
products were phenylmethylhydroxylamine, phenylbenzylhydroxylamine, phenol, and benzene, 
and a mechanism was formulated, difiering in detail from Bevad’s theory, but also based on the 
prelimmary formation of a complex of type (II). 

All the theories so for advanced are inadmissible since they involve quinquecovalent 
nitrogen; a complex of type (I) as advocated by Moureu would he expected to 3 ^eld *a 
trialkylamine oxide and not a dialkylhydroxylamine on h 3 rdrol 3 ^. The theories advanced by 
subsequent authors all postulate the prelimmary tautomeric change of the nitro*-co«npouiid to 
the aci-lortn, though no evidence has been adduced for th» occurrence of this change, winch 
aocmally requires strongly ionising conditions. 
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feadaoa tbei?elcxDe beea te-^xamiz^d, particular attentioii l3«m^ directed to the 
initial stages. Treatment of nitroethane with 1 mol. of ethylmagnesium bromide at 0^ resulted 
in a v^orous exoth^mic reaction to form a solid complex which separated from the solution. 
No gas was evolved during this reaction, but on addition of a further 2 mols. of Gzignard reagent 
the complex largely redissolved and 1 mol. of gas was evolved ; this reaction was relatively slow 
and required heating to drive it to completion. The gas was not identified, but was assumed to 
be mainly ethane on the evidence of Bevad {loc. cit.). The unreacted Grignard reagent, 
estimated by treating the mixture with water and collecting the evolved gas, amounted to 1 mol. 
The mam liquid product was diethylbydroxylamine. The initial complex was shown by analysis 
to be an addition product of equimols. of nitroethane and ethylmagnesium bromide, and on 
reduction with zinc and hydrochloric acid it gave diethylamine in 60% yield. It must 
therefore have the structure (III) . The analogous complex from nitromethane gave methylethyl- 
amine on reduction. Similar addition products were obtained by the action of ethylmagnesium 
bromide on 2-nitropropane and 2-nitro-2-methylpropane, but attempts to reduce them with 
zinc and hydrochloric acid failed owing to their instability. 

It is evident from these results that the first step in the reaction of a nitro-paraffin with 
ethylmagnesium bromide is the addition of the Grignard reagent to the bond to form a 

complex of type (III), which is then reduced by a second mol. of Grignard reagent, by a 
mechanism which is still obscure, to a product which on hydrolysis yields the 
dialkylhydroxylamine. 

Experimental. 

The nitro-paraffins used were purified by repeated distillation over phosphoric oxide, followed by 
thorough washing with water, drying (CaCls), and fractionation through a Widmer column. An ethereal 
solution of ethylmagnesium bromide was filtered through glass wool; the ethylmagnesium bromide 
content was determined by the method of Gilman et al. (/. Amer» Chem. Soc., 1923, 46 , 160), and the 
solution was tiien diluted with dry ether to a concentration of 2 g.-mols. per 1. 

Nitroethane. — (a) A solution of nitroethane (7*6 g.) in pure dry ether (26 c.c.) was placed in a flask 
cooled in ice-salt and fitted with a mercury-sealed stirrer, reflux condenser, dropping funnel, and system 
for collecting evolved gases. Ethylmagnesium bromide solution (50 c.c.) was added dropwise to the 
stirred solution during 1 hour at — 6® to 0°. A strongly exothermic reaction took place and a heavy 
white precipitate was formed, but no gas was evolved. A further 100 c.c. of the Grignard solution was 
added during I hour, by which time the precipitate had largely redissolved and 1400 c.c. of gas had been 
evolved. The mixture was then refluxed for 1 hour (resulting in the evolution of a further 800 c.c. of 
gas), cooled in ice, and treated with water (50 c.c.) dropwise at 0 — lO*^. During the addition of the 
water, 2200 c.c. of gas were evolved. 

(6) Ethylmagnesium bromide solution (60 c.c.) was added dropwise during 1 hour to a stirred solution 
of nitroethane (7*5 g.) in pure dry ether (100 c.c.) at — 6® to 0°. The mixture was then refluxed for 1 
hour; no gas was evolved. After cooling, the precipitate was collected, washed with pure dry ether, 
and dried in a vacuum at 20°, giving a hygroscopic white powder (17*4 g.) which appeared to decompose 
on treatment with water (Found: Br, 37*25; Mg, 11*65. C4HioOaNBrMg requires Br, 38*45; Mg, 
11-64%). 

This complex (16 g.) was dissolved in 19% hydrochloric acid (200 c.c.) with ice-cooling, and granulated 
zinc (30 g.) was added. The reduction was completed by heating on the steam-bath for a short time and 
the mixture was then cooled in ice, basifled with excess of 32% sodium hydroxide solution, and 
steam-distilled into N-hydrocbloric acid (100 c.c.) ; back-titration of the distillate with N-sodium 
hydroxide showed that base equivalent to 46*3 c.c. of N-acid (60% theory) had distilled. The neutralised 
solution was evaporated to dryness and the crude hydrochloride treated with concentrated sodium 
hydroxide solution. The base, which separated as a volatile oil, reacted with picryl chloride to give a 
picramide, m. p. 164 — 166°, not depressed on admixture with diethyl picramide, m. p. 166° (Found : N, 
19*8. Calc, for CioHi20eN4 : N, 19*7%). With phenyl isocyanate the base gave a urea, m. p. 83 — 84°, 
not depressed on admixture with N'-phenyl-iSTiST-diethylurea, m. p. 84°. 

(c) Ethylmagnesium bromide solution (760 c.c.) was added during 2 hours to a stirred solution of 
nitroethane (37*6 g.) in dry ether (100 c.c.) at 0 — 10°. The mixture was refluxed for 4 hours, cooled, 
poured into ice, and steam-distilled until the distillate was only faintly alkaline to brilliant-yellow paper. 
The distillate was acidified with hydrochloric acid, and the ethereal layer was separated, washed with 
water, and discarded. The combined aqueous layer and washings were concentrated under reduced 
pressure, cooled, treated with a large excess of sodium hydroxide, and extracted with ether. The 
extract was dried (KOH) and fractionated to give diethylbydroxylamine as a colourless oil (20*4 g.), 
b. p. 60 — 62°/18 mm. (Found : equiv., 88*3. Calc, for C4HHON : equiv., 89), together with small 
amounts of a volatile base, probably diethylamine, and a high-boiling residue which was not further 
examined. 

Niiromeihami — ^Nitromethane (6*1 g.) was brought into reaction with ethylmagnesium bromide 
solution (50 ex.) by the method (5) described above for nitroethane. This gave the complex (14*6 g.) as a 
hygroscopic white powder (Found: Br, 41-76; Mg, 12*65. CgHgOjNBrMg requires Br, 41*26; Mg, 
12*4%). Reduction with zinc and hydrochloric acid gave methylethylamine (63% yield), characterised 
as the picrate, m. p. 96°, and the hydrobromide, m. p. 87 — 88° (Found : Br, 67*2. Calc, for CaH2N,HBr : 
Br. 67*16%). 

2-NUropropane. — 2-Nitropropane (8*9 g.) was brought into reaction with ethylmagnesium bromide 
solution (60 c.c.) by the method (6) descxibed above for nitroethane to give the complex (17*2 g.) as a 



1494 


Bucldey : AUpluiUe Part X . 


hygroscopic white powder (Found : Br, 35*3; Mg« 10*55. C|Hi«OtNBrMg requires Br, 36^; Mg» 
10 * 8 %). 

Nitro*tttt,-^butane, — ^Nitro-Z^rT.-butane (10*3 g.) was brought into reaction with ethylmagnesium 
bromide solution (50 cx.) by the method (6) described above for nitroethane. This gave a hygroscopic 
white complex (10 g.) (Found : Br, 34*2 ; Mg, 10*3. Cgtt j40j|NBrMg requires Br, 33 0 ; Mg, 10*16%) 

The author wishes to thank Dr. H. A. Piggott and Mr. J. D. Rose for advice and encouragement 
during this work. 

Impbrial Chemical Industries Limited, Research Laboratories, 

Hexagon House, Blackley, Manchester, 9. [Received, January 23fd, 1947.] 


289. Aliphatic Nitro-compounds. Part X. Action of Grignard 
Reagents on the x-Nitro-olefins. 


By G. D. Buckley. 


The reactions of ethyl- and butyl-magnesium bromides with two primary and one secondary 
a-nitro-olefins have been studied, and, although most of the reaction products have been 
identihed, several points in the mechanism remain obscure. The initial step is a rapid 
1 : 4-addition of the Grignard reagent to the conjugated system CX'NIO to give a complex 
which may be decomposed by water to give a nitro-paraffin, or may react with more Grignard 
reagent to give another complex which on treatment with water yields an oxime. 
Simultaneously, some 1 : 2-addition to the nitro-olefin occurs, to give a complex which with 
water gives basic products, probably dialkylhydroxylamines. 


Although organo-magnesium halides readily add to the ^—O bond of the nitro-group (see 
Part IX of this series), Kohler and Stone (/. Amer, Chem. Soc., 1930, 52, 761) have shown that 
a-nitrostilbene and triphenylnitroethylene react with organo-magnesium halides to give 
exclusively 1 : 4-addition products. It was therefore of interest to study the reaction of 
Grignard compounds with aliphatic nitro-olefins to find whether 1 : 2-addition (Tjqie A) or 
1 : 4-addition (Type B) predominated. 


RMgBr 4- CH4:CH*N=0 



/ 

CH,:CH*N->0 

r-ch,-ch:n/ 


0*MgBr 


0*MgBr 


Addition of ethylmagnesium bromide to an ethereal solution of nitroethylene resulted in 
immediate polymerisation of the nitro-olefin, but, by reversing the procedure, polymerisation 
was completely prevented. Slow addition of nitroethylene to 3 mols. of ethylmagnesium 
bromide at 10—16° resulted in a slow evolution of gas, which was accelerated on boiling the 
mixture. When 0*66 mol. of gas had been evolved, reaction appeared to be complete, and on 
treatment of the mixture with water a further 0*75 mol. of gas was evolved, presumably from 
unreacted Grignard reagent. The acid-insoluble part of the product consisted essentially of 
two substances, (a) 1-nitrobutane (20% yield) identified by its nitrolic acid reaction (Meyer, 
Annalen, 1876, 176, 120) and by its degradation to n-butaldehyde, and (b) hexan-3-one oxime 
(30% yield) which was readily converted into the corresponding 2 : 4-dinitrophenylhydrazone 
(Allen, y. Amer. Chem. Soc.^ 1930, 52, 2996) and was also reduced to 3-aminohexane. The 
acid-soluble part of the product was small and boiled over a wide range. It reduced ammoniacal 
silver nitrate and was hydrogenated to a mixture of non-reducing bases, but no identifiable 
substance was isolated either before or after hydrogenation. These properties indicated presence 
of a hydroxylamine. 

Nitroethylene reacted similarly with excess of «-butylmagnesium bromide to give a 43% 
yield of 1-nitrohexane, a 27*6% yield of a neutral oil, CjoHjiON, and a small amount of reducing 
bases. The compound, CiqHjjON, was assumed to be decan-b-one oxime from its reactions and by 
analogy with the previous example. It was converted into an oily 2 : 4-dinitrophenylhydra2one 
which, in agreement with the failure of Biied and Hennion,(/. Amer, Ghent, Soc,, 1938, 60, 1718) 
to prepare crystalline derivatives of decan-6-one, could not be obtained solid ; catalytic reduction 
gave b^aminodecane. 

Since l-nitro-2-methylprop-l-ene is not polymerised by Grignard reagents, it was possible to 


* a. B.P. 57L804. 
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study mere closely the course of the reaction of ethylmagnesium bromide ^th this nitro-olehn. 
This reaction of the first mol, of Grignard reagent was strongly exothermic and took place 
readily at 0® without evolution of gas. Further Grignard reagent reacted only slowly at 0®, but 
more readily at 16 — 20®. The reaction was mildly exothermic, and 1 mol. of gas was evolved, 
3 mols. of Grignard reagent being consumed in all. The gas had the properties of a saturated 
hydrocarbon, and on combustion was found to be chiefly ethane* The products were 
l-niUro-2 : % dimethylhutam (20%) (which gave the characteristic primary nitro-compound 
reaction and on reduction afforded the known l-amino-2 : 2-dimethylbutane), and a crystalline 
solid, CgHivON (28%), which failed to react with 2 : 4-dinitrophenylhydrazine or 
2 : 4-dinitrophenylsemicarba2ide and was hydrogenated only with difficulty to a primary 
amine, CgHjeN ; by analogy with the previous examples it is believed to be 3 : 2-dimethyU 
hexan-^-one oxime (II; R = Et), and the derived amine, 4:-amin0‘2 \ 2-diinethylhexanet the 
unreactivity of the oxime being attributed to steric factors. 

Addition of ethylmagnesium bromide to 2-nitrobut-2-ene gave polymers as in the case of 
nitroethylene, but this was again overcome by adding the nitro-olefin to excess of the Grignard 
reagent. Gaseous hydrocarbon (0*75 mol.) was evolved and 2*5 mols. of ethylmagnesium 
bromide were consumed. An acid-soluble fraction consisting of reducing bases similar to those 
obtained from the primary nitro-olefin was isolated, and the neutral fraction was separated into 
an oil, CgHiaCgN (26%), an oil, C8H17ON (8%), and a large amount of non-volatile tar. The 
compound CgHuOjN, which gave the nitrole reaction characteristic of a secondary nitro-group 
(Meyer, loc. cit.) and yielded a primary amine on reduction, was 2-nitro-2-meihylpentane. The 
oil, C8H17ON, was colourless and contained one active hydrogen atom (Zerewitinoff) ; this 
excluded the possibility that it had the nitroso-structure (III ; R = Et). It did not give the 
Meyer test for a nitro-paraffin, but on reduction it gave an amine, CgHigN. It must therefore 
be an oxime although, like the isomeric 3 : 3-dimethylhexan-4-one oxime, it failed to react with 
2 : 4-dinitrophenylhydrazine or 2 : 4-dinitrophenylsemicarbazide. 

On the basis of these results it is possible to build up a fairly complete picture of the course 
of the reaction of a Grignard reagent with a primary nitro-olefin, as shown in the scheme below 
for the reaction of ethylmagnesium bromide with l-nitro-2-methylpropene. The initial step is 
addition (chiefly 1 : 4) of the Grignard reagent to the conjugated system to produce a complex 
(IV) which on hydrolysis gives the nitro-paraffin (I), but since (IV) contains the system 
C^N->0, addition of a second mol. of Grignard reagent occurs to give the complex (V) which on 
hydrolysis yields the oxime (II). The formation of reducing bases and of ethane can 
be explained only by the assumption that part of the nitro-olefin undergoes 1 : 2-addition of 
Grignard reagent to give a complex (VI) which reacts with more Grignard reagent to give 
dialkylhydroxylamines ; this process is analogous to the formation of dialkylhydroxylamines by 
the action of Grignard reagents on nitro-paraffins (this series, Part IX; Bevad, Ber., 1907, 40, 
3065). Unfortunately, the nitro-olefin reaction produces mixtures of bases of so complex a 
nature and in such small amount that it has not been possible to isolate pure products which 
would establish with certainty the occurrence of 1 : 2-addition. 


MgRBr + CMe,:CH-N/ 


H,0 X 

RCMcji-CHa-NO, R-CMca'CHIN-O-MgBr 


(I.) 




MgRBr 


(IV.) 


o 

CMeaXH-N— O-MgBr 


.0 


R*CMej-CHR-N(0-MgBr)8 
, (V.) 

„.o 

(II.) R-CMej-CR:N*OH 


'1 


^ (VI.) 


MgRBrJ 
dialkylhydroxylamines 


The secondary nitro-olefin underwent a similar series of reactions. The formation of 
2-mtro-3-methylpentane in the reaction of 2-nitrobut-2-ene with ethylmagnesium bromide is 
clear evidence of 1 : 4-addition, and the isolation of reducing bases and the formation of a 
hydrocarbon again point to the occurrence of some 1 : 2-addition. The nature of the reaction of 
the i : 4-addition complex of the secondary nitro-olefin with more Grignard reagent is obscure ; 
if it followed the same course as for the primary nitro-olefins the product would be a 
nitroso-compound (III). However, as stated above, although a product of the same empirical 
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£cN«&la as (lil) was isolated, it a$>peaml to be an o:{di»e« wUch may result from a rearrangement 
<d (III) or ol, its complex (Vll). Such a rearrangement might also explain the exteiuave tar 
formation, whidi was observed only in the case ol the secondary nitroolehn. 


R*CHMe-CMe=N/ 


0-MgBr 


-t- R*MgBr 


C '^*MgBr H.0 

y RCHMe*CMeK*lSrO 

•MgBr 

<VII.) (III.) 


Experimental. 

Microanalyses are by Mr. E. S. Morton. All m. ps. are uncorrected. 

Nitroethylene and Ethylmagnesium Bromide, — solution of nitroethylene (Levy, Scaife, and 
Wilder-Smith, 1946, 1096) (11‘2 g.) in dry ether (60 c.c.) was added during 1 hour to a stirred solution 
of ethylmagesium bromide (from 60 g. ethyl bromide) in ether (260 c.c.) at 10 — 16®, and the mixture was 
then stirred and refluxed for 2 hours ; gas evolution had then ceased. This gas (2100 c.c. at N.T.P.) 
did not react with bromine and did not liquefy on cooling to — 80®. The mixture was cooled in ice, and 
water (100 c.c.) was added dropwise; a further 2300 c.c. of gas were evolved. The mixture was 
acidifled to Congo-red with dilute sulphuric acid, separated, and the aqueous layer, made strongly 
alkaline with sodium hydroxide, was extracted with ether in a continuous extractor. The extract was 
dried (NaOH) and distilled, giving a strongly basic oil (4-8 g.) which boiled over a wide range under 
reduced pressure and reduced ammoniacal silver nitrate. Catalytic hydrogenation in the presence 
of Raney nickel gave a non-reducing basic oil which distilled over a wide range and from which no 
crystalline derivative could be prepared. 

The ethereal solution containing the acid-insoluble products was dried and distilled. Two fractions 
were isolated : (1) b. p. 60 — 66®/30 mm., and (2) b. p. 90 — 100®/30 mm. Redistillation of fraction (1) 
gave 1-nitrobutane (3*2 g.) as a colourless oil, b. p. 160 — 162®, which gave a positive test for the presence 
of a primary nitro-^oup (Meyer, loc, cit.). A solution of the nitro-compound in dilute aqueous sodium 
hydroxide, run into excess of 20% sulphuric sLcid at 10 — 16®, gave n-butaldehyde (2 : 4-dinitrophenyl- 
hydrazone, in. p. and mixed m. p. with an authentic specimen, 126°). 

Redistillation of fraction (2) gave hexan-3-one oxime (4-7 g.) as a colourless oil, b. p. 98 — 100®/30 mm. 
(Found : N, 12 0. Calc, for CjHiaON : N, 12*2%). The oxime, with 2 : 4-dimtrophenylhydrazine in 
2N-hydrochloric acid, gave hexan-3-one 2 : 4-dinitrophenylhydrazone as red needles, m. p. 128 — 129® ; 
Allen (loc, cit.) gives m. p. 129® (Found : C. 60'95; H, 6-5; N, 20-4. Calc, for Ci*Hn 04 X *• C, 61*4; 
H, 6*7; N, 20*0%). 

Z^Aminohexane, A solution of hexan-3-one oxime (3*5 g.) in methyl alcohol (35 c.c.) was shaken with 
Raney nickel and hydrogen at 20®/l atm. until absorption ceased. The Altered solution was acidifled 
with hydrochloric acid and evaporated to dryness, and the residue after being washed with acetone 
afforded 3-aminohexane hydrochloride, m. p. 226 — 226°. Bevad {/. pr, Chem., 1901, 63, 230) gives m. p. 
227 — 229® (Found : Cl, 26*2. Calc, for C«Hi 4 N,HCl : Cl, 26*9%). The hydrochloride with potassium 
cyanate in boiling aqueous solution gave Z-ufeidohexane, m. p. 160 — 161° (Found ; C, 68*66; H, 11*3; 
N, 18*9. C^H^ONj requires C. 68*36; H, 11 1; N, 19*36%). 

Nitroethylene and n-Butylmagnesium Bromide, — ^Nitroethylene (14*6 g.) was brought into reaction with 
a Grignard solution, prepared from ft-butyl bromide (76*6 g.), as described above for ethylmagnesium 
bromide. When reaction was complete the mixture was cooled in -ice, decomposed by cautious addition 
of aqueous acetic acid (160 c.c. of 20%), and separated. The ethereal solution was washed with dilute 
sodium hydrogen carbonate solution, aned, and distilled. This gave two fractions : (1) b. p. 84°/21 mm., 
and (2) b. p. 120 — 123°/12 mm. Fraction (1), a colourless, sweet-smelling oil which gave the nitrolic acid 
reaction, was l-nitrohexane (Found ; C, 66*16; H, 9-S6; N, 10*66. Calc, for CeHijOjN : C, 64*95; H, 
9*9; N, 10*7%). Hydrolysis with concentrated hydrochloric acid at 160° in a sealed tube for 12 hours 
gave hexoic acid, which was characterised as the amide, m. p. 98°, and the anilide, m. p. 96°. Fraction 
(2) was a colourless oil, decan-b-one oxime (Found : C, 70*5; H, 12*46; N, 7*96. Cio^^iON requires C, 
70*2; H, 12*3; N, 8*2%). 

n~Hexylamine, A solution of l-nitrohexane (6*6 g.) in methyl alcohol (80 c.c.) was shaken with 
Raney nickel and hydrogen at 20°/l atm, until absorption ceased. The Altered solution was acidifled 
with hydrochloric acid and evaporated to dryness, giving the hydrochloride (2*26 g.) which, after being 
washed with acetone, had m. p. 217 — 218® (Found : Cl, 26*76. Calc, for C,HnN,HCl : Cl, 26*9%). 
With potassium cyanate in boiling aqueous solution the hydrochloride gave «-hexylurea, m. p. 108° (cf. 
Norstedt and Wahlforss. Ber,, 1892, 35i ruf. 637). 

6-Aminodecane. 6-Decanone oxime (3 g.) was dissolved in methyl alcohol and hydrogenated over 
Raney nickel at 20® /I atm. After filtration and evaporation, 6-aminodecane was obtained as an oil 
which on treatment with phenyl isocyanate gave 6^henylureidodecane, m. p. 129—130°, colourless 
needles from acetic acid (Found ; C, 73*86; H, 10*1; N, 10*16. Ci^HjgONt requires C, 73*9; H, 10*16; 
N, 10*16%). 

l-Nitro^2’-methylprop~l-ene and Ethylmagesium Bromide, — l-Nitro-2-methylprop-l-ene (26 g. ; Levy 
and Scaife, in the press) was dissolved m dry ether (26 c.c.) and cooled to 0°^ A solution of 
ethylmagnesium bromide (125 c.c.) was added during 1 hour with stirring at 0 — 6® ; no gas was evolved. 
The temperature was rais^ to 16° and a further 476 c.c. of the Grignard solution were added during 1 
hour at 15—25° ; 8*5 1, of ethane were evolved. The mixture was refiuxed for 12 hours, cooled and 
treated dropwise with water (125 c.c.) which liberated a further 6^5 L of ethane. After acidification with 
dilute hydrochloric acid» the mixture was separated and the aqueous portioii was made strongly alkaline 
with sodium hydroxide and steam-distilled. From the distillate was obtained by isolation with ether a 
small amount of a strongly basic oil which i^uced ammcmiacal silver nitrate. 

The ethereal solution, containing tiie acid-insolttble products, was dried and distilled, giving two 
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Iractioiis. Fraction (1) (6*2 g.)* ^ colourkas, sweet-smelling oil, b. p, 70° /26 mm., which gave the nitrolic 
acid reaction, was l-nitro-2 : 2-dimethylbtUane (I; R == Et) (Found: C, 54*75; H, 9-8; N. 10*8. 
CeHiaOaN requires C, 54*95; H, 9-9; N, 10*7%). Fraction (2) (10-1 g.), a colourless crystalline solid, 
b. p. 1007^^6 mm., was 9 : S-dimethylhexan-i^e oxime (II; R Et), m. p. 42 — 43°, from light 
petroleum (b. p. 40—60°) (Found : C, 67*65; H, 12*1; N, 9*66. requires C, 6716; H, 11-9; 

N, 9*8%). 

1- Amino-2 : 2‘dimethylbutane. A solution of the nitro-compound (4*3 g.) in methyl alcohol (60 c.c.) 
was shaken with Raney nickel and hydrogen at 20°/l atm. until absorption ceased. The filtered solution 
was fractionally distiffed, giving the amine as a colourless oil (2*3 g.), b. p. 110 — 116° (Found : equiv,, 
99*9. Calc, for CaHijN : equiv. 101). The picramide, yellow needles from alcohol, had m. p. 89° 
(Found: C. 46*26; H, 6*26; N, 17*85. Calc, for CiaHieOeNa : C, 46*16; H, 6*1; N, 18-0%). The 
benzenesulphonyl derivative had m. p. 69° (Found ; N, 6*06. Calc, for CiaHigOgKS : N, 6*8%). Drake, 
Kline, and Rose (/. Amer. Chem. Soc,, 1934, 66, 2079) give m. p. 88 — 88*6° for the picramide and m. p. 
69 — 69-6° for the benzenesulphonyl derivative of 1 -amino-2 : 2-dimethylbutane. 

4-Amino-9 : Z-dimeihylhexane, A solution of 3 : 3-diinethylhexan-4-one oxime (6*8 g.) in methyl 
alcohol (70 c.c.) was stirred in an autoclave with Raney nickel and hydrogen at 100°/100 atm. until 
absorption ceased. The filtered solution was acidified with hydrochloric acid and evaporated to dryness. 
The product was dissolved in a little water, washed with ether, basified with sodium hydroxide, extracted 
with ether, and the extract dried (KOH). Distillation gave ^amino-2 : 3-dimethylhexane (3*3 g.) as«a 
colourless oil, b. p. 162° (Found : equiv., 130*7. CgHj^N requires equiv., 129). Reaction with phenyl 
isocyanate in dry ether gave 4rphenylureido-9 : Z-dimethylhexane^ m. p. 167 — 158°, colourless needles 
from acetic acid (Found: C, 72*45; H, 9*66; N, 11*35. Ci5Ha40N2 requires C, 72*6; H, 9*7; N, 
11*3%). With picryl chloride in alcohol the base gave 4-picrylamino-Z : Z-dimethylhexane, m. p. 60°, 
orange plates from alcohol (Found : C, 49*6 ; H, 6*6 ; N, 16*65. Ci4HjoOeN4 requires C, 49*4 ; H, 
6*9; N, 16*46%). 

2~Nitfobut‘-2~ene and Ethylmagnesium Bromide. — 2-Nitrobut-2-ene (62 g. ; this series, Part III) was 
brought into reaction, under the conditions described above for nitroethylene, with a Grignard solution 
prepared from ethyl bromide (218 g.) ; 10 I. of ethane were evolved. Distillation of the acid-insoluble 
portion of the product under reduced pressure left a large non-volatile tarry residue, and repeated 
fractionation separated the distillate into two fractions. The acid-soluble portion (12 g.), fraction (3), 
was isolated by treatment of the aqueous solution with sodium hydroxide, followed by extraction with 
ether in a continuous extractor. Fraction (1) (20*3 g.), a colourless oil, b. p. 68 — 70°/26 mm., which 
gave the ^-nitrole reaction (Meyer, loc. cit.), was 2-nitYo-Z‘mtihylpent(me (Found : C, 64**75; H, 9*6; N, 
16*8. CeHiaOjN requires C, 64*95; H, 9*9; N, 10*7%). Fraction (2) (7 g.) was a colourless oil, b. p. 
98— 100720 mm., which did not give the Meyer nitro-paraffin test and did not react with 
2 : 4-dinitrophenylhydrazine in acid solution (Found : C, 67*8 ; H, 11*8 ; N, lO-l ; active H (Zerewitinoff) 
0-63. CgHi^ON requires C, 67*16; H, 11-9; N, 9*8; 1 active H, 0*7%). On reduction with Raney 
nickel and hydrogen in methyl alcohol at 100°/100 atm. fraction (2) gave a colourless basic oil, b. p. 
167 — 168° (Found : equiv., 130-2. CaH^N requires equiv., 129), which gave a hydrochloride of 
indefinite m. p., readily soluble in alcohol, acetone, and ether (Found : Cl, 21*66. C8Hi,N,HCI requires 
a, 21*46%). 

Fraction (3) was a strongly basic oil, boiling over a wide range (40 — 110°/10 mm.); it reduced 
ammoniacal silver nitrate and absorbed hydrogen in the presence of a nickel catalyst, but no crystalline 
derivatives could be obtained from the resulting mixture of amines. 

2- Amino-Z-methylpentane. A solution of 2-nitro-3-methylpentane (10 g.) in methyl alcohol (100 c.c.) 
was shaken with Raney nickel and hydrogen at 20°/l atm. until absorption ceased. The filtered solution 
was distilled, giving 2‘amino-Z^metkylpeniane as a colourless oil, b. p. 105—107° (Found : equiv., 102*7. 
CeHi»N requires equiv., 101). With picryl chloride it gave a picramide, m. p. 68 — 69° (Found : C, 
46*8; H, 6*1; N, 17*7. C requires C, 10^16; H, 6*1; N, 18*0%). 

The author wishes to acknowledge the interest and advice of Dr. H. A. Piggott and Mr. J. D. Rose in 
this work. 

iMPBRIAL ChBMICAJL INDUSTRIES LIMITED, RESEARCH LABORATORIES, 

Hexagon House, Blackley, Manchester, 9. [Received, January 2Zrd, 1947.] 


290 . Aliphatic Nitro-compotmds. Part XI. Preparation of Nitro- 
paraffms btf 1 : 4!-Addition of Organometdllic Halides to a-Nitro-olefins.* 
By Gerako D. BT7Gia.EY and Eric Ellery. 

A series of hitherto unknown or inaccessible nitro-paraiiins has been prepared by 
1 : 4-addition of alkyl- or aryl-magnesium halides or alkylzmc halides to a-nitro-olefins. By 
carrymg out the reaction below 10° and avoiding excess of organometallic haHde seccxidary 
reactions are almost completely suppressed, but the yield of nitro-paraffin never exceeds 65% 
and is frequently less> apparently owing to the simultaneous occurrence of some 1 : 2-addition* 

The fonnatioa of nitro-paraffin derivatives in high yield by the action of Grignard reagents on 
•di'- and tri-phenylnitroethyienes has been described by Kohler and Stone (/. Amer. Chem. Soc., 
1999, 58, 761). Under similar conditions simpler nitro-olefins yield a complex mixture of 

• Cf. B,P. 671,804. 
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products of which the nitro-paraffim forms only a small proportion (Part X of this series). The 
xutro*parafiins are formed by 1 : 4*addition of the Grignard reagent to the conjugated system 
and the by-products arise partly from 1 : 2-addition and partly from the action of excess of 
Grignard reagent on the initial addition products. 

The results described in Part X indicate that the initial addition occurs much more readily 
than the subsequent reactions, and it has now been found that, by working at low temperatures 
and avoiding excess of Grignard reagent, secondary reactions are suppressed, and nitro-paraffins 
are obtained as the main products. The reaction has been carried out on a variety of 
nitro-olefins and organomagnesium halides (and one alkylzinc halide) and appears to be quite 
general. The yields are frequently poor, but are probably capable of considerable improvement, 
since 60 — 65% yields were obtained consistently in the only two examples in which any attempt 
was made to determine the optimum conditions of reaction and isolation, viz,, the reaction of 
«-butylmagnesium bromide with nitroethylene and of ethylmagnesium bromide with 
l-nitro-2-methylprop- 1-ene. 

Ill the two cases in which alkylmagnesium iodides were used small amounts of crystalline 
by-products were formed, but owing to the smallness of the amounts available they were not 
further investigated ; no trace of these compounds was found when the corresponding bromides 
were used. 

Experimental. 

Microanalyses are by Mr. E. S. Morton, AU m. ps. are uncorrected. 

l~Nitro-2 : 2‘dimethylbutane, — (a) From ethylmagnesium bromide. A solution of ethylmagnesium 
bromide, prepared from ethyl bromide (48 g.) in ether (200 c.c.), was added during 1 hour to a stirred 
solution of l-nitro-2-methylprop- 1-ene (40 g. ; Levy and Scaife, in the press) in pure, dry ether (400 
C.C.), the temperature being held at 0 — 10°. The mixture was refluxed for 1 hour, cooled in ice, and 
treated cautiously with a solution of acetic acid (20 c.c.) in water (160 c.c.). The ethereal layer was 
washed with dilute sodium carbonate solution, dried, and distilled, giving l-nitro-2 ; 2-dimethylbutane 
(30-2 g. ; 60% of theory) as a sweet-smeUing oil, b. p. 168 — 170° (cf. Part X). 

(b) From ethylmagnesium iodide. To an ice-cold, stirred solution of ethylmagnesium iodide, 
prepared in the usual manner from ethyl iodide (78 g.) in ether (200 c.c.), was added l-nitro-2-methylprop- 
1-ene (34 g.) in ether (40 c.c.) during 1 hour at 0 — 10°. The mixture was stirred at 20° for 2 hours and 
worked up as before. Distillation of the crude product gave 25*3 g. (67*5% theory) of 
l-nitro-2 : 2-dimethylbutane, b. p. 168 — 170°. The undistilled residue was crystallised from alcohol, 
giving colourless granules (0*4 g.) of an unidentified product, m. p, 182° (Found : C, 52*25; H, 7*66; 
N, 14*75. CeH^OaN, requires C, 61*6 ; H, 7*5 ; N, 16*05%). 

(c) From ethylzinc iodide. A solution of ethylzinc ioaide in dry toluene, prepared from ethyl iodide 
(47 g.), was stirred at 0 — 10° and treated with a solution of l-nitro-2-methylprop- 1-ene (15 g.) in pure, 
dry ether (15 c.c.) during 1 hour. The mixture was then stirred at 60° for 3 hours, poured into ice, and 
treated with glacial acetic acid (20 c.c.). The organic layer was separated, dried, and fractionated to 
give l-nitro-2 : 2-dimethylbutane (5*6 g.), b. p. 78 — 80°/30 mm. 

NitronQopentane. — A solution of methylraagnesium iodide, prepared from methyl iodide (71 g.), was 
brought into reaction with l-nitro-2-methylprop-l-ene (34 g.) as described above for ethylmagnesium 
iodide. After working up in the usual manner, the crude product was distilled, giving nitroneopentane 
(16*2 g. ; 42%) as a colourless oil, b. p. 77— 78°/66 mm. (Found : C, 61*65 ; H, 9*36 ; N, 11*96. CsH^OsN 
requires C, 61*3 ; H, 9*4; N, 11*96%), The non-volatile residue crystallised on cooling and was purified 
by recrystallisation from alcohol and benzene, giving colourless prisms, m. p. 144° (Found : C, 46*8 ; H, 
7*8; N, 13*05. C4H80,N requires C, 47*06; H, 7*85; N, 13*7%). 

l’Nitro-2 : 2 ; 3 : Z-tetramethylpentane. — A solution of /^r/.-amylmagnesium chloride, prepared from 
f^yf.-amyl chloride (21*3 g.) by the method of Whitmore and Badertscher (/. Amer. Chem. Soc., 1933, 55 , 
1659), was brought into reaction with l-nitro-2-methylprop-l-ene (10 g.) as described above for 
ethylmagnesium iodide. After isolation as before, the crude product was fractionated to give a colourless 
oil (6*5 g.), b. p. 102 — 106°/11 mm., having a camphor-like odour (Found : C, 62*66; H, 10*65; N, 8*46, 
CgHj.OaN requires C, 62*46; H, 10*95; N, 8*1%). 

aapp-Tetramethylvaleric Add, — l-Nitro-2 : 2 ; 3 : 3-tetramethylpentane (6 g.) was mixed with con- 
centrated aqueous hydrochloric acid (20 c.c.) and heated in a sealed tube at 150° for 6 hours. The 
product was diluted with water and extracted with ether, and the ethereal solution washed thoroughly 
with dilute aqueous sodium carbonate. The alkaline extract was acidified with dilute sulphuric acid, 
extracted with ether, and the dried ethereal solution was distilled, giving, aapfi-tetramethylvaleric 
add, h. p. 122°/16 mm., m. p. 89 — 90° [from light petroleum (b. p. 40—60°)] (Found : C, 68*8; H, 11*4; 
equiv., 168. requires C, 68*36 ; H, 11*4%; equiv., i68). 

l-‘Nitro-2 : 2-dimethylpent-^^ene. — Allyl bromide (41 g.) in dry ether (260 c.c.) was converted into the 
Grign^d reagent by the method of Gilman and McGlumphy (Bull. Soc. chim., 1928, 48, 1322), and the 
resulting solution filtered through glass wool and cooled to 0°. A solution of l-nitro-2-methyIprop-l-ene 
(20 g.) in dry ether (60 c.c.) was then added with stirring during 1 hour at 0—10°. After being stirred at 
20° for 2 hours the mixture was poured into ice, treated with acetic acid (26 c.c.), and separated. The 
ethereal solution was dried and distilled under reduced pressure, giving much unchanged 
l-nitro-2-methylprop-l-ene and a small yield (6*6 g.) of l-nifro-2 : 2-dimethylpent-^ene, b. p. 77°/20 mm, 
(Found : N, 9*7. requires N, 9*8%). This was a pleasant-smelling oil, which ^ve Ihe 

Meyer test for a primary mtro-compound, ana reacted with bromine in carbon tetrachloride to give 
a liquid bromo-derivative. 
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l*Niivohtxane . — ^Nitroethylene (21 g.) dissolved in dry ether (100 c.c.) was added during 1 hour to a 
stirred solution of «-butylmagnesium bromide (0*4 g. mol.) in ether (250 c.c.). A vigorous exothermic 
reaction ensued, and the temperature was maintained below 0° with a freezing mixture; when the 
addition was complete the mixture was stirred for 1 hour at 20® and the complex decomposed by cautious 
addition of a solution of acetic acid (48 c.c.) in water (240 c.c.). After being stirred for a further 45 
minutes, the mixture was steam-distilled, the ethereal layer of distillate separated, dried, and distilled, 
giving 38-6 g.(66%) of 1-nitrohexane, b. p. 84® /21 mm. ; w??* 1-4270 (cf. Part X of this series) (Found : N, 
10-65. Calc, for C*Hi,0,N : N, 10-7%). 

^Nitro-Z-methylpentane. — 2-Nitrobut-2-ene (60 g. ; this series. Part III) was dissolved in dty ether 
(260 c.c.) and brought into reaction with a solution of ethylmagnesium bromide (0-76 g. mol.) in ether 
(376 c.c.) as described above for the preparation of 1-nitrohexane. After working up in the usual wajr 
2-nitro-3-methylpentane (27*7 g. ; 42-5%) was obtained as a colourless oil, b. p. 70 — 73®/20 mm. ; 

1- 4320 (cf. Part X of this series) (Found : N, 10-8. Calc, for CeH^OaN : N, 10-7%). 

2>-Nitropentane. — 2-Nitroprop-l-ene (17*4 g. ; this series, Part I) dissolved in dry ether (60 c.c.) was 
brought into reaction with ethylmagnesium bromide (from 22 g. of ethyl bromide) in ether (100 c.c.) as 
described above for the preparation of 1-nitrohexane. After working up in the usual way the crude 
distillate (b. p. 40 — 60®/ 12 mm.) was washed with aqueous sodium hydrogen sulphite to remove 
unchanged 2-nitroprop-l-ene, dried, and fractionated, giving a colourless oil, b. p. 148 — 160®. 

2- Nitropentane is a pleasant-smelling oil, soluble in dilute aqueous sodium hydroxide, which gives the 
Meyer test for a secondary nitro-compound (Found : C, 51-65 ; H, 9-7 ; N. 11-8. CgH^OaN requires C, 
61*3; H, 9-4; N, 11*96%). Reduction of 2-nitropentane (3-6 g.) in methyl alcohol with hydrogen in the 
presence of Raney nickel in the usual way gave 2-aminopentane, isolated as the hydrochloride (3*4 g.). 
Reaction of the base with phenyl isocyanate gave the phenylurea, m. p. 119 — 120°, colourless plates from 
aqueous alcohol. Mailhe (Bull. Soc. chim., 1905, 83, 966) gives m. p. 120® for JV-phenyl-iV'-a-methyl- 
butylurea (Found : N, 13*6. Calc, for Ci2Hi80Ng : N, 13-6%). 

2-NitrO‘Z-methylpentadecane. — A solution of dodecylmagnesium bromide (from 65 g. of dodecyl 
bromide) in dry ether (260 c.c.) was added during 1 hour to a stirred solution of 2-nitrobut-2-ene (30 g.) 
in dry ether (160 c.c.) at 0—6°. The mixture was refluxed for 1 hour, cooled, and treated cautiously 
with aqueous acetic acid (120 c.c. of 20%). The mixture was stirred until all the magnesium salts had 
dissolved, and the ethereal layer was dri^, concentrated, and the residue repeatedly fractionated in a 
vacuum to give the nitro-compound (20 g.) as a pale yellow oil, b. p. Ill — 115®/0*06 mm. (Found ; C, 
71-0; H, 12-1 ; N, 6-86. Cx^HaaO^N requires C, 70*86; H, 12-2; N, 6*2%). This gave the Meyer test 
for a secondary nitro-compound and formed a crystalline sodium salt on treatment with alcoholic sodium 
hydroxide. 

^'■Amino-Z-methylpentadecane. — The nitro-compound (10 g.) was catalytically reduced in methyl 
alcohol in the presence of Raney nickel at ordinary temperature and pressure. Distillation of the 
filtered solution gave the amine (6-6 g.) as a colourless oil, b. p. 158 — 160®/! 1 mm. (Found : equiv., 237. 
CjaHaaN requires equiv., 241). An aqueous solution of the hydrochloride, on being boiled with excess 
potassium cyanate, deposited colourless crystals of 2-ureidO’Z-methylpentadecane, m. p. 122 — 123° (from 
alcohol) (Found : C, 71*4; H, 12*4; N, 9-9. Ci,H 3 eON 2 requires C, 71-8; H, 12*7; N, 9-9%). 

2-NitroisopYOpylc.yc\ohexane. — cj^c/oHexylmagnesium bromide (from 81*5 g. of cycldhQxyl bromide) 
was brought into reaction with l-nitroprop-l-ene (29 g. ; this series. Part I) as described above for the 
preparation of 1-nitrohexane, After decomposition of the complex the ethereal layer was concentrated 
and the residue dissolved in alcohol (200 c.c.), treated with aqueous sodium hydroxide (36 c.c. of 32%) at 
0 — 5®, the solution diluted with water (400 c.c.), and washed with ether. The aqueous solution was 
made acid to Congo-red with concentrated hydrochloric acid at 0 — 5° and extracted with ether. The 
extract was dried and distilled, giving 2-nitroisopropylcyc\ohexane as a pale yellow oil, b. p. 122°/ 16 mm. 
(Found : C, 63*4; H, 9*7; N, 8-2. C.Hi^OgN requires C, 63*16; H, 9*95; N, 8-2%). 

2-Nitro-Z-phenylbutane. — Phenylmagnesium bromide (from 61 g. of bromobenzene) was brought into 
reaction with 2-nitrobut-2-ene (20 g.) as described above for the preparation of 1-nitrohexane. After 
isolation in the usual manner the product was distilled under reduced pressure, giving impure 
2-nitro-3-phenylbutane (22*6 g.), b. p, 118 — 120®/13 mm. This material, which appeared to contain 
some diphenyl, was not further purified but was reduced with hydrogen in methyl alcohol in the presence 
of Raney nickel at ordinary temperature and pressure. The filtered solution was acidified with 
hydrochloric acid and evaporated to dryness on the steam-bath, the residue dissolved in water, and 
washed with ether. The aqueous solution was then basified with concentrated sodium hydroxide and 
extracted with ether. The extract was dried (KOH) and distilled, giving the amine as a colourless oil 
(10-7 g.), b. p. 87°/12 mm. (Found : equiv., 147. CjoHigN requires equiv., 149). Reaction with picryl 
chloride gave 2-picfylaminO’-Z-phenylhutane, m. p. 119 — 120®, yellow plates from alcohol (Found : N,. 
16*66. Ci8Hx60eN4 requires N, 16*65%). 

2-Nitro-Z-phenylheptane. — 2-Nitro-l-phenylproi)-l-ene (32 g. ; Alles, J. Amer. Chem. Soc., 1932, 64 , 
272) dissolved in dioxan (120 c.c.) was added during 1 hour to a stirred ethereal solution (150 c.c.) of 
butylmagnesium bromide (prepared from 42 g. of butyl bromide) at 0 — 5®. The mixture was stirred at 
20° for 1 hour and the product isolated in the usual way. Distillation gave impure 2-nitro-3-phenyl- 
heptane (29 g.), b. p. 62 — 90®/0*02 mm., which was not further purified, but was reduced with hydrogen 
and Raney nickel in methyl alcohol. The filtered solution was acidified with hydrochloric acid and 
evaporated to dryness on the steam-bath ; the residue was dissolved in water and washed with ether. 
The aqueous solution was basified with sodium hydroxide and the amine isolated with ether. Distillation 
gave Z-amino-Z-phenylh^tane as a colourless oil, b. p. 114 — 116®/9 mm. (Found : equiv., 191. CijHjjN 
requires equiv., 191). This material, apparently a mixture of stereoisomerides, gave a hydrochloride of 
indefinite m. p. (Found : Cl, 16*6. Ci 3 HjiN,HCl requires Cl, 16*6%). Attempts to prepare crystalline 
derivatives w&h benzoyl chloride, phenyl isocyanate, picryl chloride, and nitrourea failed. 

l-‘NitrO’2-{2-furyl)hexane . — A solution of l-nitro-2-(2-furyl)ethylene (14 g. ; Thiele and Landers, 
Annalen, 1909, 869 , 303) in dioxan (70 c.c.) was added during 1 hour at 0 — 10° to a stirred solution (160- 
c.c.) of ^-butylmagnesium bromide prepared from w-butyl bromide (34*6 g.). The solution was stirred 
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at ^ for 18 houfs, poured on ice, and the product iscdsated in the usual way, giving l-«*/fe-2-(2i-/wryl)- 
bextme m apale yellow oil (6*6 g.)r b. p. 78 — mm. (Found : N, 7*2, Ci^H^OgN requires K, 7»1%^. 

l^NUrO’-Z^enzylcyclohexane, — An ethereal solution of benzylmagnesium chloride (prepared from 34 g, 
of bensyl chloride) was brought into reaction with l-nitroryc/ohexeae (32 g. ; Wieland ei al„ Annaicn, 
1921, 4»4, 71) as described above for the preparation of l-nitrohexane. Distillation of the product gave 
unpure l-iiitro- 2 >ben 2 yl^;ydohexane (23*6 g.), b. f. 91 — 115^/0*04 mm. This material, apparently 
containing 1 : 2-diphenylethane, was hydrogenated m the usual way over Raney nickel without further 
purification. The resulting amine was purified through its hydrochloride and finally distilled, giving a 
colourless oil (12*5 g.), b. p. 138 — 140®/ll mm. (Found ; equiv., 191. Calc, for CijHijN : equiv., 189). 
This base, apparently a mixture of isomerides, was dissolved in benzene (60 c.c.) and shaken with 
2N-hydrochloric acid (70 c.c.). After 46 minutes, the precipitated hydrochloride was collected; Ihis 
appeared to be still a mixture, and no pure derivatives could be isolated from it. On standing overnight 
the mother liquor deposited a second precipitate which was collected and crystallised repeatedly from 
2N*hydrochloric acid to give pure cis-2-benzyl^c/ohexylamine hydrochloride, m. p. 224°. This formed 
an acetyl derivative, m. p. 116°, and a benzoyl derivative, m. p. 156° (Found : C, 82*6; H, 8*26; N, 
4*7. Calc, for C^H,sON ; C, 81-9 ; H, 7*86 ; N, 4*8%). No m. p. depression was observed on admixture 
of these derivatives with authentic specimens prepared according to Schopf and Boettcher {AnnaUn, 
1926, 448 , 1). 

The authors thank Dr. H. A. Piggott and Mr. J. D, Rose for their interest and encouragement in this 
work. 
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291. Aliphatic Nitro-compounds. Part XII. Preparation and 
Reduction of 2-Nitrocilhyl Cyanides.* 

By G. D. Buckley, R. L. Heath, and J. D. Rose. 

Interaction of alkali-metal cyanides (or mixtures of these with hydrogen cyanide) and 
a-nitro-olefins yields 2-nitroalkyl cyanides. 2-Nitro~\-methylisopropyl cyanide, formed in 
90% yield from l-nitro-2-methylpTop-l-ene and hydrogen cyanide-potassium cyanide, yields 
on catalytic reduction only minor quantities of the expected 2-amin<>^\-methylhaopfopyl cyanide 
and 1 ; 3-diamino-2 : 2-dimethylpropane, the major products being 2-amino-l-methylisobuiyr^ 
amide and 6 : 6-dimetkyl-2-{l-carbamylisopropyl)hexahydropyrimidine (III). 2-Nitropropyl 
cyanide, 2-nitroisopropyl cyanide, and 2-nitro-l-methylpropyl cyanide on reduction yield, m 
addition to the amino-cyanides, some of the corresponding amino-amides. 

In connection with a general programme of work on the addition reactions of the a-nitro- 
olefins, a study of the formation of 2-nitroalkyl cyanides by interaction of metallic cyanides 
(or mixtures of these with hydrogen cyanide) with a-nitro-olefins was undertaken. The reduc- 
tion of the nitroalkyl cyanides was investigated as a potential technical route to certain 
1 : 3-diamines and p-amino-acids required for synthetic work in another connection. 

The literature contains only one reference to the interaction of a metal cyanide with an 
a-nitro-olefm. Hollemann (Rec. Trav. chim., 1904, 23, 283) showed that by interaction of 
p-nitrostyrene and potassium cyanide, two stereoisomerides of 1 : 4-diiiitro-2-cyano-2 : 3-di- 
phenylbutane (II) were formed. 

Ph-CIKGH-NO. 

Ph*CH:CH-NO, 4* HCN — >. Fh<ai(CN)-CH,-NO, > Ph-C(CN)-CHPh-CH8-NOa 

(I.) in, -NO, (IL) 

The primary reaction in the formation of (II) must be the addition of hydrogen cyanide 
to the nitro-olefin, giving 2-nitro-l-phenylethyi cyanide (I), which by furth^ reaction with 
nitrostyrene afEords (II), 

Interaction of 1- and 2-nitrof)rop- 1-ene with aqueous potassium cyanide gave 2-nitroisopropyl 
■cyanide and 2-niiro-^n-propyl cyanide, re^ctively, but the yields were poor (10 — 16%), much 
of the olefin being lost by polymerisation in the alkaline reaction medium. 2-Nitn>but-2-ene, 
which polymerises much less readily than its lower homologues, gave a 60% yield of 
methylrn-propyl cyanide, and 76 — 90% yields of nitfo-tert.-huiyl cyanide were obtained from 
l-nitro-2-methylprap- 1-ene and potassium cyanide, or mixtures of potasskmi cyanide with 
hydrogen cyanide. It was shown that hydrogen cyanide alone will not add to the ethylenk 
linkage of this nitro-olefin, but in the presence of small quantities of potassium cyanide (6 — 20% 
of the total of CN ion) excellent yields are obtained. 

SuFprisiiig results were obtained in the reduction of the 2-iiitroalkyl cyanides. Catalytic 

^ Patent applicatioa pending. 
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rediiclion of 2-iutroisopropyl cyanide in methyl alcohol at ordinary teni|>erature and pressure 
in presence of Raney nickel catalyst |:ave a low 3deld of ^•aminoisobutyramide. Similar reduc- 
tion of 2-nitro-l-methyl-«-propyl cyanide afforded a mixture of the expected aminoalkyl 
cyanide and ^amin<Mt*fneihylbtdyramide, whilst reduction in the presence of anhydrous ammonia 
under pressure gave the amino-amide and some 1 : 3-diamino-2-methylpropane. In none of 
the above cases was the yield of reduction products good, and attention was turned for closer 
study to the more readily available nitro-Z^r/.-butyl cyanide. Chemical reduction of this with 
iron and hydrochloric acid gave a 66% yield of amino-text.-buiyl cyanide and 6% of p-amiwo- 
OLa-dimethylpropionamide, Catalytic reduction at ordinary temperature and pressure of the 
nitroalkyl cyanide in methyl alcohol with a 6% palladium on calcium carbonate catalyst gave 
the amino-amide in 90% yield and in methyl alcoholic ammonia at 100®/ 100 atms. with Raney 
nickel, 20% of the amino-amide and 15% of 1 : 3-diamino-2 : 2-dimethylpropane were obtained. 
On reduction in methyl alcohol with hydrogen at ordinary temperature and pressure in the 
presence of Raney nickel, four products were obtained : (a) the aminoalkyl cyanide (1*6%), 
(b) the diamine (1*5%), (c) the amino-amide (60%), and (d) a solid, C10H21ON3 (20%), which 
separated as pearly plates, m. p. 160°, when the filtered reduction solution was concentrated. 

In attempting to prepare derivatives of the solid (d), it was observed that by the action 
of reagents for amines, the derivatives {hydrochloride, picrate, benzoyl derivative) which were 
obtained were identical with those formed directly from 1 : 3-diamino-2 ; 2-dimethylpropane. 
It was, therefore, clear that the solid was a derivative of this diamine which was easily hydrolysed 
by acid and alkaline reagents, thus : 

CioHajONg + H*0 — CHg(NHg)-CMea-CHa*NHa -f- CgH.OgN 

By addition of a 2N-hydrochloric acid solution of 2 : 4-dinitrophenylhydrazine to the base, 
Cj^HgiONg, in dilute hydrochloric acid, a 2 : ^’dinitrophenylhydrazonc, CuHigOsNg, was obtained 
{i.e,, the derivative of a ketone or aldehyde, C5H9O2N). This is formulated as a-carbamyh5o- 
butaldehyde (IV), and the substance, C,„H„ON„ as 5 : b-dimeihyU2-{\-carbamylisopropyiy 
hexahydropyrimidine (III) ; the ease of fission of substituted hexahydropyrimidines is well 
recognised (cf. Veer, Rec, Trav. chim., 1938, 57, 989). 


NH 

^CH-CMe,-CO-NHj 
CMe, HH 

V / /ITT \ 


CHgCNHg) -CMeg-CHg-NHg 

+ 

CHO-CMeg-CO-NHa 

(IV.) 


The mechanism of formation of the hexahydropyrimidine is obscure; Veer {loc. cit.) showed 
that derivatives of 1 : 3-diaminopropane condense with aldehydes merely on warming in 
alcoholic solution, but it is difficult to visualise conditions during a catalytic reduction which 
would convert the primary nitro-group, -CHg’NOa, into the aldehyde group, -CHO. It is 
considered more probable that the intermediate in this case is p-carbamyl/5/?butaldoxime (V), 
which condenses with the diaminopropane with loss of hydroxylamine, thus : 

QHa-NHg __ ^ (?H:N-0H CH,(NH.)-CMe,-CH/NH.^ ^ 

CMe,*CN ^CMe,‘CO-NH, -r > « 

(V.) 

The formation of amino-amides by mild catalytic reduction of the 2-nitroalkyl cyanides is 
surprising. It is thought that this is not simple addition of water to the aminoalkyl cyanide ; 
an experiment was carried out in which nitro-i^r/.-butyl cyanide was shaken at room tem- 
perature in methyl alcohol with water (2 mols.) and Raney nickel (i.e., the conditions of the 
hydrogenation). The aminoalkyl cyanide was recovered unchanged. It is possible that 
amide formation proceeds through an isooxazole as intermediate product (isooxazoles are known 
to undergo fission on hydrogenation), but no experimental proof for this can be given. 


Experimental. 

Analyses are by Mr. E. S. Morton. M. ps. are uncorrected. 

2-Niiroiaopropyl Cyanide. — 1-Nitroprop-l-ene (60 g. ; this series. Part I) in alcohol (240 c.c.) was 
added dropwise to a well-stirred solutW of potassium cyanide (40 g.) in water (300 c.c.) at — 6° to 0®. 
The solution was stirred at 0® for a further 4 hours, acidified at 0 — 6° with 6N-hydrochloric acid (130 c.c.), 
concentrated under reduced pressure at 40° to 300 c.c., and after isolation with ether the cyanide (16*4 g. ; 
25%), b. p. 68— 70°/0-6 mm., was obtained (Found: C, 42-6; H, 6-2; N. 23-9. CgHeOgNj requires 
C, 42-1; H, 6*8; N. 24*6%). . ^ ^ 

p-Amininsotmtyr amide . — ^The cyanide (3*26 g.) in methyl alcohol (60 c.c.) was shaken in hydrogen 
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at 25*’/760 mm. in the presence of Raney nickel. Absorption (1916 c.c. of hydrogen) was complete in 
6} hours. The catalyst was separated, the alcohol removed, and the product distilled, giving the 
amide (0*44 g. ; 46%), b. p, 76—82®/0’3 mm., which was identified as the picrate, m. p. 232° (Found : 
N, 20-6. C4 HjoON 2,C.H,07N, requires N. 2M%). 

2-Nitro-’tL-propyl Cyanide, — ^This compound was prepared from 2-nitroprop-l-ene (60 g. ; this series. 
Part I) and sodium cyanide (28*2 g.) as described for the *5£)-derivative above; it was obtained as a 
Straw-coloured liquid (10 g. ; 16%), b. p. 81 — 82°/0*6 mm. (Found: C, 42*7; H, 6-0. C4H40|Nj 
requires C, 42-1 ; H, 6*3%). 

2-Nitro‘l-methyl<i-propyl Cyanide. — This compound was prepared from 2-nitrobut-2-ene (68 ^g.; 
this series. Part III) in alcohol (600 c.c.) and pot^sium cyanide (38 g.) in water (300 c.c.) at 10 — 20°. 
Isolation in the usual way yielded the cyanide (32 g. ; 50%) as a pale yellow, mobile oil, b. p. 61 — 
66°/0*2 mm. (Found : C, 47*0; H, 6*4. requires C, 46*9; H, 6*2%). 

Reduction of ^-Nitro-l-methyUn-propyl Cyanide, — (a) With Raney nickel at ordinary pressure. The 
cyanide (10-4 g.) in methyl alcohol (80 c.c.) was shaken in hydrogen at 20°/760 mm. in the presence of 
Haney nickel. Absorption was 4930 c.c. of hydrogen at 0°y760 mm. [Calc. (3 mols.), 6460 c.c.]. The 
catalyst was separated and the product distilled, giving : (i) 2-Amino-l-methyl-w-propyl cyanide, b. p. 
30°/0 06 mm. (0-5 g.), characterised as its hydrochloride, white crystals from alcohol-ether, m. p. 166° 
(Found: C, 44*6; H, 8*3; N, 20*8. CjHwNj.HCl requires C, 44*6 ; H, 8*3; N, 20*8%). (ii) jS-Amino- 
a-methylbutyramide, b. p. 146 — 166°/16 mm., 96 — 100°/0*05 mm. (1*7 g.), which solidified on keeping 
and after crystallisation from dry benzene had m. p. 62 — 63°. The amide was extremely deliquescent 
and satisfactory analyses could not be obtained. Neither the hydrochloride nor the picrate could be 
obtained in a crystalline condition, and the amide was characterised as the picrolonaie, m. p. 214° 
(Found : N, 22*1. C6H„ONj,CioH804N4 requires N, 22*1%). 

(b) With Raney nickel and anhydrous ammonia under pressure. The cyanide (23 g.) in methyl 
alcohol (260 c.c.) and anhydrous ammonia (70 g.) was heated at 100° with hydrogen (initial pressure, 
100 atms.) in an internally agitated stainless steel autoclave for 1 hour. The filtered solution was 
made acid to Congo-red with hydrochloric acid and evaporated to dryness at 40° under reduced pressure. 
The residue was treated with excess of aqueous potassium hydroxide and the product isolated with 
ether, giving : (i) 1 : 3-diamino-2-methylpropane, b. p. 60 — 70°/16 mm. (2 g.) (Found ; equiv., 60. 
Calc. : 51); and (ii) jS-amino-q-methylbutyramide, b. p. 145 — 165°/15 mm., m. p. 62 — 63°. 

Nitro-tert.-butyl Cyanide. — (a) From \-nitro~2-methylprop-\-ene and potassium cyanide. 1-Nitro- 
2-methylprop-l-ene (101 g. ; Levy and Scaife, in the press) in alcohol (600 c.c.) was added slowly to 
a stirred aqueous solution of potassium cyanide (65 g. in 500 c.c.) at 20 — 25°. Stirring was continued 
for 6 hours and the mixture then acidified with 6N-hydrochloric acid (240 c.c.) at 6—10°. The white, 
crystalline precipitate was collected, washed with cold water and recrystallised from ether, giving 
nitro-tert.-buiyl cyanide (96 g. ; 75%), m. p. 42°, b. p. 66 — 67°/0*2 mm. (Found : C, 47*1 ; H, 6*1 ; N, 21*3. 
CfiHgOaNa requires C, 46*9; H, 6*2; N, 21*9%). 

(b) From l-nitro-2-methylprop-l-ene, hydrogen cyanide, and potassium cyanide. A mixture of the 
nitro-olefin (10*1 g.), hydrogen cyanide (6 g.), and potassium cyanide (0*326 g. ; 6%) in 50% aqueous 
alcohol (50 c.c.) was stirred at room temperature for 24 hours. Water (60 c.c.) was then added and 
the solution at 0 — 6° made acid to Congo-red with hydrochloric acid. The precipitated cyanide was 
isolated with ether and recrystallised from ether, m. p. 42°. Yield, 10*3 g. (83%). In this prepar- 
ation, the use of 1% of potassium cyanide reduced the yield to 10%; with 20% of potassium cyanide 
the yield was 87% ; in the absence of potassium cyanide (hydrogen cyanide alone) no nitroalkyl cyanide 
was obtained. 

(c) From nitro-tert.-butyl acetate and potassium cyanide. Nitro-f^r/. -butyl acetate (8 g. ; this series. 
Part XVIIl) w'as added dropwise to a vigorously stirred aqueous solution of potassium cyanide (4 g. 
in 25 c.c.) at 25 — 30°. Stirring was continued for 16 hours at 30°, the solution acidified at 0 — 6° with 
5N-hydrochloric acid, and the precipitated cyanide crystallised from ether, m. p. 42°. Yield, 2*5 g. 
(40%). 

Reduction of Nitro-tert.-butyl Cyanide. — (a) With iron and hydrochloric acid. A mixture of iron filings 
(35 g.), concentrated hydrochloric acid (10 c.c.), and water (76 c.c.) was allowed to react at 60 — 70° 
until evolution of hydrogen ceased. The cyanide (21 g.) in alcohol (50 c.c.) was then added at a rate 
sufficient to maintain the temperature of the vigorously stirred mixture at 60 — 70°, and stirring was 
continued at the same temperature for a further 8 hours. The mixture was filtered, acidified with 
concentrated hydrochloric acid, and evaporated to dryness, and the free bases, liberated by addition 
of an excess of 60% aqueous potassium hydroxide, were isolated with ether. Distillation gave : 
(i) Amino-tort.-butyl cyanide (10*2 g. ; 66%), b. p. 63°/15 mm., m. p. 10° (Found: C, 61*6; H, 9*7. 
CjHioNg requires C, 61*2; H, 10*2%); from alcohol, m. p. 260° (Found: C, 44*6; H, 8*2; 

N, 20*6. C5HxoN 2,HC1 requires C, 44*6; H, 8*2; N, 20*8%) ; picrate, from water, m. p. 183° (Found : 
C, 40*3; H, 3*8 ; N, 21*4. CgHioN^CgHgO^N, requires C, 4^6*4; H, 3*9; N, 21*4%) ; derivative, 

from alcohol, m. p. 122° (Found: C, 71*3; H, 6*6; N, 13*9. C^HigONj requires C, 71*3; H, 6*9; 
N, 13*9%) . Reduction of this aminoalkyl cyanide by shaking in methyl-alcoholic solution with hydrogen 
and Raney nickel at ordinary temperature and pressure afforded 1 : 2~diamino-2 : 2-dimethylpropane, 
b. p. 66°/l6 mm., 153°/760 mm. (Found: C, 68*4; H, 13*6; N, 27*0. CjHuNg requires C, 58*8; 
H, 13*7; N, 27*4%); dihydrochloride, ra. p. 269° [Komppa and Seron (Ann. Acad, Sci. Fennicce, 1933, 
27A, No. 7, 8; cf. Chem. Abs., 1933, 3964) give m. p. 280—281°] (Found : C, 34*6; H, 8*6; N, 16*7; 
Cl, 40*1. Calc. forCjHi*N8,2HCl : C, 34*3; H, 9*1 ; N, 16*0; Cl, 40*6%) ; dipicrate, m. p. 234° (Komppa 
and Seron, loc. cit., give m. p. 240°) (Found : C, 36*6; H, 3*6; N, 19*8. Calc, for C,Hi4Nj,2C8Hj07N, : 
C, 36*4; H, 3*6 ; N, 20 0%) ; dibenzoyl derivative, long needles from aqueous alcohol, m. p. 162° (Found : 
C, 73*7; H, 7*3; N, 9*0. CigH^OaNg requires C. 73*6; H, 7*1: N, 9*0^. (ii) jS-Amino-aa-dimethyl- 
propionamide (I g. ; 6%), b, p. 145°/15 mm., which solidified arid after c^stallisation from dry benzene 
had m. p. 74 — 76° (Found: equiv. by titration, 116. Calc.: 116). This compound was highly 
deliquescent and satisfactory an^uyses could not be obtained; it was characterised as the following 
derivatives : hydrochloride, fine needles from absolute alcohol, m. p. 172° (Found : C, 39*6 ; H, 8*7 ; 
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N, 17-8; a, 23-3. C,Hi,ON„Ha resquires C. 30-5; H, 8-6: N. 18-3; Cl, 23-3%); hydrobromide. 
plates from absolute alcohol, m. p. 202° (Found ; C, 30-6; H, 6-2; N, 14-1; Br, 40-8. C,Hi,ON„HBr 
requires C, 30*6 ; H, 6*6 ; N, 14*2 ; Br, 40*6%) ; picrate, flat prisms from ^cohol, m. p. 190° (Found : 
C, 38*4; H, 4*2; N, 20*4. C5Hij0N8,C^Ha07N8 requires C, 38*3; H, 4*3; N, 20*3%); phenylurea, 
prisms from alcohol, m. p. 199-“200° (Found : C, 61*2; H, 7*0; N, 17*2. Ci,Hj702N, requires C, 61*2 ; 
H, 7*2; N, 17*8%). The benzoyl derivative, prisms from alcohol-ether, m. p. 151° (Found : C, 65*5; 
H, 7*2; N, 12*6. CijjHigOgNa requires C, 66*4; H. 7*3; N, 12*7%), on being heated with excess of 
thionyl chloride, gave 2-benzamido-l ; l-dimethyl>/^rf. -butyl cyanide, m. p. 122°, identical with that 
described above. 

(b) Reduction with hydrogen and Raney nickel at ordinary pressure. The nitroalkyl cyanide (42 g.) 
in methyl alcohol (460 c.c.) was shaken in hydrogen in presence of Raney nickel at ordinary pressure 
and temperature. Absorption was 22*7 1. of hydrogen at N.T.P. [Calc. (3 mols.), 22*4 1.]. The catalyst 
was separated and the filtrate concentrated, giving a solid (A) and a liquid, separated by filtration. The 
liquid was distilled, giving the following : (i) Amino-f^r/.-butyl cyanide (0*5 g. ; 1*6%), m. p. 10°. (ii) 1 ; 3- 
Piamino-2 ; 2-dimethylpropane (0*6 g. ; 1*6%) ; dihydrochloride, m. p. 269°; dipicrate, ro. p. 234°. (iii) 
/?-Amino-aa-dimethylpropionamide (19 g. ; 60%), m. p. 74 — 76°. The solid (-4), above, recrystallised 
from absolute alcohol, gave 6 : ^•dimethyl-2- {l-carbamylisopropyl) hexahy dr opyrimidine {6*5 g. ; 20%) 
in pearly plates, m. p. 160° (Found : C, 60*2; H, 10*1; N, 20*6. C10H21ON3 requires C, 60*3; H, 
10*5; N, 21*0%). On addition of a dry, ethereal solution of hydrogen chloride to the base in alcohol 
at 0-— 10°, 1 : 3-diamino-2 : 2-dimethylpropane dihydrochloride, m. p. and mixed m. p. with an authentic 
specimen 269°, separated in 42% yield. Similarly, addition of hot, aqueous picric acid to an alcoholic 
solution of the hydropyrimidine gave 1 : 3-diamino-2 ; 2-dimethylpropane dipicrate, m. p. and mixed 
m. p. 234°, and benzoylation by the Schotten-Baumann procedure gave 1 : 3-dibenzamido-2 : 2-di- 
methylpropane, m. p. and mixed m. p. 152°. Addition of 2 : 4-dinitrophenylhydrazine in 2N-hydro- 
chlonc acid to a solution of the pyrimidine in hydrochloric acid gave a pale yellow, crystalline pre- 
cipitate, which, crystallised from methyl alcohol, yielded p-carbamylisobutaldehyde 2 : ^-dinitrophenyl- 
hydrazone, m. p. 196° (Found: C, 44*7; H, 4*4; N, 23-6. CnHijOgNg requires C, 44-7; H, 4-4; 
N, 23*7%). 

(c) Reduction with hydrogen and palladium. The nitro-cyanide (10 g.) in methyl alcohol (50 c.c.) 
was shaken in hydrogen with a 6% palladium on calcium carbonate catalyst at ordinary pressure. 
Absorption was 5-2 1. of hydrogen at N.T.P. [Calc. (3 mols.), 5*25 1.]. The catalyst was removed and 
the solution distilled, yielding j3-amino-aa-dimethylpropionamidc, m. p. 74 — 76° (8*0 g. ; 89%). 

(d) Reduction with hydrogen and Raney nickel in presence of anhydrous ammonia. The nitro-cyanide 
(46 g.) in methyl alcohol (250 c.c.) and anhydrous ammonia (140 g.) was heated at 100° in an internally 
agitated, stainless steel autoclave with hydrogen at 100 atms. initial pressure and Raney nickel (10 g.). 
Hydrogenation was complete in 1 hour. After evaporation of the ammonia, the catalyst was removed 
and the product distilled, giving: (i) 1 : 3-Diamino-2 : 2-dimethylpropane, b. p. 65"/15 mm. (5'5 g. ; 
16%). (ii) ]S-Amino-aa-dimethylpropionamide, m. p. 74 — 76° (8*2 g. ; 20%). 

p-Amino-aa-dimethylpropionic Acid. — ^/3-Amino-aa-dimethylpropionamide (9-2 g.) was refluxed for 
4 hours with 40% sulphuric acid (90 c.c.). The solution was diluted with water (300 c.c.) and 
barium carbonate (slight excess calculated on the sulphuric acid) was added slowly to the boiling solution 
through which a current of steam was passed to remove the ammonia. The excess of barium carbonate 
was decomposed by neutralisation (to Congo-red) with 2N-sulphuric acid, and the barium sulphate 
removed by filtration. The filtrate was concentrated to 75 c.c., and traces of sulphuric acid were pre- 
cipitated with lead carbonate, the lead sulphate was filtered off, and the filtrate saturated with hydrogen 
sulphide. After removal of lead sulphide, the filtrate was concentrated and yielded /3-amino-aa- 
dimethylpropionic acid, which separated from aqueous alcohol as large hexagonal prisms, m. p. 246° 
(decomp.) in 82% yield (Kohn and Schmidt, Monatsh., 1907, 28, 1056, give decomp. ca. 220°) (Found : 
C, 61*1; H, 9*4; N, 12*3. Calc, for : C, 51*3; H, 9-4; N, 12*0%). 

Methyl P-Amino-aa-dimethylpropionate. — ^The acid was esterified in methyl alcohol with dry 
hydrogen chloride in the usual way ; evaporation of the methyl alcohol yielded the methyl ester hydro- 
chloride, m. p. 164° (80% yield) (Found ; C, 43*0; H, 8*2; N, 8*2. CeHi302N,HCl requires C, 43-0; 
H, 8*4; N, 8-4%). Addition of lON-sodium hydroxide to an aqueous solution of the hydrochloride, 
followed by isolation with ether and distillation, afforded the methyl ester, b. p. 67°/ll mm., which 
separated from dry ether as highly deliquescent prisms, m. p. 64° (Found : C, 64-8 ; H, 9*9 ; N, 10*5. 
CeHjgOjN requires C, 56 0; H, 9-9; N, 10*7%). The ester was completely unchanged after standing 
for 2 days at 0° with methyl alcoholic ammonia; with concentrated aqueous ammonia, at 60° for 
3 days, hydrolysis to the acid occurred. The ethyl ester hydrochloride, similarly formed, had m. p. 91° 
(Found; C, 46*6; H, 8*4; N, 7*8; Cl, 19*7. C7Hi802N,HCl requires C, 46*2; H, 8*8; N, 7*7; Cl, 19*7%). 

/5-Benzamido-aa-dimethylpropionic acid, m. p. 161° (Kohn and Schmidt, loc. cit., give m. p. 149 — 
161°) (3 g.) was treated witti freshly distilled thionyl chloride (6*5 c.c. ; 6 mols.) and the reaction com- 
pleted by 1 hours* boiling under reflux. The excess of thionyl chloride was removed under reduced 
pressure at 70 — 80°, and to the residual, pale yellow oil, saturated methyl-alcoholic ammonia (25 c.c.) 
was added at 0°. The solution was evaporated, the residual solid triturated with water to remove 
ammonium chloride, and the residue, crystallised from aqueous alcohol, gave a small yield of benz- 
amido-Z^rf. -butyl cyanide identical with that described above, m. p. and mixed m. p. 122°. Repetition 
of this experiment with only one mol. of thionyl chloride in benzene, and treatment of the crude acid 
chloride with aqueous {d 0*88) ammonia, gave 90% of j5-benzamido-aa-dimethylpropionamide, m. p. 
161°, identical with the benzoyl derivative of the amino-amide (see above). 
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292 . AU^phaiUc NUro-compounds. Part XIII. Preparation of Z-Nify-o- 
\~arylaUcyl Cyanides by IrUeraction of Aryhnethyl Cyanides and 
a^Nitro-olejins.* 

By G. D. Buckley, F. G. Hunt, and A. Lowe. 

Arylmethyl cyanides, but not 1-atylethyl cyanides, react with o-nitro-olefins in presence of 
alkali alkoxides (preferably potassium ferf.-amyloxide) to give S-nitro-l-arylalkyl cyanides. 
2-Nitroalkyl esters may be used in place of nitro-olefins, e.g.» l-nitro-2-methylprop-l-ene or 
nitro/er/.«butyl nitrate reacts with benzyl cyanide to give Z-nitroA-phenyl-2 : 2^diinethylpropyl 
cyanide (II), 


The use of a-nitro-olefins as the unsaturated component in reactions of the Michael type has- 
been described in earlier parts in this series and elsewhere. Active methylene compounds 
which have been used successfully in such reactions include primary and secondary 
nitro-paraf&ns (Part VIII), ethyl malonate (Kohler et al., J. Amer. Chem. Soc,, 1919,41, 794; 
1926, 48, 1770), and acetone (Hass and Riley, Chem. Reviews, 1943, 82, 373), and this type of 
reaction has now been extended to the preparation of 3-nitro-l-arylalkyl cyanides by addition of 
arylmethyl cyanides to a-nitro-olefins. 


Ar-CHa-CN + CH,:CH-NOa — > NOa-CHa-CHa-CHAr-CN 


Benzyl cyanide reacted readily with l-nitro-2-methylprop-l-ene in the presence of sodium 
methoxide to give Z-nitro-\-phenyl~2 : 2-dimethylpropyl cyanide (II) in 12% yield, but by using 
potassium f^r^.-amyloxide in place of the methoxide catalyst the yield was raised to 60%. 
From ^-bromobenzyl cyanide and 1-naphthylmethyl cyanide, with the amyloxide catalyst, 
^•nitro-l-^-bromophenyl-2 : 2-dimethylpropyl cyanide (III) and Z-nitY0-\-[i-naphthyl)-2 : 2- 
dimethylpropyl cyanide (IV) were obtained in 48% and 70% yield respectively. 

The adducts to 2-nitrobut-2-ene and 1-nitrocyc/ohexene were obtained as viscous oils from 
which it was difficult to isolate the pure diastereoisomerides : thus, benzyl cyanide with 
2-nitrobut-2-ene gave Z-nitY 0 -\-phenyU 2 -methyl-i\-butyl cyanide (I) and p-bromobenzyl cyanide 
added to l-nitro^y^j/ohexene to form 2-nUro-l-[\)-bromo-aL-cyanobenzyl)cYolohexane (V) from 
which a crystalline isomer was isolated in small yield and with considerable difficulty. An 
attempt to add 1-phenylethyl cyanide (Meyer, Annalen, 1899, 250, 123) to l-nitro-2-methyl- 
prop-l-ene in the presence of potassium fcr/.-amyloxide failed. 


NO.-CHMc-CHMe-CHPh-CN 



NOa-CHg-CMej-CHPh-CN 

(II.) 

KOa-CHa-CMej-^H-CN 

CO 


NOa-CHa-CHMe-CHPh-CN 

(VI.) 

CHa CN 

cll, 

CH, CH-NO, 


^CH, 


(V.) 


Esters of 2-nitro-alcohols jdeld nitro-olefins on treatment with alkalis, and it has been 
shown that such esters can be used instead of nitro-olefins in addition reactions provided 
that sufficient alkali is present to neutralise the liberated acid. Nitro-/er^ -butyl nitrate reacted 
with 2 raols. of the potassium salt of benzyl cyanide to give 3-nitro-l-phenyl-2 : 2-dimethylpropyl 
cyanide identical with the product obtained from l-nitro-2-methylprop-l-ene, and under 
similar conditions 2-nitroisopropyl acetate gave Z-nitro-l-phenyl-2-methylpropyl cyanide (VI). 

The reaction is of fairly general application for the preparation of 3-nitro-l-arylalkyl cyanides 
and is complementary to the method of preparation described in Part XIV of this series. 
The two methods in conjunction make possible the preparation of a wide variety of these 
hitherto inaccessible compounds. 

Experimental. 

Microanalyses are by Mr. E. S. Morton. All m. ps. are uncorrected. 

Z-Nitro-\-phenyl-2-methyUn^tUyl Cyanide (I). — Benzyl cyanide (60 g.) was run into a solution of 
sodium methoxide [from sodium (12 g.) in methyl mcohol (200 c.c.)] at 20** and a solution of 
2-nitrobut-2-ene (50 g. ; this series, Part 111) in methyl alcohol (100 c.c.) added dropwise dnri^ 1 hour 
at 5—10®. The mixture was heated at 60® for 18 hours, poured into water, and extracted with ether. 
The extract was washed with water and discarded, and the combined aqueous solutions were acidified 

^ Patent application pending. 
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with acetic acid (60 c.c.) and extracted with ether. The extract was dried and fractionated, giving the 
cyanide as a yellow oil (28-6 g.), b. p. 129 — 13470*2 mm. (Found : N, 13*16. requires N, 

12 * 86 %). 

^-Nitro^\^phenyl-2 : 2-dimeihylpr^yl Cyanide (II). — (a) From \-nitro^2~methylprop-\-ene. To a 
stirred, ice-cooled solution of potassium /^rf.-amyloxide (from 8 g. of potassium), benzyl cyanide (23*6 g.) 
was added at 6—10®. l-Nitro-2-methylprop-l-ene (20 g. ; Levy and Scaife, in the press) was then 
added dropwise during 1 hour at 6 — 10®, and the reaction was completed by stirring at 60® for 2 hours. 
After cooling, the mixture was diluted with water and extracted with ether. The ethereal extract was 
washed with water and discarded, and the combined aqueous solutions were acidified with acetic acid 
(13 c.c.) and extracted with ether. The extract was washed with sodium hydrogen carbonate solution, 
dried, evaporated, and the residue (26 g. ; 60% yield), consisting of almost pure ^-nitro-\-phenyU2 : 2- 
dimethyipropyl cyanide ^ was left in a desiccator until completely solid. Crystallisation from a little 
methyl alcohol gave colourless needles, m. p. 59° (Found: C, 66*15; H, 6*95; N, 12*9. C12H14O2N2 

requires C. 66*06; H, 6*4; N, 12*86%). 

(b) From nitro^tQvt,-butyl nitrate. A solution of potassium ^£’r/.-amyloxide [from potassium (2 g.) in 
#«r/.-amyl alcohol (40 c.c.)] was treated vnth benzyl cyanide (5*85 g.) as before. Nitro-/^^.-butyl nitrate 
(4*1 g. ; Levy and Scaife, in the press) in /gr/.-amyl alcohol (5 c.c.) was added during 1 hour at 6 — 10®, 
and the mixture was then stirred at 60° for 2 hours and worked up as before. The product, m. p. 59®, 
was identical with that prepared above from l-nitro-2-methylprop-l-ene. 

Z-Nitro^l~p-bromophenyl-2 : 2-dimethylpropyl Cyanide (III). — ^-Bromobenzyl cyanide (9*8 g.) was 
brought into reaction with l-nitro-2-methylprop-l-ene (6*05 g.) as described for benzyl cyanide. After 
several days in a desiccator the product solidified (7*1 g. ; 48% yield), and crystallisation from methyl 
alcohol gave colourless needles of Z-nitro-l-p-bromophenyl~2 : 2-dimethylpropyl cyanide, m. p. 72 — 74® 
(Found: N. 9*4; Br. 27*65. CjaH^OjNjBr requires N, 9*4; Br, 26*9%). 

^Nitro-\-(\‘naphihyiy2 : 2-dimethylpropyl Cyanide (IV). — 1-Naphthylmethyl cyanide (6 g.) was 
brought into reaction with l-nitro-2-methylprop-l-ene (3 g.) as described for benzyl cyanide. The 
product (6*5 g. ; 70% yield), isolated as before, solidified on removal of the ether. After two 
recrystallisations from alcohol (charcoal) the cyanide was obtained as long, colourless needles, m. p. 116® 
(Found: C, 71*7; H, 6*0; N, 10*4. CiaHjeOjNg requires C, 71*65; H, 6*0; N, 10*4%). 

Z-Nitr(h\-phenyl-2‘mcthylpropyl Cyanide (VI). — A solution of potassium #<?rf.-amyloxide [from 
potassium (8 g.) in tert.-oxayl alcohol (160 c.c.)] was treated with benzyl cyanide (23*5 g.) as before. 
2-Nitroisopropyl acetate (14*6 g. ; Schmidt and Rutz, Ber., 1928, 61, 2142) was then added during 1 hour 
at 6 — 10®, and the resulting solution was stirred at 60® for 2 hours, cooled to 20®, and diluted with water. 
Isolation in the usual way yielded ^mitro-Y-phenyU^-methylpropyl cyanide as a pale yellow oil (6*7 g. ; 25% 
yield), b. p. 122— 126°/0*15 mm. (Found : C, 65*3; H, 5*65; N, 14*2. Ci,Hi202N2 requires C, 64*7; H, 
6*9; N, 13*75%). 

2~Nityo-\-(^-hYomo-a-cyanohenzyl)Gyc\ohexane (V). — l-Nitrocyduhexene (14 g. ; Wieland et al., 
Annalen, 1921, 424 , 71) was brought into reaction with ^-bromobenzyl cyanide (21*6 g.) in presence of 
potassium /^r/.-amyloxide as previously described. The crude product, isolated as before, was a viscous 
oil (10*7 g.), apparently a mixture of diastereoisomers. After several days in a desiccator, it partly 
crystallised, and was then treated with a little alcohol and the crystals were collected (2*9 g.). 
Recrystallisation from methyl alcohol gave the compound as colourless granules, m. p. 103 — 104° (Found : 
N, 8*76: Br, 25*2, C^HiBOaNaBr requires N, 8*66; Br, 24*75%). 

Imperial Chemical Industries Limited, Research Laboratories, 

Hexagon House, Blackley, Manchester, 9. [Received, January 2%rd, 1947.] 


293 . Aliphatic Nitro-compounds. Part XIV. Preparation of Z-Nitro- 
alkyl Cyanides hy Reaction of Nitro-paraffins with Unsaturated 
Cyanides.* 

By G. D. Buckley, T. J. Elliott, F. G. Hunt, and A. Lowe. 

A series of 3-nitroalkyl cyanides is prepared by the interaction of vinyl cyanide with 
primary and secondary nitro-parafi&ns in the presence of alkali. Both propenyl and allyl 
cyanide react with 1-nitropropane to give Z-nUro-^-methyUn-amyl cyanide and with 2-nitro- 
propane to give 3-«t7ro-2 ; d-dimethyl-n-buiyl cyanide. a-Cyanostilbenes react with primary 
nitro-compounds in presence of secondary aliphatic amines to ^ve 3-nitro-l : 2-diarylalkyl 
cyanides, e.g., a-cyanostilbene and nitrometfaane give 3-wi^ro-l : 2‘diphenylpropyl cyanide (VIII ; 

R =-H). 

When this work was carried out only two 3-nitroalkyl cyanides had been reported : 
3-nitropropyl cyanide, prepared by Henry (Bull. Acad. Sci. Belg., 1896, 86, 152) by the action 
of silver nitrite on 3-iodopropyl cyanide, and nitrotris-(2-cyanoethyl) methane (I) prepared by 
Bruson and Reiner (/. Amer. Chem. Soc., 1943, 65 , 23) by addition of nitromethane to vinyl 
cyanide (acrylonitrile). As large quantities of 3-nitroalkyl cyanides were required in connection 
with other investigations, we decided' to extend the application of Bruson's method to other 
olefins aitd nitro-paraffins. 


^ Patent application pendtng. 
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Since our work was completed, Bruson (U.S.P. 2,361,259) has reported the addition of 
nitro-paraffins to vinyl cyanide in an inert solvent dioxan or ^f/.-butyl alcohol), preferably 
at about 40® and in the presence of a small amount of alkali such as sodium hydroxide or a 
quaternary ammonium base as catalyst. In this way nitromethane gave the tris*adduct (I), 
other primary nitro-paraffins gave mixtures of bis- (II) and mono-adducts (III), whereas 
secondary nitro-paraffins gave mono-adducts (IV). 

N02-C(CH*-CH,-CN)8 R-C(NOj)(CH8-CH8-CN)j R-CH(NO,)-CH,-CHj*CN 

(1.) (II.) (III.) 

CR'R''{N02)-CHa-CHj*CN CH(N02) (CHj-CHa-CN)^ 

(IV.) (V.) 

We have found it more convenient to effect the addition by refluxing an alcoholic solution of 
the cyanide, nitro-paraffin, and catalyst for a short time. The yields of mono-adducts (type III) 
from primary nitro-paraffins are improved by using a full molecular proportion of alkali as 
condensing agent, and with this technique, the bis-adduct to nitromethane (V) has been obtained. 

The following new 4-nitro- cyanides have been made by this method : \^nitro-\-[2'^cyanoethyl)^ 
cyclohexane, ^•nitro-Armeihoxy-4:-phenyl-2-meihyl-n-hutyl cyanide (VI), ^-nitro-^-n-butylsulphonyl^ 
^•mcthyl-n-amyl cyanide, and ^-nUro-i : 5’dicyanopentane. The known 3-nitro-3-methyl-n-butyl 
cyanide and 3-nitro-w-butyl cyanide (cf. Bruson, loc. cit.) have been prepared by the modified 
method : the first of these has been converted into its iminoethyl ether and amidine hydro^ 
chloride, and the second has been hydrolysed with acid to 3-keto-«-butyl cyanide 
(laevulonitrile). 

The general method of addition has been extended by the use of substituted vinyl cyanides. 
Thus 2-nitropropane reacted with isopropenyl cyanide (methacrylonitrile) in presence of a little 
methyltriethy I ammonium hydroxide to give Z-.iiiro-\ : Z-dimethyUr\-hutyl cyanide and with 
propenyl cyanide (crotononitrile) to give the isomeric Z-nitro-2 : Z-dimethyl-n-hutyl cyanide, 
which was also formed by interaction of allyl cyanide and 2-nitropropane. Similarly, both 
propenyl and allyl cyanide reacted with 1-nitropropane to give ^•nitro-2’-methyl-n-amyl cyanide 
(VII), the identity of the products being established by hydrolysis to 3-keto-2-methyl-w-amyl 
cyanide, which was characterised as the 2 : 4~dinitrophenylhydrazone, The allyl cyanide was 
presumably isomerised to propenyl cyanide by the alkaline catalyst before reaction with the 
nitro-paraffin, but a curious feature was that in both cases much higher yields of nitro-cyanide 
were obtained from allyl cyanide than from propenyl cyanide. 

Aryl substituted vinyl cyanides behaved in an anomalous manner. Attempts to cause 
nitroethane to react with a-cyanostilbene in presence of strong alkalis failed, but by using 
a secondary aliphatic amine as catalyst 3-nitro-l : 2‘diphenyl-n’hutyl cyanide (VIII; R = Me) 
was produced in 60% yield. 


NOa-CHR-CHPh-CHPh-CN 

(VIII.) 


NOg-CHMe-CHPh 

(IX.) 



CHj— CHa 
%H,— CIl, 


N-CH,-<j:H-CHPh-CHPh-CN 


NO, 

(X.) 


Similarly, nitromethane gave one of the isomerides of Z-nitro-X : 2-diphenyl-n-propyl cyanide 
(VIII; R = H), and nitroethane reacted with 4-bromo-a-cyanostilbene to give one of the 
isomerides of 3-nitYo-2-ph€nyU\-^-bromophcnyUn-hutyl cyanide (IX), but all attempts to cause 
secondary nitro-paraffins to react with a-cyanostilbene were unsuccessful. Methyl 2-nitroethyl 
ether reacted with a-cyanostilbene in the presence of piperidine, but unexpectedly the product 
w^as acid -soluble, the methoxyl group having been replaced by a piperidine residue to give 
3-nityoA‘pipeyidino-\ : 2-diphenyl-n-butyl cyanide (X). 

In many of the above products (IV), (VII), (VIII), (IX), and (X) there is more than one 
asymmetric carbon atom, so that the compounds would be expected to be formed as mixtures of 
stereoisomerides. In these cases, only one isomer has been identified and no attempt has been 
made to isolate the other stereoisomerides : the yields recorded therefore do not necessarily 
indicate the extent of the reaction. 

Experimental. 

Microanalyses are by Mr. E. S. Morton. M. ps. are uncorrected. 

Z-Nitro-Z-methyUn-butyl Cyanide . — Aqueous potassium hydroxide (10 c.c. of 33%) was added to a 
solution of 2-nitropropane (261 g.) in alcohol (750 c.c.), which was then heated to boilmg. Vinyl cyanide 
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(169 g.) was run into the stirred solution at such a rate that the mixture refluxed gently. After a further 

1 hour^s refluxing, the solution was cooled, made just acid to Congo-red by addition of 20% sulphuric 

acid, stirred with barium carbonate to remove excess of acid, and filtered. The filtered solution was 
fractionated to give the cyanide as a colourless oil (330 g.), b. p. 70®/0*09 mm. (Bruson, loc, cit,, gives 

b. p. 106— 10771 mm.) (Found: C, 60-65; H,7 0; N, 19-7. Calc, for CeHjoOjNa : C, 60-7 ; H, 7-06; N, 

19-7%). The iminoethyl ether hydrochloride, prepared by passing dry hydrogen chloride into an alcoholic 
solution of the cyanide below 20°, had m. p. 108° (Found : N, 11*76 ; Cl, 16-2. C 0 H|,OjN 2 ,HCl requires 
N, 12-4; Cl, 16*8%). The amidine hydrochloride, prepared by the action of alcoholic ammonia on the 
iminoethyl ether hydrochloride, had m. p. 214° (Found : Cl, 18-4. CgHij 02 Nj,HCl requires Cl, 18-16%). 

X-Nitro-\-(2-cyanoethyl)cYclohexane. — Nitrocyc/ohexane (43 g.) was brought into reaction with vinyl 
cyanide (18 g.) as described for 2 -nitropropane. Distillation gave the product as a pale yellow oil 
(24 g.), b. p. 98 — 108°/0-15 mm., which from light petroleum (b. p. 40 — 60°) gave colourless needles, m. p. 
42° (Found : C, 59-9; H, 7-46; N, 16*25. C 9 Hi 40 aN 2 requires C, 69*36; H, 7-7; N, 16*4%). 

Z-Nitro-\ : 2-dimethyl-tL-butyl Cyanide. — (a) 2-Nitropropane (6*65 g.), allyl cyanide (6*0 g.), ethyl 
alcohol (60 C.C.), and aqueous methyltriethylammonium hydroxide (2*7 c.c. of 37%) were refluxed for 20 
hours. The product (9-45 g. ; 80%), isolated as in the previous cases, was a colourless oil, b. p. 

86 — 87°/0*24 mm. (Found: C, 64-5; H, 7*8; N, 17*55. C,Hj 202 N 2 requires C, 53*85; H, 7*7; N, 

17-96%). 

(b) The above experiment was repeated using propcnyl cyanide in place of allyl cyanide. A 
colourless oil, b. p. 86— 87°/0*24 mm., was isolated in 55% yield (Found : N, 18*26%). 

Z-Nitro-'X : 2-‘dimethyl-Virbuiyl Cyanide. — 2-Nitropropane (8*9 g.) was brought into reaction w’ith 
isapropenyl cyanide (7-0 g.) as described above for propenyl cyanide. After isolation as before, the crude 
product was distilled, giving the cyanide (6*3 g.), b. p. 65°/0*08 mm., m. p. 61 — 53° (from 
alcohol) (Found : C, 53-6; H, 7*35; N, 17*7. C 7 H 12 O 2 N 2 requires C, 53*85; H, 7*7; N, 17*96%). 

Z-NitYO-^-methoxy‘^-phenyl-Z~methyl-VL-butyl Cyanide. — Aqueous sodium hydroxide (5 c.c. of 32%) 
and vinyl cyanide (37-5 g.) were added to a solution of methyl 2-nitro-l -phenyl propyl ether (48*6 g. ; this 
series. Part III) in dioxan (100 c.c.), and the mixture was stirred at 20° for 18 hours. The solution was 
poured into water, acidified with hydrochloric acid, and extracted with chloroform. Fractionation of 
the extract gave the product as a colourless oil (50 g.), b. p. 163 — 167°/0*5 mm. (Found : C, 62*5; H, 
6*3; N, 11-3. Ci 3 Hie 03 N 2 requires C, 62*9; H, 6-45; N, 11*3%). 

Z-Nitro-5-n~butylsulphonyl-Z-methyl-n-amyl Cyanide. — Vinyl cyanide (1*05 g.) and methyltriethyl- 
ammonium hydroxide (0*75 c.c. of 37%) were added to a solution of 3-nitrodibutyl sulphone (4*2 g. ; this 
scries. Part XVII) in alcohol (20 c.c.), which was then refluxed for 3 hours, cooled, and poured into water 
(250 C.C.). The mixture was extracted with ether and the extract was washed with dilute aqueous 
sodium hydroxide, dried, and the solvent removed to yield the cyanide as a very viscous brown oil, which 
could not be distilled or induced to crystallise (Found : N, 9*9; S, 11-4. CuHaoC^NgS requires N, 10*5; 
S, 11 - 6 %). 

^-Nitro-n-butyl Cyanide. — A solution of sodium methoxide [from sodium (11*5 g.) and methyl alcohol 
(160 c.c.)) was slowly run into a stirred solution of nitrocthanc (38 g.) in methyl alcohol (75 c.c.) at 
0 — 10°. Vinyl cyanide (27 g.) was slowly. added at 20 — 25° ; during the addition the white precipitate of 
the sodium salt of nitrocthanc dissolved. The mixture was then acidified with acetic acid (32 g.), the 
solvent removed under reduced pressure at 40°, and the residue diluted with sufficient water to dissolve 
the sodium acetate and extracted with ether. The extract was dried and fractionated to give the cyanide 
as a colourless oil (19 g.), b. p, 82 — 84°/0*25 mm. (Bruson, loc. cit., gives b. p. 107 — 110°/2 mm.) (Found : 
N, 21*66. Calc, for C 5 H 8 O 2 N 2 : N, 21-86%). 

Z-Keto-n-butyl Cyanide, — 3-Nitro-»-butyl cyanide (13 g.) was dissolved in alcohol (10 c.c.) and 
aqueous sodium hydroxide (8 c.c. of 32%) was added at 10 — 15°. The resulting solution was diluted 
with water (30 c.c.) and run into dilute sulphuric acid (70 c.c. of 30%) at 10 — 15°. After being stirred 
for a further 16 minutes the mixture was extracted with ether. The extract was dried and fractionated 
to give the ketone as a colourless oil, b. p. 98 — 102°/9 mm. The 2 : \-dinitrophenylhydvazone formed 
orange leaflets, m. p. 146°, from 2-ethoxyethyl alcohol (Found ; C, 47*55 ; H, 4*05 ; N, 25*25. 
CiiHiiO^Ng requires C, 47-66; FI, 4*0; N, 25-25%). 

Z-Nitro-2-methyl-n-amyl Cyanide. — (a) 1-Nitropropane (8*9 g.) was added dropwise to a solution of 
potassium hydroxide (5*6 g.) in alcohol (20 c.c.), the temperature being kept below 10°. The solution 
was then stirred at 60° and a solution of allyl cyanide (6*7 g.) in alcohol (30 c.c.) was added dropwise. 
The solution was stirred at 60° for 18 hours, cooled, and neutralised by dropwise addition of 6 N-sulphuric 
acid, followed by treatment with barium carbonate. The filtered solution was fractionated, giving 
3-nitro-2-methyl-»-amyl cyanide as a colourless oil (12*5 g. ; 80% yield), b. p. 76°/0*l mm. 

The oil (1 g.), dissolved in a solution of sodium hydroxide (0*5 g.) in alcohol (6 c.c.) and water (5 c.c.), 
was added dropwise to ice-cold sulphuric acid (10 c.c. of 30%) and the mixture poured into excess of a 
saturated solution of 2 : 4-dinitrophenylhydra2ine in 2N-hydrochloric acid. After standing overnight 
the precipitate was collected and crystallised from alcohol, giving Z-keto-2-methyUn-ainyl cyanide 

2 : ^-dinitrophenylkydrazone as orange needles, m. p. 103 — 104° (Found : C, 61*25; H, 4-7; N, 23*25. 
C 13 H 13 O 4 N 5 requires C, 61-16 ; H, 4*9 ; N, 22-95%). 

( 6 ) The above experiment was repeated using propenyl cyanide in place of allyl cyanide. This gave 
the nitro-cyanide in 36% yield as a colourless oil, b. p. 74 — 76°/0*09 mm. Hydrolysis and reaction with 
2 : 4-dinitrophenylhydrazine as before gave a product, m. p. 102 — 103°, identical with the 2 : 4-dinitro- 
phenylhydrazone described in (a) above (Found : N, 22-95%). 

Z-Nitro-X : 6-dicyanopentane, — A solution of sodium methoxide [from sodium (7-5 g.) and methyl 
alcohol (160 c.c.)] was added dropwise to a stirred solution of nitromethane (20 g.) in methyl alcohol (75 

c. c.) at 0 — 10°, and vinyl cyanide (32 g.) added during 1 hour. The mixture was treated with acetic acid 
(20 g.), concentrated under reduced pressure, and the residue diluted with water (300 c.c.) and shaken 
with ether, which caused the separation of crystals. Repeated recrystallisation from alcohol (charcoal) 

f ave colourless needles (4 g.) of Z-nitro-X : 6-dicyanopentane, m. p. 63° (Found : C, 50*2; H, 6*4; N, 
4-95. C^HjOjNs requires C, 60*3 ; H, 6*4 ; N. 25-1%). 

5 B 
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Z-I^UfoA ; 5 -dicyano-Z-^-bf(moph$nylp 0 fUdm , — ^Methyltriethylammonium hydroxide (1 c.c. of 37%) 
vn» add^ to a solution of /^-bromophenylnitromethane (4*3 g.) and vinyl cyanide (1*6 g.) in fer^.-butyl 
alcohol (60 c.c,)« Next day, the precipitate was collect^ (1*7 g.) and recrystallised repeatedly from 
alcohol, giving the dicyanide as colourless needles, m, p. 138 — 139® (Found : N, 13-2; Br, 24*45. Calc. 
^orCi»Hi,0,N,Br: N. 13*06; Br, 24*86%). 

Z-NiiroA : 2-diphenyl-TL-butyl Cyanide (III; R «« Me). — a-Cyanostilbene (206 g.), nitroethane (76 g.), 
and diethylamine (100 c.c.) were heated at 35-— 40® until a clear solution resulted. On being kept over- 
night. the mixture solidified. After crystallisation, first from alcohol and then from 2-ethoxyethyl 
al^hol, the cyanide was obtained as colourless crystals (160 g.), m. p. 104 — 166® (Found : C, 72*3; H, 
6*7 ; N, 10*1. Ci^HxeOaN, requires C. 72*85 ; H, 6*7 ; N, 10*0%). 

^-NitroA-piperidtno-l ; Z-diphenyUn-hutyl Cyanide (X). — a-Cyanostilbene (2*7 g.) was brought into 
reaction with methyl 2-nitroethyl ether (2*4 g.) in the presence of piperidine (1*76 g.) a.s described 
above for nitroethane. The product was collected, washed with methyl alcohol, and rccrystallised 
repeatedly from acetone, giving colourless needles (2*9 g.), m. p. 171® (Found ; C, 72*1; H, 6*66; N, 
11*7. CjjHjjOjNg requires C, 72*7 ; H. 6*9 ; N, 11*6%). The product was soluble in dilute acid and was 
reprecipitated unchanged by addition of sodium hydfroxide. 

Z-NitrO‘l : 2‘diphenyil-n-propyl Cyanide (VIII; R = H). — a-Cyanostilbene (38*6 g.), nitromethane 
(15 g.), and diethylamine (20 c.c.) were heated at 60° until a homogeneous solution resulted. After 
several days at 20°, the c^stalline precipitate was collected, washed with ether, and recrystallised from 
alcohol, giving the cyanide as colourless prisms (6*6 g.), m. p. 94 — 96° (Found : N, 10*66. Ci«Hi 402 N 2 
requires N, 10*66%). 

2-Nitro~2’^henyl-l-p’brotnophenyl-n-butyl Cyanide (XIV). — ^Nitroethane (1*65 g.), 4-bromo-a-cyano- 
stilbene (6*7 g. ; Frost, Annalen, 1889, 260 , 161) and piperidine (1*75 g.) were mixed and kept at 20° 
for 8 days. The semi-solid mass was then dissolved in hot methyl alcohol (10 c.c.) and allowed to 
cool. The crystalline product was collected (3*36 g.) and purified by repeated recrystallisation from 
alcohol, giving colourless crystals of the cyanide, m. p. 187 — 189° (Found : C, 66*66; H, 4*2; N, 8*05; 
Br, 21*76. CiTHjjOjNjBr requires C, 66*8 ; H, 4*2 ; N, 7*8 ; Br, 22*3%). 

Imperial Chemical Industries Limited, Research Laboratories, 

Hexagon House, Blackley, Manchester, 9. [Received, January 2%rd, 1947.] 


294 . Aliphatic Nitro-wmpounda. Part XV. Preparation of Heterocyclic 
Bases by Redriction of Z-Nitroalkyl Cyanides.* 

By G. D. Buckley and T. J. Elliott. 

Reduction of 3-nitro-3-methyl-w-butyl cyanide (I) with iron and hydrochloric acid gives a 
mixture of 6-amino-2 : 2-dimethylpyrroline N^-oxide (II) [or its tautomeride (Ila)], with 
6-amino-2 : 2-dimethylpyrrolidine (III) [or its tautomeride (Ilia)]. The structure of (III) is 
established by formation from it of mono- and di-benzoyl derivatives, and by its hydrolysis to 
5 : 6-dimethyl-2-pyrrolidone (V) by water and Raney nickel. The structure of the JY-oxide 
(II) follows from its reduction to (III) by zinc-dust distillation and to 2 : 2-dimethylpyrrolidine 
(IV) on catalytic hydrogenation. Similar reactions with analogues of (I) are described, and 
possible mechanisms are discussed. 

With a view to the synthesis of 3-amino- 3-methyl- w-butyl cyanide, 3-nitro-3-methyl-w- butyl 
cyanide (I) was reduced with iron and hydrochloric acid. Two products were obtained : (a) 
a crystalline solid, CgHiaONj, m. p. 238® (17% yield), and (6) a crystalline volatile base, 
CjHjjNg, (30% yield), with a formula and equivalent weight in agreement with those of the 
expected amino-cyanide, but with properties which excluded this structure. 

The base, C^HiaNg, with 0’6 mol. of benzoyl chloride in ether gave a weakly basic 
monobenzoyl derivative which formed a picrate and was precipitated unchanged from its 
hydrochloric acid solution by addition of ammonia. 

Benzoylation with excess of benzoyl chloride (Schotten-Baumann) gave both the monobenzoyl 
derivative and an acid-insoluble dibenzoyl derivative. This suggested that the base was the 
internal amidine b-imino-2 : 2-dimethylpyrroHdine (III) [or 6-amino-2 : 2-dimethylp3rrroline 
(Ilia)]. Tliis was confirmed by the behaviour of the base on hydrolysis, reduction, and 
methylation. It was extremely resistant to acid or alkaline hydrolysis, but on boiling it with 
water in the presence of a little Raney nickel, ammonia was evolved and a crystalline, water- 
soluble solid CeHjnON, having the expected properties of 2 : 2’-dimethyl‘b-pyrrolidone (V), was 
formed. Reduction of the imine (III) with sodium and alcohol was difficult, but gave a small 
yield of 2 ; 2-dimethylpyrrolidine (IV), also formed in good yield by catalytic reduction at 
100®/100 atms. with Raney nickel under anhydrous conditions. Methylation of (III) with 
methyl sulphate and sodium hydroxide gave a dimethyl derivative, shown to be 6-methylimino- 
1:2: 2-trimethylpyrrolidine (VI), by hydrolysis with water and Raney nickel to methylamine 

♦ Patent application pending. 
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and 1:2: 2-trimethyl-6-pyrrolidone (VII). The evidence in favour of the internal amidine 
structure (III) or (Ilia) is therefore conclusive. 

Attention was then directed to the structure of the base CeHigONg (above). This material 
was the main product when 3-nitro-3-methyl-w-butyl cyanide (I) was reduced with zinc dust and 
ammonium chloride under conditions which normally would be expected to reduce an aliphatic 
nitro-compound to the hydroxylamine, and was formed in 75% yield by reduction of (I) with 
hydrogen and Raney nickel at ordinary temperature and pressure. The base was weak; it 
gave a hydrochloride but would not react with benzoyl chloride, acetic anhydride, phenyl 
isocyanate, or JNr-nitro-N'-2 : 4-dinitrophenylurea. It contained two active hydrogen atoms 
(Zerewitinoff). Distillation with zinc dust gave the iminopyrrolidine (III), and reduction with 
sodium and alcohol gave a mixture of (III) and 2 : 2-dimethylpyrrolidine (IV). The latter was 
also formed by catal 5 d:ic hydrogenation of the base CeHigONa under anhydrous conditions at 
100°/100 atms., but in the presence of water the pyrrolidone (V) was obtained in good yield, 
presumably by hydrolysis of the first-formed imine (III). Attempts to hydrolyse the base 
itself by boiling it with water and Raney nickel were unsuccessful. 

On this evidence the compound was formulated as 5-amino~2 : 2-dimethylpyrroline 'N-oxide 
(II) [or the tautomeric 5-imino-l~hydroxy-2 : 2-dimethylpyrrolidine (Ila)], and its formation is 
ascribed to cyclisation of the first-formed 3-hydroxylamino-3-methyl-«-butyl cyanide. A 
similar case has been reported by Bauer {Ber,, 1938, 71, 2226), who hydrogenated o-nitrostyryl 
cyanide over a palladium catalyst and obtained 2-aminoquinoline V-oxide in 60% yield. 



In the reduction of the nitro-cyanide (I) with iron and hydrochloric acid, the iminopyrrolidine 
(III) might be formed either by reduction of the V-oxide (II) or by reduction of the nitro-cyanide 
to amino-cyanide, followed by cyclisation. Although difficult to prove conclusively, the former 
appears to be the more probable route ; a careful search failed to reveal any amino-cyanide in 
the reduction products of (I), and it has been shown that the V-oxide (II) is, in fact, slowly 
reduced to the iminopyrrolidine (III) by iron and hydrochloric acid. 

Attempts to reduce 3-nitro- 3-methyl- w-butyl cyanide with platinum or palladium catalysts 
in the presence of mineral acids were unsuccessful, and use of stannous chloride and hydrochloric 
acid resulted in hydrolysis. It was concluded, therefore, that the preparation of 
3-amino- 3-methyl- w-butyl cyanide by reduction of the nitro-cyanide was impracticable. 

Analogues of (I) were obtained, usually in good yield, by catalytic reduction of other 
3-nitroalkyl cyanides. 3-Nitro-w-butyl cyanide gave 6-amino-2-methylpyrroline "N-oxide (VIII), 
I-nitro-l-(2-cyanoethyl)cyc/ohexane gave 6-amino-2 : 2-peniamethylenepyrroline 'N-oxide (IX), 



and 3-nitro-l-phenyl-2 : 2-dimethyl-^«-propyl cyanide gave 2-aminO‘3-phenyl-4 : 4,-dimeihyU 
pyrroline ^-oxide (X). Results of hydrogenations at 100 atms. were similar to those obtained 
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at atmospheric pressure. Raney nickel and palladised calcium carbpnate appeared to be 
equally effective as catalysts, but Adams's platinum oxide gave inferior yields. 

Experimental. 

Analyses are by Mr. E. S. Morton. M. ps. are uncorrected. The nitro-cyanides were prepared by the 
methods described in Parts XIII and XIV of this series. 

Reduction of Z-Nitro-Z-methyl-n-butyl Cyanide » — (a) With iron and hydrochloric acid. Iron filings 
(30—60 mesh) (70 g.), water (160 c.c.), and hydrochloric acid (20 c.c. of 36%) were stirred together until 
the solution was no longer acid to Congo-red. The mixture was then heated to 100° and a solution of 
3-nitro-3-methyl-«-butyl cyanide (47’6 g.) in alcohol (100 c.c.) was run in during 1 hour. The mixture 
was stirred and refluxed for 18 hours, cooled, and the filtered solution acidified to Congo-red with 
hydrochloric acid. The alcohol was distilled under reduced pressure, the residue diluted with sufficient 
water to dissolve the salts, and washed with ether. The aqueous solution was made strongly alkaline 
with potassium hydroxide and extracted repeatedly with ether (see later). The aqueous alkaline 
solution was then treated with solid potassium hydroxide and the precipitate collected and dissolved in a 
little water. Dilute hydrochloric acid was added until the solution was no longer alkaline to Clayton-yellow, 
and, after evaporation under reduced pressure, the product was isolated by extraction with absolute 
alcohol, evaporation of the extract and treatment with acetone giving b~amino-2 : 2-dimethylpyrroline 
'^•oxide (II) (8*0 g.) as a crystalline solid, which separated from alcohol-acetone in colourless plates, m. p. 
238° (Found: C, 66-35; H. 9-46; N, 22-16. CeHijONa requires C, 66-25 ; H, 9-4; N, 21-9%). The 
product was very soluble in water, chloroform, and alcohol, insoluble in ether, acetone, ethyl acetate, 
dioxan, and hydrocarbons. The hydrochloride had m. p. 173° (Found : Cl, 21-75. CjHuONj.HCl 
requires Cl, 21-6%). The picraie, m. p. 160°, formed yellow needles from alcohol (Found : N, 20-0. 
C«Hi 20 N„C,Hj 0,N3 requires N. 19-6%). 

The ethereal extract was dried (KOH) and distilled, giving 5-iwn‘«o-2 : 2-dimethylpyrrolidine (III) as 
colourless crystals (14-4 g.), b. p. 108 — 110°/15 mm., m. p. 73 — 74° [Found : M (by titration with 
0-lN-hydrochloric acid to bromophenol-blue), 113-2. CgHigN^ requires M, 112]. The picrate, m. p. 
203 — 204°, formed yellow needles from alcohol (Found : N, 20-4. CeHi2Na»^el^307N3 requires N, 
20-55%). 

A solution of benzoyl chloride (0-6 g.) in dry ether (5 c.c.) w^as cautiously added to a solution of 
6-imino-2 : 2-dimethylpyrrolidine (1 g.) in dry ether (6 c.c.). A vigorous reaction occurred, and after 
evaporation of the solvent the product was extracted with dilute aqueous ammonia and crystallised 
from 60% aqueous alcohol, giving the monobenzoyl derivative (0-6 g.) as colourless piisms, m. p. 98°, 
soluble in dilute hydrochloric acid and reprecipitated unchanged by addition of ammonia (Found : C, 
72-0; H, 7-16; N, 12-65. CuHieONa requires C. 72-2 ; H, 7-4; N, 12-95%). 

Benzoyl chloride (6 g.) was added dropwise to a stirred and ice-cooled mixture of 
5-imino-2 : 2-dimethylpyrrolidine (2 g.), sodium hydroxide (3-2 g.), and water (25 c.c.) at 10 — 16°. The 
mixture was stirred at 10 — 20° until the excess of benzoyl chloride had decomposed, and the precipitate 
was then collected, washed with water, and extracted with cold N-hydrochloric acid (50 c.c.). Treatment 
of the extract with aqueous ammonia precipitated a monobenzoyl derivative, identical with that 
described above. The acid-insoluble portion (3-2 g.) was repeatedly crystallised from acetone, giving 
colourless needles (0-3 g.), m. p. 179° (Found : C, 69-75; H, 6-65; N, 9-05%). This material was not 
further investigated. The acetone mother liquors were evaporated and the residue crystallised from 
alcohol, giving colourless needles of b-benzimido~l-hmzoyU2 : 2-dimethylpyrrolidinc, m. p. 133° (Found : 
C, 74-65; H, 6-6; N, 8-7. C^oHaoOjN, requires C, 75-0 ; H, 6-25; N, 8-75%). 

(b) With zinc dust and ammonium chloride. Zinc dust (25 g.) was added during 21 hours 
to a vigorously stirred mixture of 3-nitro-3-inethyl-M-butyl cyanide (20 g.), ammonium chloride (6 g.), 
and water (80 c.c.) at 10 — 16°. When reaction w-as complete the solution w^as filtered, neutralised with 
hydrochloric acid, evaporated under reduced pressure, and the residue extracted with absolute alcohol ; 
the extract on dilution with dry ether gave the hydrochloride, m. p. 173°, of 5-amino-2 : 2-dimethyl- 
pyrrolirie iV-oxide, from which the base, m. p. 238°, was obtained by basification. 

(c) Catalytically. 3-Nitro-3-methyl-«-butyl cyanide (150 g.), dissolved in methyl alcohol (1600 c.c.), 
was shaken with Ranoy nickel and hj^drogen at 20°/l atm. until absorption of hydrogen ceased. The 
filtered solution was concentrated, finally by heating at 100°/20 mm., and the residue treated with 
acetone, giving 6-amino-2 : 2-dimethylpyrroline JV-oxide. A second crop was obtained by concentrating 
the mother liquor and again treating the residue with acetone. The total yield was 101 g. (76%). 

Reduction of b- Amino-2 : ^-dimethylpyrroline 'lA-Oxide. — (a) Catalytically, A solution of 6-amino-2 : 2- 
dimethylpyrroline V-oxide (10 g.) in anhydrous methanol (100 c.c.) was stirred with hydrogen and 
water and Raney nickel (1 g.) in an autoclave at 100°/100 atms. until absorption was complete, cooled, 
filtered from catalyst, and steam-distilled until free from volatile bases. The distillate was acidified with 
hydrochloric acid and evaporated to dryness. The hydrochloride was treated with a large excess of 40% 
aqueous potassium hydroxide, the base extracted with ether, the extract dried (KOH), and fractionated, 
giving 2 : 2-dimethylpyrrolidine (IV) (4-9 g.) as a colourless liquid, b. p. 105—106 (Found : M (by titration 
with 0*1 N-hydrochloric acid to bromophenol-blue), 100*2. CeHjjN requires M, 99), The picrate, 
m. p. 190 — 191°, formed yellow needles from water (Found : N, 17-5. CeHi8N,CeH307N8 requires N, 
17*1%). The 2 : 4,-dinitrophenylcarbamyl derivative (cf. McVeigh and Rose, 1946, 621), m. p. 131°, 
formed long yellow needles from alcohol (Found : C, 60-66; H, 6-26; N, 18-2, C13H13O5N4 requires C, 
60-65; H, 5-2; N, 18-2%). 

(b) With sodium and alcohol, 6-Amino-2 : 2-dimethyIpynOlme V-oxide (75 g.) was dissolved in 
absolute alcohol (2 1.) and treated rapidly at the boil wiui sodium (170 g.). When the sodium was 
completely dissolved, the solution was cooled and cautiously acidified to Con^o-red with concentrated 
hydrochloric acid, filtered from salt and steam^distilled. The residual soluuon was diluted with an 
equal volume of 32% aqueous sodium hydroxide and extracted with ether. The extract, after drying 
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and distillation, yielded 6-iinino-2 : 2-dimethylpyrrolidine (14*2 g.). The steam-distillate was acidified 
with hydrochloric acid and evaporated to dryness, leaving a hydrochloride, which, after basification and 
distillation, yielded 2 ; 2-dimethylpwrolidine (7-2 g.). 

(c) By distillation with zinc dust, 6-Amino-2 : 2-dimethylpyrroline iVT-oxide (30 g.) was mixed 
thorougluy with zinc dust (30 g.) and heated, 20 g. at a time, in a distillation apparatus under 20 mm. 
The bath was heated to 280® and the temperature was then slowly raised to 320° and held at this until 
distillation ceased. The distillate was extracted with ether and the extract dried (KOH) and fractionated 
giving 6-imino-2 : 2-dimethylpyrrolidine (7 g.), b. p. 106°/16 mm. 

(d) With iron and hydrochlwic acid. 5-Amino-2 : 2-dimethyIpyrroline iVT-oxide (20 g.) was reduced 
for 48 hours at 96 — 100° with iron (36 g.) and hydrochloric acid as described above for the reduction of 
the nitro-cyanide. Isolation as before gave 5-imino-2 : 2-dimethylpyrrolidine (7*9 g.), together with much 
unchanged starting materials. 

Reduction of &^minO“^ i 2t'-difnethylpyrrolidine. — (a) CatalyiicaUy . The base (5 g.) was hydrogenated 
at 100°/100 atms. under anhydrous conditions as described above for 6-amino-2 ; 2-dimethylpyrroline 
/yf-oxide. The resulting solution was filtered and fractionated, givine 2 : 2-dimethvlpvrrolidine (IV) 
(3*8 g.) ; picrate, m. p. 190 — 191°. 

(b) with sodium and alcohol. 5-Imino-2 : 2-dimethylpyrrolidine (7 g.) was reduced with sodium 
(60 g.) and absolute alcohol (600 c.c.) as described above for the pyrroline oxide. The product was 
worked up as before to give a small amount of 2 : 2-dimethylpyrrolidine, together with unchanged 
6-imino-2 : 2-dimethylpyrrolidine (3-2 g.). 

2 : i-Dimethyl-^-pyrrolidone (V). — [a) A solution of 5-imino-2 : 2-dimethylpyrrolidine (3 g.) in water 
(30 c.c.) was stirred and refluxed for 3 hours with Raney nickel (0*1 g.) ; ammonia was evolved. The 
filtered solution was distilled, giving 2 : 2~dimethyl-^-pyrrolidone (2-1 g.) as colourless, hygroscopic 
crystals, m. p. 42°, b. p. 140°/20 mm. (Found : C, 63-4; H. 9-7 ; N, 12-15. CgHnON requires C, 63-7 ; 
H, 9-76; N, 12-4%). The hydrochloride had m. p. 160—152° (Found : Cl, 23-4. C8Hi,ON,HCl requires 
Cl, 23-75o/o). 

(h) 6- Amino-2 : 2-dimethylpyrroline JV-oxide (6 g.), dissolved in methyl alcohol (100 c.c.), was 
stirred with Raney nickel and hydrogen at 100°/1()0 atms. until absorption of hydrogen ceased. 
Distillation of the product gave 2 : 2-dimethyl-5-pyrrolidonc (3-2 g.). 

Methylation of 5-Imino-2 : 2~dimethylpyrrolidine. — Methyl sulphate (40 g.) was added dropwisc to a 
stirred and cooled mixture of 6-imino-2 : 2-dimethylpyrrolidine (10 g.) and aqueous sodium hydroxide 
(80 c.c. of 16%) at 10 — 15°. The mixture was stirred at 10—20° until the excess of methyl sulphate 
had decomposed, and was then treated with an equal volume of 32% sodium hydroxide solution and 
extracted with ether. The extract was dried (KOH) and distilled, giving 5-methyliniino-l : 2 : 2-tri- 
methylpyrrolidine (VI) (11 g.) as a colourless oil, b. p. 97 — 98°/18 mm. The picrate, m. p. 126°, formed 
yellow needles from water (Found ; C, 46-2; H, 6-1; N, 19-25. C 8 lIi 6 N 2 ,C 6 H 307 N 3 requires C, 45-66; 
H, 6-15; N, 19-0%). 

1:2: 2-Trimcthyl~6~pyrrolidone (VII). — The base (above) (6-8 g.) in water (^70 c.c.) was boiled with 
Raney nickel for 3 hours. An aqueous solution of the evolved gases was shown to be free from ammonia 
(no precipitate with Kessler’s reagent), but, on boiling with A-nitro-K'-2 : 4-dinitrophenylurea, gave 
N’2 : 4-dinitrophenyl-iV'-raethylurea, m. p. and mixed m. p. with an authentic specimen, 204° (cf. 
McVeigh and Rose, loc. cit.). The aqueous residue was filtered from catalyst and distilled, 
giving 1:2: 2-irimethyl-^-pyrroUdone (VII) (4-9 g,), as a colourless oil, b. p. J30°/60 mm. (Found ; C, 
66-2; H, 10-2; N, 10-95. C^Hi^ON requires C, 66-1; H, 10-25; N, 11-05%). 

b-Amino-2-methylpyrroUne ik-Oxide (VIII). — 3-Nitro-w-butyl cyanide (32 g.) in methyl alcohol (400 
c.c.) was hydrogenated in the presence of Raney nickel at 20°/ 1 atm. The filtered solution was 
concentrated and the residue was stirred with acetone and the solid collected (6 g.). OyslalUsation 
from chloroform-acetone gave colourless, hygroscopic needles, m. p. 20b° (Found : C, 62-65 ; H, 8-4 ; 
N, 24-3. CgHgoONa requires C, 62-65 ; H, 8-76 ; N, 24-56%). 

5-Amino^2 : 2-pentamethylenepyrroline N-Oxide (IX). — l-Nitro-l-(2-cyanoethyl)i:ycfohexane (21 g.) 
was liydrogenated and the product (8 g.) isolated as described above. Crystallisation from 
acetone-alcohol gave the base as colourless leaflets, m. p. 206° (Found : N, 16-4. CgHjeONa requires N, 
16-65%). The hydrochloride had m. p. 200° (Found : Cl, 17-45. C 9 HieON 8 ,HCl requires Cl, 17-3%). 

2- A mino - ^-phenyl - 4 : ^-dimethylpyrroline 1:^-0 xide (X) . — 3 - Nitro- 1 -phenyl-2 : 2-dimethyl-«-propyl 
cyanide (5 g.), dissolved in methyl alcohol (60 c.c.), was shaken with hydrogen and 6% palladised calcium 
carbonate (1 g.) until absorption of hydrogen was complete. After filtration from catalyst, the solution 
was evaporated on the steam-bath and the residue was treated with acetone and collected (3 g.) ; 
crystallisation from acetone-alcohol gave colourless granules, ra. p. 189 — 190° (Found : N, 13-7. 
CjaHjjON, requires N, 13-7%). 

Imperial Chemical Industries Limited, Research Laboratories, 

Hexagon House, Blackley, Manchester, 9. [Received, January 2Zrd, 1947.] 


295. Aliphatic Nitro-compounds. Part XVI. Condensation of 
Hydroxymethyldialkylamines vnth Nitro-paraffins. 

By A. Lambert and J. D. Rose. 

Hydroxymethyl derivatives of secondary amines and nitromethane or nitroethane yield, on 
heating, only nitro-diamines of t 3 rpe II (R = H or Me). 1-Nitropropane gives chiefly the 
nltro-amine (III; R «= Et) and a little nitro-diamine (I; R = Et). Nitro-amines (III; 
R s=s Me) are prepared from nitroethane and hydroxymethyldialkylamine by carrying out the 
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reaction ior a short time at ordinary temperature. Reductions of the nitro-diamines and 
nitro-amines to triamines and diamines respectively are described. 

In connection with other synthetic work in progress in these laboratories, amines of the types 
(II) and (IV) were required, and it appeared probable that the simplest and most direct method 
of synthesis would be from nitro-paraffins and hydroxymethyl derivatives of secondary amines, 
followed by hydrogenation of the nitro-amine so formed. 

R*CH,-NO, + 2CH,(OH)*NR'g — ^ (NRVCHJ,CR-NO, — ^ (NRVCHJ^CR-NH, 

(I.) (11.) 

R-CH,*NOa + CH,(OH)'NR', — ^ NR'j-CHa-CHR-NO, — ^ NR'a-CHa-CHR-NH^ 

(III.) (IV.) 

Substances of type (I) (R = H or Me) were prepared first by Henry (Bull. Soc. chim., 1896, 16, 
1225 ; Ber., 1905, 88, 2027) from nitromethane and nitroethane with N-hydroxymethylpiperidine. 
Despite this, de Mauney (Bull. Soc. chim., 1937, 4, 1451, 1460), as a result of experiments on 
the condensation of hydroxymethyl secondary amines with nitromethane, l-nitropropane, 

1- nitrobutane, and 1-nitro-octane, stated that the reaction product from primary nitro-paraffin 
always contained one free a-hydrogen atom, i.e., nitromethane combines with two and other 
primary nitro-parafhns with only one mol. of hydroxymethylamine. As was shown by Zief and 
Mason (/. Org. Chem., 1943, 8, 1), nitroethane is an exception to this rule as it condenses with 
iV-hydroxymethylpiperidine (Henry, loc. cit.) and with iV-hydroxymethylmorpholine to give 
compounds of type (I) (R = Me). Furthermore, although l-nitropropane reacts with 
jV-hydroxymethyldiethylamine to give mainly 2-nitro-l-diethylaminobutane (III; R R' « 
Et), we have also obtained small yields of the bis-condensate, 2-nitro’-l : 3-bis(diethylamino)* 
^•ethyipropane, from this reaction. 

The formation of amines of the type (III) (R = Me) from nitroethane is a matter of some 
difftculty. Attempts to degrade the bis-adducts of type (I) from nitroethane to mono-adducts of 
type (III) by alkaline reagents were uniformly unsuccessful, although this method is applicable 
to the degradation of, e.g., tris(hydroxymethyl)nitromethane to 2-nitropropane-l : 3-diol. Since 

2- nitro-2-methylpropane-l : 3-diol condenses with, e.g., hydroxymethylpiperidine to give the 
nitro-diamine in good yield, an attempt was made to effect a similar reaction with 2-nitro-n-propyl 
alcohol. Disproportionation occurred, the only product isolated being 2-nitro-l : 3-dipiperidino- 
2-methylpropane, formed by fission of the nitro-alcohol to nitroethane and formaldehyde, followed 
by recombination in the appropriate proportions. Similarly, 2-nitroethyl alcohol and 
piperidine yielded only 2-nitro-l : 3-dipiperidinopropane, and 2-nitroisopropyl alcohol (from 
nitromethane and acetaldehyde), on treatment with hydroxymethylpiperidine, gave 
acetaldehyde and 2-nitro-l : 3-dipiperidinopropane. 

Finally, the nitro-monoamines of type (III) w^ere obtained by allowing equimolecular 
proportions of the nitro-paraffin and the hydroxymethylamine to interact at room temperature. 
In this way, 2-nitro^l-diethylaminopropane was obtained in 70% yield from nitroethane and 
hydroxymethyldiethylamine, and 2-nitro-l-piperidinopropane was formed from nitroethane 
and hydroxymethylpiperidine. Although the nitro-amines were unstable and could not be 
obtained pure, and precipitated nitro-diamine on storage, reduction of the freshly prepared crude 
products gave the diamines (IV) . ' 


Experimental. 

Analyses are by Mr. E. S. Morton. All m. ps. are uncorrected. 

2-Vt/fo-l ; 3~dipiperidino-2‘fneihylpropane. — (a) This was prepared from hydroxymethylpiperidine 
and nitroethane according to Henry (loc, cit.) ; white needles from alcohol, m. p. 102*^. Henry (he, cit.) 
gives m. p. 98-^99° (Found : C, 62*3; H, 9-7; N, 16-3. Calc, for C^Ha^OjK, : C, 62*8; H, 10 0; N, 
15-6%). 

(b) A mixture of 2-nitro-2-methylpropane-l : 3-diol (Vanderbilt and Hass’, Jnd. Eng. Chem., 1940, 
889 34; 136 g.) and piperidine (170 g.) in alcohol (300 c.c.) was refluxed for 3 hours. After cooling, tiiie 
crystals were collected, washed with a little alcohol, and dried, and had m. p. 102° alone and in admixture 
with a sample prepared as (a) above. Yield, 172 g. 

2-Nitfo-\ : S-bis(diethylamino)-2-methylpropane, — Formaldehyde (40% ; 76 c.c.) was treated with 
diethylamine (74 g.) in water (76 c.c.) at 0°, and to the mixture nitroethane (37 g.) was added with 
stirring at room temperature. After 16 hours’ stirring the supernatant oil was isolated with ether, dried 
(K.CO.). and fractionated to give 2-nt/ro-l : Z'‘bis(diethylamino)-2-methylpfopane as an almost colourless 
liquid, b. p. 94— 96*70^2 mm. (Found : C. 68*8; H, 10-7; N, 16*6. Ci,H„0,N, requires C, 68^8; H, 
11-0; N, l7»l%). This diamine was unchanged by treatment with 1 mol. of sodium methoxide in 
methyl alcohol at room temperature. Catalytic hydrogenation with Raney nickel and hydrogen caused 
decomposition to low boiling products among which bi9(diethylamino)methane was recognised. 
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2-Afnino-l : Z’his(diethylaminoy2-methylpropane. — Crude 2-nitro-l : 3-bis(diethylamino)-2-methyl- 
propane, prepared as above (not distilled ; total product after concentration of ethereal solution) from 
nitroethane (37 g.), was added dropwise with stirring to an ice-cold solution of stannous chloride (327 g.) 
in concentrated hydrochloric acid (600 c.c.)- After 1 hours' stirring, excess of 30% aqueous sodium 
hydroxide was added and the product isolated with ether, dried (KjCOg), and fractionated. The fraction, 
b. p. 63 — 67°/0-2 mm., was dried over sodium and redistilled, giving the amine as a colourless oil, b. p. 
60°/0*1 mm. (Found : N, 19-6. requires N, 19-5%). 

2-‘AminO‘\. : Z^bis(diethylaminoy2-ethylpropane. — A solution of diethylamine (73 g.) in water (76 c.c.) 
was added at 0° to formaldehyde (40% ; 75 c.c.) and 1-nitropropane (46 g.) then added and the mixture 
stirred at room temperature for 20 hours. The upper layer was isolated with ether and distilled, giving 
chiefly 2-nitro-l -diethylaminobutane, b. p. 70”/0-4 mm. (cf. de Mauney, loc. cii,), and crude 
2-niirO‘l : Z-bis(diethylaminoy2-ethylpropane (18 g.), b. p. 108’^/0-2 mm., with slight decomposition 
(Found : N, 15*3. CisH290jN8 requires N, 16*2%). This latter was reduced as described above for the 
lower homologue, with stannous chloride (60 g.) and hydrochloric acid (100 c.c.) at 0°, giving 2-amino-l : 3- 
bis(diethylaminoy2-ethylpfopane (6 g.) as a colourless oil, b. p. 112 — 114°/10 mm. (Found : C, 67*7; H, 
12*8; N, 17*8. Cj3H3jN8 requires C, 68*1; H, 13*5; N, 18*3%). The formed yellow prisms 

from water, m. p. 162° (Found : C, 40*6; H, 4*4; N, 17*8. Ci8H8,N8,3C.H80,N8 requires C, 40*6; H, 
4*4; N, 18*3%). 

2-Nityo-\~diethylaminopropane. — Formaldehyde (40%; 8*1 c.c.) and diethylamine (7*3 g.) in water 
(10 c.c.) were mixed at 0° and nitroethane (7*5 g.) was added slowly with cooling. The mixture was 
kept at room temperature for 4 hours, extracted with ether, and the ethereal extract dried and distilled. 
2-Nitro-\-dieihylaminopropane was obtained as a pale yellow oil (11 g.), b. p. 83*6°/ll mm. (Found : C, 
52*6; H, 10*1; N, 17*3. C7Hi802N2 requires C, 62*6; H, 10*0; N, 17*5%), which decomposed slowly 
on keeping. 

2‘Amino~l-diethylaininopropane. — The nitro-amine (above) was reduced in methyl-alcoholic solution 
with Raney nickel and hydrogen at 70 atmospheres (initial pressure) and room temperature. 
Fractionation of the filtered solution gave 2-‘amino‘l-dieihylaminopropane, b. p. 148 — 149°/772 mm., in 
47% yield [Found : equiv. (by titration), 66*9. C,Hi8N2 requires equiv., 65]. 

2-Amino-l-pipendinopropane. — Formaldehyde (87%; 81 c.c.), piperidine (86 g.), water (86 c.c.), and 
nitroethane (76 g.) were brought into reaction as described above for the diethylamino-analogue. 
2-Nitro-l-piperidinopropane was obtained as an oil (142 g.), b. p. 99 — 104°/7 mm. (slight decomp.), 
and could not be obtained analytically ]pure. On keeping, decomposition occurred and 2-nitro-l : 3-di- 
piperidino-2-methylpropane was precipitated. Reduction of the freshly prepared material (128 g.) 
with Raney nickel and hydrogen at 60 atms. and 40° gave 2-amino-l-piperidinopropane as a colourless 
oil (64 g.), b. p. 92 — 93°/16 mm. (Found : equiv. by titration), 71*4. Calc, for CgHigNjQ : equiv., 71). 
Wenker (/. Amer. Chem. Soc,, 1938, 60 , 168), who prepared this compound by amination of 
2-chloro-l-piperidinopropane, gives b. p. 193 — 194°/760 mm.). 

Reaction of 2-Nitroethyl Alcohol with Piperidine. — 2-Nitroethyl alcohol (10 g.), piperidine (20 c.c.), and 
dioxan (20 c.c.) were refluxed for 20 minutes and poured into water. The product was mainly 
2-nitro-l : 3-dipiperidinopropane, m. p. 93 — 94®, undepressed by admixture with an authentic specimen 
prepared from nitromethane and hydroxymethylpiperidine (Henry, loc. cit.). 

Reaction of 2“Nitfo-n'-propyl Alcohol with Piperidine. — 2-Nitro-M-propyl alcohol (21 g.) and piperidine 
(17 g.) were mixed; there was considerable heat evolution and the mixture was warmed on 
the steam-bath for one hour. On cooling, the dark liquor deposited crystals, which were collected and 
recrystallised from alcohol, giving 2-nitro-l : 3-dipiperidino-2-methylpropane, m. p. 104" alone and in 
admixture with an authentic specimen. 

Reaction of 2-Nitroisopropyl Alcohol with Piperidine and Formaldehyde, — 2-]S3itro^soproi>yl alcohol 
(10*6 g.) and piperidine (17*0 g.) were mixed and cooled, and formaldehyde (15 c.c.) was added. A 
pronounced smell of acetaldehyde became apparent and a crystalline solid separated. Recrystallised 
from alcohol, this gave 2-nitro-l ; 3-dipiperidinopropane, m. p. 93 — 94° alone and in admixture with an 
authentic specimen. 

2 : 2'-Dipiperidinoisopropylamine. — 2-Nitro-l : 3-dipiperidinopropane (200 g.) in methyl alcohol (760 
c.c.) was reduced with Raney nickel and hydrogen at 130 atms. (initial pressure) and 50°, Distillation 
of the filtered solution yielded 2 : 2'^dipiperidinoisopropylamine, b. p. 162 — 164°/11 mm. Yield, 124 g. 
(70%) (Found: C. 68*6; H, 11*9; N, 18*4. C13H27N3 requires C, 69*3; H, 12*0; N, 18*6%). The 
trihydrochloride formed pearly plates from aqueous alcohol, m. p. 260° (I'ound : Cl, 31*7. Ci3H27N8,3HCl 
requires Cl, 31*8%). 

2 ; 2'-Dipiperidinoisopropylurea. — The amine (8 g.), suspended in boiling water (100 c.c.), was treated 
cautiously with nitrourea; 11 g. (3 mols.) were necessary to give a clear solution. The filtered solution 
was treated with an excess of lON-sodium hydroxide ; the precipitated oil solidified immediately and was 
recrystaUised from acetone. The urea had m. p. 86° (Found : C, 62*3; H, 10*3. C14H38ON4 requires 

C, 62*6; H, 10*4%). The dimethiodide, from aqueous alcohol, had m. p. 257° (decomp.) (Found : N, 
9*6; 1,46*7. CieH840N4l3 requires N, 10*1 ; 1,46*0%). 

The authors wish to acknowledge the interest and advice of Mr. C. Paine and Dr. H. A. Piggott in this 
work. 

Imperial Chemical Industries Limited, Research Laboratories, 

Hexagon House, Blackley, Manchester, 9. [Received, January 2Zrd, 1947.] 



1514 


BucU&y, CharUsh, and Rose : . 

296 . Aliphatic Nitro-eompounds. Part XVII. ReouAkm of 
Nitro-paraffins with UnacUuraied Sulphones.* 

By G. D. Buckley, (Mrs.) J. L. Charlish, and J. D. Rose. 

Nitro-paraffins react with vinyl sulphones in the presence of alkaline catalysts to yield 
3-nitroalltyl sulphones. The use of small amounts of catalyst results in the replacement of aU 
the a-hydrogen atoms of the nitro-paraffin to give nitro-monosulphones from secondary 
nitro-paraffins, nitro-disulphones from primary nitro-paraffins, and nitro-trisulphones from 
nitromethane. The use of sufficient alkali to convert the whole of the nitro-paraffin into its 
salt results in the formation of mainly mononitro-sulphones from primary nitro-paraffins. 
2-Halogenoethyl sulphones with an equivalent of alkali may be used in p^ce of vi^l sulphones. 
Divinyl sulphone reacts in a similar manner : with secondary nitro-paraffins it gives 
3 : 3'-dinitrodialkyl sulphones, but with primary nitro-paraffins the products are polymeric. 
Catalytic reduction of the nitro-sulphones affords the corresponding amino-sulphones, and their 
alkali metal salts give 3-keto-sulphones on treatment with mineral acids. 

A convenient synthesis of vinyl sulphones is described. 

Previous authors have described the addition of primary and secondary nitro-paraffms to 
ap-unsaturated liitro-compounds (this series. Part VIII), cyanides (Bnison and Riener, /. 
Amer. Chem. Soc., 1943, 65 , 23), and ketones and esters (Koliler, /. Amer, Chem» Soo., 1916, 88, 
889; Sonn, Bey., 1936, 68, 148; Michael, Ber., 1896, 29, 1794), but no attempt to cause them 
to react with vinyl sulphones appears to have been recorded. 

Although divinyl sulphone is a well-known compound, the simple monovinyl sulphones 
appear to be described only in the patent literature (B.P. 442,524, I.G.Farbenindustrie). Since 
the method described seemed unsuitable for use on the laboratory scale, the monovinyl sulphones 
were prepared by the following route based on the usual s^mthesis of divinyl sulphone (Alexander 
and McCombie, /., 1931, 1913) : 

HCl 

R-SNa + CHjCl-CHj-OH — > R*S*CHa*CHa-OH R-S-CHa-CH,Cl 

H,0, 

NEt, y 

R*SOj-CH=CH 2 — — R-SOa-CH,«CHaCl 

This method gave methyl, n-butyl, isohutyl, and ^-tolyl vinyl sulphones in satisfactory yield. 

Nitroethane reacted readily with two molecules of w-butyl vinyl sulphone in presence of a 
small amount of potassium hydroxide to give a 75% yield of ^-nitro-\ : b^di-iyi-huiylsulphonyiyz- 
methylpentane (I ; R = Me, R' = Bu) which was reduced catalytically to the corresponding 
amine. In presence of one equivalent of sodium hydroxide, nitroethane reacted with one 
molecule of w-butyl vinyl sulphone to give 3-nitrodibutyl sulphone (II ; R = Me) in 45% yield, 
together with a 13% yield of the dinitrosulphone (I ; R = Me, R' = Bu). It was not possible 
to suppress completely the formation of the dinitrosulphone even by the use of a large excess of 
alkali. 3-Nitrodibutyl sulphone was isolated as an oil by acidification of the alkaline solution 
with acetic or carbonic acids, but acidification with mineral acids precipitated Z-hetodihutyl 
sulphone (III ; R = Me), formed by a Nef hydrolysis (Annalen, 1894, 280, 263), which appears 
to be unusually facile in the case of y -nitro-sulphones. The nitro-sulphone could not be purified 
by distillation or crystallisation, but was reduced catalytically to the easily characterised 
3-aminodibutyl sulphone {hydrochloride) . 

NOa-CR{CH8’CHa-SO,-R')> CHj-ECHJa-SOa-CHa-CHj-CHR-NO, 

(I.) (II.) 

CHs-[CHJ3*SO,-CHa-CHa-COR NOa-C(CHa-CHa-SOa-CH,), 

(III.) (IV.) 

Similarly, 1-nitropropane reacted with «-butyl vinyl sulphone to give 3-nitro-l : 6-<fi-(n- 
butylsulphonyl)-3-‘etkylpentane (I; R = Et, R' = Bu), n-butyl Z-nitroamyl sulphone (II; 
R = Et), and n-butyl Z-ketoamyl sulphone (III; R == Et). Reaction of the sodium salt of 
w-butyl 3-nitroamyl sulphone with aqueous bromine gave n’-huiyi Z-bromchZ-nitroamyl sulphone. 
Interaction of nitromethane and methyl vinyl sulphone in presence of a little pot^sium 
hydroxide gave a 50% yield of tris->{2~methylsulphonylethy1)nitroinethane (IV), which was reduced 
catalytically to tris-{2-methylsulphonylethyl)fnethylamine. ^-Bromophenylmtromethane with 
methyl vinyl sulphone and a little methyltriethylammonium hydroxide gave methyl 3-«ifru-3-p- 
bromophenyipropyl sulphone (V ; R = Me) in 50% yield, and the sodium salt of 

* Patent application pending. 
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^-bromophenyluitromethane reacted with wobutyl vinyl sulphone to give isobutyl 3-nitro-S-p- 
bromophenylpropyl sulphone (V ; R = CHj*CHMej) in 30% yield. 1- and 2-Nitropropane with 
/>-tolyl vinyl sulphone gave respectively 3-nt/ro-l : 5-di--p-tolylsulphonyl-Z-ethylpentane (I ; 
R = Et, R' == ^-MeCjH^) and 2-nitro-4--p-tolylsulphonyl-2-methylbutane (VI). 


p-BrC,H 4 >CH(NO,)-CHs-CH,-SO,R 

(V.) 


CH,— CHj 

\h. 


CMe-NO, 
(VII.) 


/>-MeC,H 4 -SO,-CHj-CH,-CMe,-NO, 

(VI.) 

[-SO,-CHj-CH,-CMe(NO,)-CHs-CH,-], 

(VIII.) 

NOj-CMe,-CHj-CHj-SO/CHj-CHj*CMej-NO, 

(IX.) 


The behaviour of divinyl sulphone was next examined. It was hoped that interaction of 
equimolecular proportions of nitroethane and divinyl sulphone would yield the cyclic sulphone 
(VII), but although a variety of conditions were tried the only products isolated were polymeric, 
presumably of type (VIII). The expected cyclisation is apparently hindered by stcric factors. 
Divinyl sulphone reacted normally with two molecules of 2-nitroprupane to give 
3 : Z'-dinitro-Z : Z'^dimethyldibidyl sulphone (IX) which, on catalytic reduction, gave 
3 : Z'-diaminO‘Z ; Z* -dimethyldihutyl sulphone. 

Experiments with 2-chloroethyl w-butyl sulphone showed that 2*halogenoethyl sulphones 
with an equivalent of sodium hydroxide could be used instead of vinyl sulphones, but the yields 
were lower, e.g., 1-nitropropane reacted with 2-chloroethyl «-butyl sulphone to give 8% of 
3-nitro-l : 5-di-(w-butylsulphonyl)-3-ethylpcntane (I; R == ICt, R' =:= Bu) and 32% of w-butyl 
3-nitroamyl sulphone (II; R = Et). 

Experimental 

Analyses are by Mr, E. S. Morton. All m.ps. are uncorrected. 


Preparation of Alkyl Vinyl Sulphones. 

Methyl Vinyl Sulphone. — Hydrogen peroxide (300 g. of 30%) was added dropwise to a solution of 
methyl 2-chloroethyl sulphide (135 g.) (Org. Synth., Coll. Vol. 2, 136) in acetic acid (300 c.c.) at such a 
rate that the solution refluxed gently without external heating. After a further 3 hours’ heating on the 
steam-bath, the solvents were removed by distillation under reduced pressure. The viscous residue, 
consisting esscntiallv of methyl 2-chloroethyl sulphone, was added during 1 hour to a stirred solution of 
triethylamine (175 c.c.) in anhydrous ether (320 c.c.) and the mixture was stirred for a further 18 hours. 
The ethereal solution was decanted from the dark mass of triethylamine hydrochloride which was then 
extracted with dry acetone. The ether and acetone solutions were combined and fractionated to give 
methyl vinyl sulphone as a colourless oil (81 g.), b. p. 115 — 117°/19 mm. (b'ound : S, 29-8. CallgOgS requires 
S, 30-2%). 

n-Butyl Vinyl Sulphone. — 2-Chloroethyl w-butyl sulphone was prepared by oxidation of the 
corresponding sulphide according to Whitner and Reid (/. Amc/. Chem. Soc., 1921, 43, 637). The crude 
sulphone (168 g.) was added during 1 hour to a stirred solution of triethylamine (135 c.c.) in ether (260 
c.c!) and the mixture was stirred for a further 18 hours. The solution was then filtered from 
triethylamine hydrochloride and distilled to give n-buiyl vinyl sulphone as a colourless oil (104 g.), b. p. 
136®/15 mm. (Found : S, 21*3. C^HijOaS requires S, 21*6%). 

isoBuiyl Vinyl Sulphone. — Ethylene chlorohydrin (99 g. of 30%) was added to a suspension 
of isobutylthiol (37 g.) in aqueous sodium hydroxide (116 g. of 15%) and refluxed for 1 hour. The 
mixture was then freed from volatile impurities by steam distillation and, after cooling, the residual oil, 
consisting of crude 2-hydroxyethyl isobutyl sulphide (40 g.), was separated, mixed with concentrated 
hydrochloric acid (60 c.c.) and refluxed for 4 hours. After cooling, the oily product was separated, 
dried (CaClj), and distilled, giving 2-chloroethyl isobutyl sulphide as a vesicant oil (39 g.), b. p. 84 — 85°/26 
mm. (Found : Cl, 23-1. CgHigClS requires Cl, 23*3%). The chloroethyl sulphide (38 g.) was oxidised 
to 2-chloroethyl i^obutyl sulphone and this was converted into the vinyl sulphone as described above for 
the isomer. isoButyl vinyl sulphone was obtained as a colourless oil (22 g.), b. j). 132 — 133®/ 19 mm. 
F ound : S, 21*8. CgHigOaS requires S, 21*6%). 

p-Tolyl Vinyl Sulphone. — Hydrogen peroxide (145 g. of 30%) was added slowly to a boiling solution 
o£/)-tolyl 2-chloroethyl sulphide (36 g.) (Kohn and Fromm, Bar., 1921, 64, 322) in acetic acid (105 c.c.) 
and the mixture was refluxed for 2 hours. Water and acetic acid were removed under reduced pressure, 
and the residual crude />-tolyl 2-chloroethyl sulphone (42 g.) was dissolved in dry ether (80 c.c.) and added 
cautiously to a solution of triethylamine (40 c.c.) in dry ether (80 c.c.). Separation of triethylamine 
hydrochloride began at once, and, after standing overnight, the solution was filtered and evaporated to 
d^ness. The residue was washed with cold water, giving a white, crystalline solid (26 g.) which, after 
crystallisation from alcohol, gave ^-tolyl vinyl sulphone as white needles, m. p. 66® (I.G.Farbenindustrie, 
(loc, cit., give m. p. 66 — 66®). 

Reaction with Niiro-paraffins. 

Z-Nitro-l : 6-di-[Ti-butylsulphonyl)-Z~methylpentane. — Aqueous potassium hydroxide (1 c.c. of 33%) 
was added to a solution of nitroethane (3*5 g.) and n-butyl vinyl sulphone (15 g.) in alcohol (40 c.c.) and 
refluxed for 16 hours. After cooling, the precipitate was collected (13-25 g.) and crystallised from 
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alcohol^ giving Z-nitfo-l : ^'-di-{n-hutyhulph(myl)-‘Z-fMthylp»ntane (I ; R = Me, R' =» Bu) as colourless 
needles, m, p. X05® (Found ; N, 4»1 ; S, 17*1. Ci4Hi0OaN£L requires N, 3*8; S, 17*25%). 

Z-Nitrodibutyl Sulphone. — Aqueous sodium hydroxide (20 c.c. of 32%) was slowly added to a stirred 
and ice-cooled mixture of nitroethane (16 g.) and water (80 c.c.). When a homogeneous solution had 
formed, w-butyl vinyl sulphone (30 g.) was added and the mixture stirred at 20® for 3 hours. The 
solid precipitate (10 g.) was collected and washed with water; it was identical with the 3-nitro-l : 6-di- 
(w-btttylsulphonyl)-3-methylpentane described above. The alkaline filtrate was washed with ether to 
remove impurities, acidified with acetic acid (13 c.c.), and extracted with ether. The ethereal extract 
was dried and evaporated, leaving 3-nitrodibutyl sulphone (II ; R = Me) as a pale yellow oil (21 g.) 
which could not be crystallised and decomposed on attempted distillation. With nitrous acid it gave a 
blue colouration, indicating the presence of a secondary nitro-group. 

Z-Aminodihuiyl Sulphone, — Crude 3-nitrodibutyl sulphone (23 g.) in methyl alcohol (200 c.c.) was 
shaken with Raney nickel and hydrogen at 20®/l atm. until absorption ceased. The filtered solution was 
distilled, giving 3-arainodibutyl sulphone (8*6 g.) as a colourless, feebly basic oil, b. p. 122®/0*6 mm. 
The hydrochlonde formed colourless granules, m. p. 145® (Found : Cl, 16*8. C8Hn02NS,HCl requires 
Cl, 15*55%). The phenylurea formed colourless granules from benzene, m. p. 107® (Found : N, 9*16; 
S, 10*1. CijHaiOgNjS requires N. 9*0; S, 10*26%). 

Z-Ketodibutyl Sulphone (III; R = Me). — A solution of the sodium salt of 3-nitrodibutyl sulphone, 
prepared from nitroethane (3*76 g.) and «-butyl vinyl sulphone (7*6 g.) as described above, was run into 
a stirred solution of sulphuric acid (6*6 c.c.) in water (30 c.c.) during 30 minutes, the temperature being 
kept at 10 — 15®. The crystalline precipitate was collected (3*8 g.) and recrystallised from a little methyl 
alcohol at — 20®, giving the ketone as colourless plates, m. p. 69® (Found : S, 16*6. CgHjjOaS requires 
S, 16*66%). The 2 : Ardinitrophenylhydrazone, m. p. 147°, formed yellow needles from alcohol (Found : 
N, 14*85; S, 8*6. C^HaoOeN^S requires N, 16*05; S, 8*6%). 

Z-Amino- \ : ^-di-in-butylsulphonyiyz-methylpentane.— 3-Nitro-l : 6-di-(n-butylsulphonyl) -3-methyl- 
pentane (6*8 g.) was suspended in 2-ethoxyethyl alcohol (100 c.c.) and shaken with Raney nickel and 
hydrogen at 20®/ 1 atra. until absorption ceased; during the reaction the solid gradually passed into 
solution. The filtered solution was concentrated under reduced pressure and the residue crystallised 
from benzene, giving colourless crystals of the amine, m. p. 116® (Found .* N, 4*1 ; S, 19*1. C14H81O4NS, 

requires N, 4*15 ; S, 18*8%). The acetyl derivative formed colourless needles from water, m. p. 164® 
(Found : S, 16*36. CiaHaaO^NS* requires S, 16*7%). 

3-Ni/fo-l : 5-di-{n-butylsulphonyiyZ^ethylpentane and n-Butyl Z-Nitroamyl Sulphone, — (a) From 
TL-hutyl vinyl sulphone. Aqueous sodium hydroxide (6 c.c. of 32%) was slowly added to a stirred and 
ice-cooled mixture of 1-nitropropane (4*6 g.) and water (20 c.c.). When the oil had completely dissolved, 
«-butyl vinyl sulphone (7*6 g.) was added and the mixture was stirred at 60® for 3 hours. After cooling, 
the solid product was collected (1*65 g.). Crystallisation from alcohol gave 3-w«7ro-l : 6-df-(n-6M/y/- 
sulphonyiyz-ethyipeniane (I ; R «= Et, R" = Bu) as colourless needles, m. p. 104® (Found : N, 3*9 ; 
S, 16*8. CuHajOaNSa requires N, 3*66; S, 16*0%). The alkaline filtrate was washed with ether, 
acidifi^ with acetic acid (3*5 c.c.), extracted with ether, and the dried extract concentrated, giving 
«-butyl 3-nitroamyl sulphone (II ; R = Et) as a pale yellow oil (6 g.) which could not be purified by 
crystallisation or distillation. With nitrous acid it gave a positive test for a secondary nitro-group. 

(b) From 2-chloroethyl n-biztyl sulphone. Aqueous sodium hydroxide (12 c.c. of 32%) was added 
slowly to an ice-cold solution of l-nitropropane (4*6 g.) in methyl alcohol (20 c.c.). 2-Chloroethyl «-butyl 
sulphone (9*3 g.) was then added and the mixture was stirred at 20° for 18 hours. The solution was 
diluted with water (50 c.c.) and the precipitate collected (1*46 g.) and recrystallised from alcohol, giving 
colourless needles, ra. p, 104°, not depressed on admixture with 3-nitro-l ; 6-di-(w-butylsulphonyl)-3- 
ethylpcntane. Interaction of an aqueous solution of the sodium salt of w-butyl 3-nitroamyl sulphone 
with bromine at 10 — 16® gave n-5u<yl Z^bromo-Z-nitroamyl sulphone, colourless crystals from alcohol, 
m. p. 65® (Found : S, 9*96 ; Br, 25*1. C9Hi804NBrS requires S, 10*1 ; Br, 25*3%). 

n-Butyl Z-Ketoamyl Sulphone (III ; R = Et). — ^An aqueous solution of the potassium salt of w-butyl 
3-nitroamyl sulphone, prepared from l-nitropropane (4*6 g.) and w-butyl vinyl sulphone (7*5 g.) as above, 
was slowly added to a stirred solution of sulphuric acid (6*5 c.c.) in water (30 c.c.) at l(f — 16°. Stirring 
was continued for 30 minutes and the precipitate (4*6 g.) was collected, washed with water, and 
crystallised from alcohol, giving the ketone as colourless needles, m. p. 89° (Found : S, 15*46. C8Hj808S 
requires S, 16*5%). The 2 ; 4t-diniirophenylhydrazone, m. p. 132°, formed yellow needles from alcohol 
(Found : N, 14*05; S, 7*8. C,8H2808N4S requires N, 14*6; S, 8*3%). The ketone was also formed by 
acidification of the alkaline filtrate obtained in the condensation of l-nitropropane with 2-chloroethyl 
«-butyl sulphone (see above). 

Tris-{2-methylsi4lphonyleihyl)nitromeihane (IV). — Nitromethane (6 g.), methyl vinyl sulphone (34 g.), 
alcohol (80 c.c.), and aqueous potassium hydroxide (1 c.c. of 33%) were refluxed for 6 hours. After 
cooling, the precipitate (20*6 g.) was collect^, washed with alcohol, and crystallised from 2-ethoxyethyl 
alcohol and from acetic acid, giving colourless crystals of the trisulphone, m. p. 219 — 220® (Found ; N, 
3*9; S, 26*0. requires N, 3*7; S, 26*3%). 

Tri$-(2-‘methylsulphonylethyl)methylamine. — ^The nitro-compound (10 g.) was suspended in water 
(250 c.c.) and shaken with hydrogen and Raney nickel at 20®/l atm. until absorption was complete. The 
mixture was then heated to the boil, filtered from catalyst, and allowed to cool. The amine separated in 
colourless needles, m. p. 218® (Found : N, 4*16 ; S, 27*26. CioHssOtNSs requires N, 4*0 ; S, 27*6%). 

Z-Nitro-l : B-4i-p-tolyl$ulphonyl-Z-ethylpentane (I; R s= Et. R' » ^-MeC*!!*). — 1-Nitropropane (3 g.), 
/>-tolyl vinyl sulphone (10 g.), and aqueous potassium h3rrhoxide (1 c.c. of 33%) in alcohol (40 c.c.) 
were refiuxed for 16 hours, cooled, and the solid sulphone which separated was c^stallised from acetone, 
giving white needles, m. p. 161® (Found : C, 66*6; H, 6*8; N, 3*26. requires C, 66*6; 

H, 6*0; N, 3*1%). 

2-Nitro-^p-tolylsulphonylr2-methylbutane (VI). — 2-Nitropropane (6 g.), ^tolyl vinyl sulphone (10 g.), 
alcohol (40 c.c.), and aqueous potassium hydroxide (1 c.c. of 33%) were refiuxed for 16 hours. Artm: 
cooling, the separated solid was odlected and crystallised from alcohol, giving white needles of the 
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sulphone, m. p. 122° (Found : C, 62-05; H, 6-2; N, 4-86. C^HuO^NS requires C, 53-15; H, 6-25; 
N. 6-16%). 

Methyl Z'-Nitro-Z-'^’^hfomophenylpfopyl Sulphone (V; R = Me). — ^-Bromophenylnitroniethane (6 g.) 
and methyl vinyl sulphone (8 g.) were dissolved in alcohol (40 c.c.) and a few drops of a 33% aqueous 
solution of methyltnethylammonium hydroxide were added. After 18 hours at 20®, the precipitate 
(6 g.) was collected and washed with alcohol. Recrystallisation from alcohol gave colourless needles of 
the sulphone, m. p. 142® (Found : N, 4-46; Br, 26*25; S, 10*1. CioHi 204 NBrS requires N, 4*35; Br, 
24*85; S, 0*96%)). 

isoButyl Z-Nttro-Z-^-hromoj^henylpropyl Sulphone (V; R = CHg'CHMej). — isoButyl vinyl sulphone 

! 2*6 g.) was added to a solution of the sodium salt of p-bromophenylnitromethane (4*0 g.) in water 
40 c.c.) and the mixture was stirred at 60® for 6 hours, cooled, and washed with ether. The aqueous 
solution was treated with acetic acid (2 c.c.), and the separated oil. which solidified on standing, was 
collected and washed with alcohol. The crude product (2*0 g.) was repeatedly crystallised from alcohol, 
giving the sulphone as colourless needles, m. p. 92® (Found : N, 4*3; Br, 22*2; S. 9*2. C^Hi-O-NBrS 
requires N, 3; 85; Br, 22*0; S, 8*8%). 

3 : H'-DinitroS : S'^dirnethyldibutyl Sulphone (IX). — Aqueous potassium hydroxide (1 c.c. of 33%) 
was added to a solution of 2-nitropropane (8*9 g.) and divinyl sulphone (5*9 g.) in alcohol (40 c.c.). The 
solution was refluxed for 3 hours, cooled, and the precipitate (7*85 g.) collected and recrystallised from 
alcohol, giving the sulphone as colourless leaflets, m. p. 135° (Found : N, 9*46; S, 10-66. CioHanOoN.S 
requiresN, 9*45; S. 10*86%). 

3 : Z'^Diamino-^ : 3'^dintethyldibutyl Sulphone. — 3 : 3'-Dinitro-3 : 3'-dimethyldibutyl sulphone (7*8 g.), 
suspended in 2-ethoxyethyl alcohol (100 c.c.), was shaken with Raney nickel and hydrogen at 20°/l 
atm. until absorption was complete. The filtered solution was concentrated under reduced pressure, 
and the residue, a viscous semi-solid mass, was dissolved in water, acidified with hydrochloric acid and 
evaporated to dryness. After extraction with acetone, the hydrochloride remained as a white powder 
(7*2 g.), m. p. 252—266® (Found : N, 8*9; S, 10*3; Cl. 23 0. CioHa 40 oNaS, 2 HCl requires N, 9*06; S. 
10*36; Cl, 23*0%). 

Imperial Chemical Industries Limited, Research Laboratories, 

Hexagon House, Blackley, Manchester, 9. {Received January 23rd, 1947.] 


297 . Aliphatic Nitro-compounds. Part XVIII. Interaction of 
Ketones and Nitro-paraffms. 

By A. Lambert and A. Lowe. 

Interaction of acetone and nitromethane in presence of sodium methoxide, sodium 
hydroxide, quaternary ammonium hydroxides, or triethylamine gives chiefly nitro-^crf. -butyl 
alcohol ; with secondary amines as catalysts, 1 : 3-dinitro-2 : 2-dimethylpropane is the mam 
product, and this is formed from both nitro-ter/.-butyl alcohol and l-nitro-2-methylprop-l-ene 
with nitromethane. The products obtained from other nitro-paraffins and other ketones are 
briefly discussed and a reaction mechanism is proposed. 

The literature on the products formed by interaction of ketones and nitro-paraffms, though not 
extensive, is extremely confusing. According to Fraser and Kon (/., 1934, 604), condensation of 
acetone and some homologous ketones with nitromethane in the presence of sodium ethoxide, 
piperidine, p 5 nridine, methylamine, or molecular sodium gives 1 : 3-dinitro-paraffins of the 
type RR'C(CH2*N02)2 in 15 — 25% yield. Nitromethane and cyc/c?hexanone with piperidine as 
a catalyst give l-nitromethykyc/ohexene and a little l-nitromethylcyc/ohexanol, and the latter 
becomes the main product if sodium ethoxide is used as condensing agent. Since completion of 
the present work, Hass and co-workers (U.S.PP. 2,343,256; 2,383,603; cf. Chem. Reviews, 1943, 
32, 383; Ind. Eng. Chem., 1943, 35, 116) have described improved yields of 1 ; 3-dinitro-paraffins 
from nitromethane and aliphatic or alicyclic ketones by using aliphatic amines as catalysts. 
They also report failure to duplicate Fraser and Kon’s work, saying (U.S.P. 2,343,256) this 
disclosure is inoperative and does not enable one skilled in the art to obtain the compounds 
described 

In addition to the dinitro-paraffins, Hass also obtains from acetone and nitromethane some 
l-iiitro-2 ; 2-dimethylpentan-4-one in yields which vary with the relative proportions of the 
reactants ; with methyl ethyl ketone, some l-nitro-2-ethylbut-2-ene is produced. 

We have now found that, with sodium methoxide as catalyst, nitromethane and aliphatic 
ketones give only nitro-tertiary alcohols. 

RR'CO -I- CHj-NOa — RR'C{OH)-CH2-NO, 

e.g., acetone and nitromethane gave nitro-f^yf.-butyl alcohol in 62% yield. Similar results were 
obtained with sodium hydroxide, quaternary ammonium hydroxides, or triethylamine as 
catalyst. However, by using secondary amines (diethylamine or piperidine), 68% of 
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1 : 3-dinitro«2 : 2-dimethylpropaae was formed, but writh «-amylamine the main product was 
again nitro-teyf.-butyl alcohol. 

Nitromethane and methyl ethyl ketone in the presence of piperidine have given a mixture of 
l-nitro*2-methylbut-l-ene, l-nitro-2-methylbutan-2-ol, and 2 : 2-di(nitromethyl) butane. The 
isolation of these compounds from one experiment, together with the formation of 
1 : 3-dinitro-2 : 2-dimethylpropane from both nitro-/^r^. -butyl alcohol and l-nitro-2-methylprop- 
1-ene with nitromethane, indicates that the reaction proceeds as follows : 

RR'CO + CHj-NOj RR'C(OH)-CH*-NOj — ^ RR'C=CH-NO* — y RR'C(CHjj-NOj), 

Hass et aL (loc. cit.) put forward this mechanism but were unable to isolate any nitro-tertiary 
alcohol. It is unlikely that l-nitro-2-diethylamino-2-methylpropane (formed from diethylamine 
and the nitro-olefin ; see this series. Part VII) is an important intermediate product, since on 
reaction with nitromethane this substance gives only small yields of 1 : 3-dinitro-2 : 2-dimethyl- 
propane. 

When cyc/ohexanone and nitromethane were brought into reaction in the presence of 
diethylamine, l-nitromethykyc/<?hexane, 1-nitromethykyc/ohexanol and a small amount of 
1 : l-di(mtromethyl)cyc/ohexane were formed (cf. Fraser and Kon, loc, cit.), together with an 
unidentified product, m. p. 270 — 271° {acetyl derivative, m. p. 128 — 129°). The analyses of 
these agreed with an empirical formula, C„H 20O3N2, but the apparent molecular weight varied 
w'ith the method used for the determination. 

Experimental. 

Niiro~teTt.-butyl Alcohol. — mixture of sodium methoxide solution [from sodium (2 g.) and methyl 
alcohol (60 c.c.)], nitromethane, (122 g.), and acetone (600 c.c.) was stirred for 3 days at 20°. After 
neutralisation (IOn - hydrochloric acid) and filtration from salt, fractionation gave unchanged 
nitromethane (62 g.) and nitro-tert.^butyl alcohol (71*4 g.) as a colourless oil, b. p. 76 — 77°/10 mm. (Found : 
C, 40*7; H, 7-5; N. 11-85. C4Hg08N requires C, 40-3; H, 7-65; N, 11*76%). Nitro-text. -butyl acetate, 
prepared from the alcohol by boiling it with acetic anhydride, is a colourless liquid, b. p. 86 — 88°/13 mm. 
(Found : N, 8-75. C4H11O4N requires N, 8-7%). 

l-Niiro-2-methylprop-l-ene. — ^Nitro-/erf. -butyl acetate (7-7 g.) was heated with sodium acetate (0*035 
g.) at 110° for 30 minutes, and the mixture then distilled under reduced pressure. The distillate, b. p. 
45 — 66°/12 mm., was diluted with ether, washed with water, dried, and fractionated, giving l-nitro-2- 
raethylprop-l-ene (4 g.) as a pale yellow liquid, b. p. 54 — 66°/ll mm. (cf. Levy and Scaife, in the press). 

1 : i-Dtnitro-2 : 2-dimethylpropane. — (a) From acetone and nitromethane. A mixture of nitromethane 
(61 g.), acetone (58 g.), and diethylamine (21-6 g.) was kept at 20° for 28 days, poured into water, acidified 
(2N-hydrochloric acid), and extracted with chloroform. Fractionation of the dried extract -gave 
1 : 2-dinitro-2 : 2-dimethylpropane (65-5 g.) as an almost colourless liquid, b. p. 130 — 132°/10 mm., 
rapidly solidifying to an amorphous mass, m. p. 76 — 80° (Found : C, 37-2 ; H, 6-3 ; N, 17-5. C5Hio04N2 
requires C, 37-0; H, 6-2; N, 17-3%). 

The same substance was obtained in equal yield using piperidine in place of diethylamine ; with 
»-amylamine as catalyst, only 2-6% of the dinitro-compound was formed, together with 10% of 
nitro-^^rf.-butyl alcohol. 

(b) From nitro-tert.-butyl alcohol and nitromethane. A mixture of nitro-^«yf.-bu^l alcohol (38 g.), 
nitromethane (20 g.), and piperidine (3 g.) was kept at 20° for 14 days. After working up in the usual 
way, nitro-^eW. -butyl alcohol (2 g.) and 1 : 3-dinitro-2 : 2-dimethylpropane (19-8 g.) were obtained. Use 
of Tt-amylamine in place of piperidine reduced the yield of dinitro-paraffin to 8-2 g., 20 g. of the 
nitro-alcohol being recovered unchanged. 

(c) From nitro-Xoxt.-butyl alcohol. A mixture of nitro-Z^y^.-butyl alcohol (24 g.) and diethylamine 
(20 g.) was kept at 20° for 6 days. After acidification {2N-hydrochloric acid), the mixture was extracted 
with ether and the extract fractionated, giving l-nitro-2-methylprop-l-ene (2 g.), b. p. 64 — 6671I mm., 
nitro-teri.-bntyl alcohol (3-4 g.), b. p. 7 £h~ 76°/10 mm., and 1 : 3-dinitro-2 ; 2-dimethylpropane (8-6 g.), 
b. p. 130 — 132710 mm. 

(d) From l-nitro-2-methylprop-l-ene and nitromethane. A mixture of l-nitro-2-methylprop-l-ene 
(20 g.), nitromethane (12 g.), and diethylamine (3 g.), after 14 days at 20° and working up in the usual 
way. yielded unchanged nitro-olefin (7-8 g.) and 1 : 3-dinitro-2 : 2-dimethylpropane (6 g.), b. p. 
130— 132°/10 mm. 

(e) From \-nitro-2-diethylamino\sobutane and nitromethane. The nitro-amine was prepared by 
interaction of l-nitro-2-methylprop-l-ene (5-06 g.) and diethylamine (3-7 g.) in dry ether (16 c.c.) at 0° 
for 1 hour. Evaporation of the ether gave an almost completely crystalhne mass of l-mtro-2-diethyl- 
aminoisobutane, which separated from ether on strong cooling as yellow needles, m. p. 76°. Yield, 
48%. The nitro-amine decomposed rapidly on keeping and could not be analysed. 

A mixture of the nitro-amine (14 g.) and nitromethane (6 g.) in ether (16 c.c.) was kept at 20° for 16 
days. The yellow nitro-amine dissolved after 24 hours and the smell of diethylamine became apparent. 
After acidification, extraction with ether, and distillation, 1 : 3-dinitro-2 : 2-dimethylpropane (1*8 g.), 
b. p. 130 — 132710 mm., was obtained. 

(f) From nitro-tert.-butyl acetate and nitromethane. A mixture of nitro-/^f/.-butyl acetate (14 g.), 
nitromethane (6 c.c.), and piperidine (2 c.c.) was kept at 20° for 16 days and worked up in the usual way. 
1 : 3-Dinitro-2 : 2-dimethyIpropane (6*1 g.), b. p. 134 — 136°/10mm., was obtained. 

l-Nitro-2-meihylbuian-'2-ol. — A mixture of nitromethane (61 g.), methyl ethyl ketone (160 c.c.), and 
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methyltxiethylammonium hydroxide (3 c.c. of 40% aqueous solution) was kept at 20'^ for 6 days. The 
xoixture was acidified (lON-hydrochloric acid) and distilled; nitromethane (45 g.) was recovered, 
followed by l^itro-2^nietkylbutan-2-ol (12 g.) as a colourless oil, b. p. 96 — 97°/18 mm. (Found : C, 44*8; 
H, 8-0 ; N, 10-8. C,HiiO,N requires C, 451 ; H, 8-3 ; N, 10-5%). 

l-Nitro-2-methylbut-l-ene. — (a) From methyl ethyl ketone and nitromethane, A mixture of 
nitrometh^e (100 c.c.), methyl ethyl ketone (100 c.c.), and piperidine (8 c.c.) was kept at 20® for 9 days. 
The solution was acidified (2N-hydrochloric acid), extracted with ether, and the extract, after being 
washed successively with dilute sodium hydrogen carbonate and water, was dried and fractionated, 
giving l-nitrO‘2.methylbut-l-ene (7 g.), b. p. 62®7ll mm. (Found : C, 52-3; H, 7*55; N, 12-2. CsH.OjN 
requires C, 62*2; H, 7*8; N, 12’2%), l-nitro-2-methylbutan-2-ol (4*4 g.), b. p. 90 — 91®/11 mm., and 
2 : 2*di(nitromethyl) butane (11*4 g.), b. p. 92®/0*06 mm. (Fraser and Kon, loc. cit., give b. p. 
135 — 138®/9 mm,). 

(b) Frorn \-nitrQ-2-methylb%itan-‘2-ol and nitromethane. A mixture of l-nitrO'2-methylbutan-2-ol 
(13*3 g.), nitromethane (6*1 g.), and piperidine (3 c.c.) was kept at 20° for 14 days and worked up in the 
usual way. 2 : 2-Di(nitromethyl)butane (12-7 g.), b, p. 106 — 108°/! mm., was obtained. 

Z‘Nitro-2-methylhutan-2-ol. — A solution of sodium methoxide [irom sodium (3 g.) and methyl alcohol 
(60 c.c.)] was mixed with nitroethane (225 g.) and acetone (935 c.c.) and the mixture stirred at 20° for 5 
days. After acidification (IOn - hydrochloric acid), filtration from salt and fractionation, nitroethane 
(170 g.) was recovered and 2-nitro-‘2’-methylhutan-2-ol (51 g.) was obtained as a colourless oil, b. p. 
85— 86714 mm. (Found : C, 46-4; H, 8 0; N, 10-7. CgH^OaN requires C, 451 ; H, 8*3; N, 10-5%). 

1 : Z-DinitrO‘2 : 2-dimethylbutane. — A mixture of nitro-/er/.-butyl alcohol (60 g.), nitroethane (32*5 g.) 
and piperidine (10 c.c.) was kept at room temperature for 3 months. After neutralisation and 
fractionation, 1 : Z-dinitro-2 : 2~dimethylbutane (1 g.), b. p. 128 — 132°/9 mm., was obtained (Found : N, 
15-9. CeHi204Na requires N, 16-9%). 

1 : \-i)i(nitromethyl)cYC\ohexane. — (a) From cyclohexanone and nitromethane. A mixture of 
cyc/ohexanone (50 c.c.), nitromethane (30 c.c.), and diethylamine (35 c.c.) was refluxed for 10 hours. 
The solution was acidified (2N-hydrochloric acid) and extracted with ether. A colourless solid (12 g.) 
separated at this point, and was collected and crystallised from 2-ethoxyethyl alcohol, giving colourless 
prisms of a substance, m. p. 270 — 271° [Found : C, 63-9; H, 7*3; N, 10-8; M (by A^-ray determination), 
259. C14H20O3N2 requires C, 63*9; H, 7*2; N, 10-65%; M, 263]; the acetate had m. p. 128 — 129° 

g round ; C, 61-5; H, 6-8; N, 8 05; M (by A'-ray determination), 347. C18H24O5N2 requires C, 62*0; 

, 6-9 ; N, 8-05% ; M, 348]. The constitution of this substance is unknown. 

Fractionation of the ethereal solution gave 1-nitromethykyc/ahexene, 1-nitromethyky^^/ohexanol, 
and 1 : l-di(nitromethyl)cyclohexane (3 g.) as a colourless oil, b. p. 105°/0-l mm., 1*4963 (Found : N, 
14-2. C8 Hi 404N2 requires N, 13-9%). 

(b) From nitromethylcycXohexanol and nitromethane. 1-NitromethykycZohcxanol (30 g. ; Fraser and 
Kon, loc. cit.), nitromethane (15 c.c.), and diethylamine (5 c.c.) were refluxed for 12 hours. 
After acidification and extraction with ether [some solid, m. p. 270 — 271° (1-9 g.), separated here; see 
above], fractionation of the dried extract afforded 1 : l-di(nitromethyl)cyr/(>hexane, b. p. 110°/0‘2 mm. 
(Found : N, 13-6%). 

Z‘Amino-2-methylhutan-2-ol. — 3-Nitro-2-methylbutan-2-ol (48 g.) in methyl alcohol (900 c.c.) was 
hydrogenated using Raney nickel at 20°/85 atras. (initial pressure). Fractionation of the filtered solution 
afforded ^-amino-2-mcthylbutan-2-ol as a colourless oil, b. p. 65 — 67°/17 mm. (Found: C, 68-6; H, 
12-35; N, 13-9. C5H13ON requires C, 58-2; H, 12-7; N, 13-6%). 

1 : ^-Diamino-2 : 2-dimethylpropane. — Hydrogenation of 1 : 3-dinitro-2 : 2-dimethylpropane (25 g.) 
in methyl alcohol (600 c.c.) with Raney nickel (10 g.) at 20742 atms. (initial pressure) gave an oil, b. p. 
146 — 166°, which on redistillation from solid potassium hydroxide yielded 1 : 3-diamino-2 : 2-dimethyl- 
propane (11-2 g.) as a colourless oil, b. p. 154 — 156° (Found : C, 58*4; H, 13-6; N, 27-0. Calc, for 
CgHj^Na: C, 68-8; H, 13-7; N, 27-4%). The dihydrochloride formed prisms from alcohol, m. p. 259°; 
the dibenzoyl derivative, leaflets from aqueous methyl alcohol, m. p. 152° alone and in admixture with 
an authentic specimen prepared according to Part XII of this series. 

1 : l-Di{aminomethyl)cyclohexane. — Reduction of 1 : l-di(nitromethyl)cyc/c?hexane (5-5 g.) as 

described above gave 1 : l-di{aminomethyl)cyclohexane (2-6 g.) as a colourless liquid, b. p. 106 — 108°/10 
mm. (Found : C, 67*5; H, 12-3. CjHjgNa requires C. 67-6; H, 12-7%). The dibenzoyl derivative had 
m. p. 210° (Found : C, 76-3; H, 7-6; N, 8-0. CajHaeOaN 2 requires C, 75-4; H, 7-4; N, 8-0%). 

The authors wish to thank Dr, H. A. Piggott and Mr. J. D. Rose for advice and interest in this work. 

Imperial Chemical Industries Limited, Research Laboratories, 

Hexagon House, Blackley, Manchester, 9. [Received, January 2^rd, 1947.] 


298 . The Reaction of Sulphur and Sulphur Compounds unth Olefinic 
Substances. Part I. The Reaction of Sulphur with Mono-olefins 
and unth h^-^-Diolefins. 

By E. Harold Farmer and F. W. Shipley. 

The nature of the reaction occurring at 140° between sulphur and two classes of olefins has 
been investigated. Olefins in general give olefin sulphides, R-S^’R', in which on the average 
half the original unsatnration is lost and x has values up to 6. In the sulphides from mono- 
olefins R and R' appear on average to be mono-olefinic and saturated respectively, except that 
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some redistribution appears to occur in the sulphides from hydroaromatic mono-olefins owing 
to the facility of occurrence of (probab^ secondary) dehydrogenation reactions. • ‘-Olefins 
give in addition to diolefin sulphides, cyclic monosulphides which are formed from 

only one molecule of olefin. Thus, polyolefins displaying suitably-spaced unsaturation become 
both inter- and intra-molecularly cross-linked by the sulphur taken into combination. The 
reaction mechanism is discussed, and it is noteworthy that although substitutive and additive 
reactions of a radical type play an important role, additive reactions of a polar nature also 
participate. 


The idea has long been current that sulphur reacts with olefins in an essentially additive manner, 
although there is no body of evidence in the literature to relate the behaviour of sulphur as a 
reagent for double bonds with that of any of the numerous common additive reagents. The 
character of sulphur-olefin reactivity has long been a matter of interest in connexion with the 
mechanism of vulcanisation of rubbers and of drying oils, but the experiments and speculations 
of Erdmann {Annalen, 1908, 362 , 133), Kirchov {Kolloid-Z., 1913, 13 , 49; 1914, 14 , 36), Prins 
(Chem, Weekhlad, 1917, 14 , 932), and many others on this subject have done little to solve the 
basic problem, as it applies either to high-molecular natural and artificial rubbers or to quite 
simple olefins such as isobutylene and oyo/ohexene. Episulphides (thioepoxides) and cyclic 
disulphides containing respectively the groupings (a) and (b) appear definitely never to have been 
obtained by the action of sulphur on olefins, and there seems to be no sound evidence to support 
the view that alternative structures such as (c) and (d) are formed additively at ethylenic centres. 


V 


(a.) 



•c*c- 

•c-c* 



It is necessary, therefore, to find a new basis for formulating the course of reaction of sulphur, 
and in this connexion attention turns to the behf^viour of the closely related element oxygen, 
which, also, until recently was regarded as functioning normally as a common additive reagent. 
Sulphur, like oxygen, contains two unpaired electrons in its outer shell, and since it shows no 
obvious signs in its recorded behaviour of functioning as a polar reagent it may be suspected of 
resembling oxygen in possessing an inherent tendency to react apolarly. Hence methods which 
have been successfully used in the investigation of oxygen-reactivity have been applied to the 
determination of the principles governing sulphur reactions. In conducting the work it has been 
necessary, as in the comparable oxygen studies, to divide olefins into four classes, viz,, (1) 
mono-olefins, (2) di- and poly-olefins displaying uni-spaced (i.e., 1 : 4-, 1 : 4 : 7-, etc.) unsaturation, 
(3) di- and poly-olefins displaying bi-spaced (i.e., 1:6-, 1:6:9-, etc., unsaturation) and (4) 
conjugated di- and poly-olefins, since the detailed course of reaction is greatly influenced by the 
unsaturation pattern. 

The reaction of sulphur with olefinic materials usually becomes appreciable above 100°, 
and proceeds at a moderate speed at 140°, which is the most usual vulcanisation temperature for 
rubbers. This, the lowest temperature at which a convenient speed of reaction is obtained, was 
adopted for our experiments, not merely because of its common use in industrial vulcanisation 
processes, but also because experience soon showed that operation at substantially higher 
temperature is attended by serious danger of confusion arising between primary and secondary 
reactions. A beginning has been made by the investigation of the reaction between sulphur and 
cychhcxene, this being of special interest, both because this reaction has twice already been 
examined by previous workers (Jones and Reid, /. Amer. Chem, Soc., 1938, 60 , 2462 ; Meyer and 
Hohenemser, Helv. Chim, Acta, 1936, 18, 1061) with results which are difficult to interpret, and 
because it brings into consideration whatever relationship there may be between the general 
or ordinary reactivity of sulphur and the possibly specialised reactivity underlying the Vester- 
berg procedure for the dehydrogenation of hydroaromatic compounds. 

Reaction with cycloHexene . — ^When cyclohexene is heated with sulphur for several hours in a 
glass tube or steel autoclave containing air, there is obtained a mixed product composed of 
sulphurated and unsulphurated materials. The recovered hydrocarbon is wholly unimolecular 
and contains only a trivial amount of ^y^/ohexadiene and benzene (<1%, determined spectro- 
scopically as benzene), so that simple dehydrogenation of the cyc/ohexene to a more highly 
unsaturated state is not an important reaction at 140° (the Vesterberg reaction is usually carried 
out at 200° and above), unless the cyc/ohexadiene which is produced is subsequently used up in 
reaction with sulphur or hydrogen sulphide. The sulphurated products have a very large range 
of boiling point, but are very sensitive to elevated temperatures, even to those but little higher 
than the original reaction temperature, so that separation of the products by distillation must 
be conducted by molecular distillation, otherwise progressive (and hitherto unsuspected) 
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tbennal degradation sets in, with formation of moderate yields of alkylthiol, dialkyl sulphide, 
and hydrogen sulphide. If the distillation temperature is kept below 150®, only the merest 
traces of hydrogen sulphide and thiol are formed, and the main bulk of material is easily separable 
with tolerable sharpness into a series of polysulphides R* * * § S'R', R*S^*R', R^Sg-R', and R-S^-R'. 
These are the invariable products of reaction under the stated conditions, but they can be pro- 
gressively broken down at will by being heated for long periods at higher temperatures, and 
there is no doubt at all that the thiol, hydrogen sulphide, and possibly much of the monosulphide 
reported by the previous workers, are degradation products, and therefore only secondary 
products, of the olefin-sulphur reaction. The pentasulphide R-Sg-R' derived from cyc/ohexene 
stands at about the limit of practical distillability for non-rotary molecular stills operating at 
10 - 6 — iQ-e lYjin pressure and temperatures below 150° ; therefore its separation from the higher- 
boiling residue tended always to be very incomplete, and, in consequence, the total bulk too 
small to permit of its satisfactory rectification. It is perhaps significant that the undistilled 
residue before removal of any pentasulphide had an average composition agreeing almost exactly 
with that required for the hexasulphide. Variation in the proportion of sulphur employed within 
the observed limits of -J to | atom of sulphur per mol. of olefin affects mainly the yield, and not 
the nature of the sulphides obtained. 

It was at once noticeable that the alkyl radicals in these polysulphides were not wholly 
saturated, and, indeed, the hydrogen contents of the sulphides as determined by the most careful 
technique of elementary analysis available usually lay but a little above * those required for the 
formula CgHg-Saj-CgHn, or alternatively those required for an equimolecular mixture of 
CgHg'Saj’CjHg and together with (possibly) some small or large proportion 

of admixed CgHg-Saj-CgHu. In other words the atom-ratio of hydrogen to carbon (H/C) in all the 
sulphides produced {in the primary reaction) by sulphuration was found to be identical, within the 
limits of analytical error, with that of the original olefin, which signified that no serious net gain or 
loss of hydrogen as hydrogen sulphide or thiol could have occurred to that portion of the hydrocarbon 
which became successfully converted into sulphides, and hence meant that any postulation of 
dehydrogenation of the hydrocarbon to give hydrogen sulphide as the first necessary stage of 
sulphur attack must require as a corollary the complete re-addition of the hydrogen sulphide to 
the olefinic materials present, and must correspondingly preclude any overall hydrogen-enrich- 
ment of the sulphurated products at the expense of concomitantly stripped hydrocarbon 
molecules, but not necessarily the enrichment of individual sulphurated species (disulphides, 
trisulphides, etc.) at the expense of each other. 

The accurate determination of total unsaturation in the partly olefinic sulphides presents a 
difficult practical problem which has not been satisfactorily solved : catalytic hydrogenation 
methods fail owing to catalyst poisoning, and all halogen addition methods which we have 
sought to use are invalidated owing to the high co-ordinating capacity for halogens of the com- 
bined sulphur atoms.f The determination of the distribution of unsaturation presents a 
still more difficult problem. At first, owing to definite analytical indications (derived from the 
magnitude of the hydrogen contents) that the unsaturation of the polysulphides varied appreci- 
ably within the same individual species {i.e., from one sub-fraction to another), and also to the 
fact that a quite considerable proportion of pure saturated dicyc/ohexyl sulphide could be 
isolated in the form of its methiodide from the monosulphide derived from cyc/ohexene, it seemed 
likely that each species of sulphide (mono-, di-, etc.) contained some saturated material, 
^at.'Sa;'Rsat.> some dialkenyl material, R|f — these in equimolecular proportions — 

probably in addition to the “ average compound '' Rsat.'Sar’RlT’ This generalisation is probably 
true in respect of the sulphuration products derived from most mono-olefins, but it does not 
appear to be true of the sulphurated products from hydroaromatic mono-olefins because in 
such examples a subsidiary phenomenon seems to enter to complicate the normal course of 
reaction. Infra-red spectroscopic evidence J shows that much of the unsatuation surviving 
in the sulphides from cyc/ohexene is conjugated unsaturation, and the most likely source of this 
conjugation (in view of its complete absence from the synthetically derived sulphides of all 
olefins and polyolefins so far examined) § is dehydrogenation, doubtless produced by secondary 

* This excess doubtless merely reflects the usual tendency of hydrogen values to be rather high. 

t Some progress in respect of halogen-addition methods has been made by Bloomfield (cf. J. Soc, 
Chem. Ind., 1945, 64, 274) since this work was carried out. 

t We record our great indebtedness to Dr, G. B. B. M. Sutherland and Mr. N. Sheppard for their 
inv^uable co-operation in the determination of the structure of sulphur compounds. All items of infra- 
red spectroscopic evidence herein depend on their observations. 

§ The possibility that resonance in groups of vinyl sulphide type (•CrC*S') is in some degree responsible 
has not yet been specifically examined. 
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reaction. There is every reason to suspect that the superior ease of dehydrogenation of cyclo* 
hexene over cyc/obexane is due to the susceptibility of the a-methylenic hydrogen atoms to 
removal (as atoms) by the reagent, permitting the cycldhexeayl radicals so formed to achieve 
stabilisation by disproportionation (20*11** — ->• CeH* + C*Hiq), or by donation of a second 
hydrogen atom to sulphur or to *SH radicals ; there is no obvious reason why the cyclohexenyl 
groups of sulphides R*S^*R' should be immune from similar dehydrogenation, but of course 
to the extent that the unsaturation of some of the groups R and R' is increased, that of others 
must ultimately disappear, so that the overall (or average) unsaturation is not quantitatively 
altered. There are no experimental indications that any considerable amount of free hydrogen 
sulphide (rather than *SH or *S^H) is ever produced by dehydrogenation reactions and there- 
after used up again in additive reactions, although minor reactivity of this type is not unlikely. 

Reaction with l-Methylcyc\ohexene . — The reaction followed exactly similar lines to that 
observed for ^:y^:/ohexene. Only a trace of free hydrogen sulphide and no thiol was formed ; 
also the amount of monosulphide, R*S'R', produced was very small. That portion of the 
product which was distillable under high vacuum below 150° consisted of mono-, di-, tetra-, 
and penta-sulphides, the last being distillable only with great difficulty and hence not completely 
isolable from the high-boiling residue, or wholly separable from admixture with the tetra- 
sulphide. The sulphides again agreed in composition with the general formula R*S;p*R', the 
groups RR' containing between them, on average, one double bond. Probably conjugation due 
to dehydrogenation appears in these sulphides (although this has not been experimentally veri- 
fied), so precluding them from representation by the average formula C 7 Hii*S 3 .*C 7 Hi 3 or by the 
equivalent mixture of saturated and diolefinic forms C 7 Hi 3 *S^*C 7 Hx 3 and C 7 Hii*Sa;*C 7 Hii. 

Reaction with isoButylene . — In this instance also there was no appreciable amount of hydrogen 
sulphide or thiol produced, and the lowest sulphide isolated was R-Sa'R'. This, together with 
the tri- and tetra-sulphide, formed almost the whole reaction product. No conjugation of the 
groups R and R' was observed in this case. 

Reaction with Diolefins , — The manner of reaction of two bi-spaced olefins of the 
terpene group, viz., dihydromyrcene, CHs'CMelCH’CHj’CHg'CMelCH'CHg, and geraniolene, 
CHa'CMeXH'CHa'CHa’CMeXHg was next examined, the thermal treatment being conducted 
as before. With dihydromyrcene about two-thirds of the hydrocarbon w^as recovered in un- 
sulphurated condition. Of the sulphurated products about half consisted of a mobile mono- 
sulphide CioHigS, which from its low boiling point, its not unpleasant smell, the zero value of 
its active hydrogen content, and the total absence of thiol reactivity, was clearly a cyclic 
sulphide. The remaining half was a red, viscous oil, easily decomposable, when heated above 
140° or very slowdy at 140° when no solvent or excess hydrocarbon was present; this product 
was wholly undistillable except at 10~® — lO”® mm. in a molecular still, and apparently consisted 
of mixtures of sulphides of the type R*Sa;*R' analogous to these described above. The mono- 
sulphide readily formed a crystalline sulphonium iodide with methyl iodide and had a H/C 
ratio indistinguishable from that of the parent dihydromyrcene. The latter characteristic 
ruled out the possibility that hydrogen sulphide formed by dehydrogenation of some of the 
hydrocarbon molecules had added to the double bonds of other molecules to give a saturated 
cyclic product {e.g., 

CHa-CMelCH-CHa-CHa-CMelCH-CHa + HgS > CHg-CMe-CHa-CHa-CHa-CMe-CH-CH*) . 

I S 1 

Indeed, observation of the infra-red spectrum showed unmistakably that the monosulphide 
was unsaturated, and also revealed the presence of certain characteristic olefinic groupings 
(see below). 

Geraniolene behaved in a precisely similar manner with sulphur at 140°, the sulphurated 
product containing a large proportion of olefinic cyclic sulphide CgHigS and a residue 
of mixed sulphides which appeared to be of type R*Sa.*R'. 

Formulation of the Sulphides. Open-chain Sulphides . — ^The method of linking of the sulphides 
derived from cyriohexene, 1-methylcyc/ohexene, and isobutylene was first examined by 
desulphuration. The removal of sulphur by hydrogenolysis from open-chain forms R*Sa.*R' 
should give simple saturated hydrocarbons RH, R'H (RH* or R'Hg if R or R' is olefinic), 

•C — C* 

whereas its removal from forms such as S<^ I , showing carbon-to-carbon cross-linking, 

•C — C* 

would inevitably give hydrogenated hydrocarbon dimers R-R (or RH^-R, RHg*RHj, etc., if the 
sulphide is olefinic). Bougault and his co-workers had shown that sulphur can be entirely 
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repaoved from a wide range of sulphur compounds by acting on them with Raney nickel contain- 
ing adsorbed hydrogen ; Mozingo (/. Amer. Chem. Soc., 1943, 65, 1013) had later shoVirn that the 
action in the case of typical organic sulphides consisted in the severing of the C““S bonds with 

2H, 

formation of the corresponding simple hydrocarbons : R*S*R' RH -f R'H + HgS. 

The procedure was applied to the total sulphur product from cy(;^ohexene, 1-methykyc^o- 
hexene, and isobutylene, and also to homogeneous monosulphides such as dioyo/ohexyl and 
dioyo/ohexenyl sulphides. In each case there remained volatile (unimolecular) hydrocarbons 
free from corresponding dimeric (carbon-to-carbon cross-linked) forms. 

It appears, therefore, that sulphur molecules (probably chains of sulphur atoms derived by 
rupture of S^. rings) unite at either end with olefin molecules in virtue of the reactivity of their 
terminal atoms. It may tentatively be considered that such open-chained sulphur molecules 
will have radical ends.f In the case of the monosulphides (which are formed usually in small 
yield) there are two possible routes of formation : they may result from the union of single sulphur 
atoms (presumably *S*) with the olefins, or from the degradation of already formed poly- 
sulphides or polysulphide radicals, R'S^;*, to give RS*. Experience has shown that when 
sulphur is liberated in the course of a thermal decomposition reaction (presumably in atomic 
condition) it is energetically reactive towards olefins, whereas elementary sulphur reacts quite 
slowly, even with very reactive olefins such as polyisoprenes. There is some ground, therefore, 
for suspecting that the small yields of monosulphides ordinarily obtained in cautiously conducted 
olefin-sulphur reactions may not arise from the action of monatomic sulphur. It is convenient, 
however, in order to simplify the argument, to assume provisionally in the following section that 
the reagent is monatomic biradical sulphur. 

Cyclic Forms . — Owing to (1) the plurality of reaction paths open to the olefin and the sulphur 
reagent (having regard to the potential versatility of both), and (2) the strong possibility that 
cyclisation will lead to the formation of both 5- and 6- (but not 3-, 4-, and 7-) membered rings, 
there is little likelihood that the cyclic products formed respectively from dihydromyrcene and 
geraniolene will be homogeneous compounds. Efforts to separate pure or tolerably pure isomeric 
or structurally related forms from the two volatile sulphides — either by direct fractionation 
or by the formation of crystalline derivatives — proved abortive. The probability of their 
structural heterogeneity, however, is enhanced by the complexity of their infra-red absorption 
spectra in comparison with the spectra of authentic specimens of allied 6-membered saturated 
cyclic sulphides. The absorption curves, indeed, were in each case too complex to reveal directly 
the precise character of all the compounds, and for the present, necessary comparisons with 
corresponding 5- membered forms have had to be omitted owing to difficulties attending synthesis 
of the latter. But although complete interpretation of the data has not yet been possible, the 
deductions which have been made from a partial analysis [q.v.) are illuminating. 

It is necessary to envisage that a radical reagent may in general attack an olefin either by 
replacing an a-methylenic hydrogen atom or by adding to the double bond, and it is not 
a priori impossible for the two types of reaction to occur side by side. The degree of variability 
to be associated with the a-raethylenic (substitutive) type of reaction is mainly, but not solely 
(see below), that arising from the presence of two or more a-methylenic groups in the olefin 
undergoing attack, with the resultant possibility that attack may be initiated at more than 
one point in the olefinic chain. The degree of variability to be associated with the additive 
reaction is (for a mono-olefin) only that which could arise if the radical reagent possesses the 
ability to add at either end of the double bond. Now it has already been suggested by one of us 
(Farmer, ]. Soc. Chem. Ind., 1947, 66 , 86) that the addition of radicals and radical reagents 
to unsymmetrical alkylethylenes is just as strictly and universally governed by a “ radical- 
addition rule as is the corresponding addition of polar reagents by the well-known ** polar- 
addition rule of Markovnikov. Thus, whereas Br" would always add to the alkylated 
carbon atom in CHRXHg, Br* (and the same applies also to other radical addenda) could 
just as inevitably add, if it added at all, to the other carbon atom. 


t Molecular oxygen appears to have both a biradical and an unsaturated form (*pip* and 0=0), 
the latter of which enables it to form interpolymers with some olefins. Sulphur does not appear to form 
interpolymers at all and hence presumably has no unsaturated reaction form, but sulphur dioxide forms 
inteipolymers with great ease (Staudinger and Ritzenthaler, Ber., 1935, 68 , 455; Marvel et al., J. Amer. 
Chem^ Soc., 1934, 56, 1815; 1935, 67, 1691, ei seq.) and so must be able to assume a bifunctional reaction 


form, presumably 
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or 
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Hie approach to the detenninatm of the stnictiires present, and to fbrmulatloil of 
adequate reaction scheme, has been greatly facilitated by Naylor's parallel study of the polar 
and non-polar addition of hydrogen sulphide to di-isoprenic hydrocarbons (see Part II, following 
paper); for the results of this study are clear-cut, since not only are the cyclic products then 
saturated, and so free from troublesome non-uniformity in the degree and position of unsaturation, 
but the unsaturation pattern of the original di-isoprene is exactly that required to give either by 
the polar or by the non-polar process solely 6-membered sulphide rings. In contrast, the additive 
reaction which a single sulphur atom may be expected to pursue presents the high probability 
that marked non-homogeneity will arise in the end-product, since the bi-radical adducts (I and 
II) which are probably first formed, must achieve stabilisation by hydrogen transfer (i,e., 


:-&c-c-c-c;8< 
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probably mainly by disproportionation) in such a way that on average one double bond (and 
that bond not usually one of the original two) is retained and one lost ; to some doubtless minor 
extent, however, the disproportionation may well yield an equimolecular mixture of the corre- 
sponding diolefinic and fully saturated sulphides.f If, however, reaction follows the a-methyl- 
enic course, attack by the reagent is likely to be confined almost entirely to the two a- methylene 
groups between the two double bonds, leaving those in the methyl groups intact ; but owing to 
the capacity for resonance in any radical propene system that is formed when an a-methylenic 
hydrogen atom is detached (*OClC ClOC*) there will be four potential ways (III — ^VI) in 
which reaction may be initiated but only two of these, viz., (Ill) and (VI), will lead to the 
successful production of cyclic forms if the radical-addition rule is to be obeyed and only 5- 
and 6-membered rings are capable of formation. 
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There is, however, a further possibility for the formation of cyclic sulphides which cannot be 
neglected, viz., that which arises if the active thiol centres in (III — ^VI) become stabilised by 
capture of the hydrogen atoms (sec preceding footnote) and the resulting 'SH groups thereafter 
add themselves by polar mechanism (wherever the Markovnikov rule and the usual limitation 
of ring size jointly permit) to the more remote double bond. This polar type of addition would 
be likely to occur readUy owing to the strong catalytic action of the free sulphur present (see 
Part II) .J Of the four a-methylenic sulphuro-forms, however, only two, (IV) and (V), would yield 
cyclic sulphides (viz., VII and VIII) ; the olefinic thiols corresponding to (III) and (VI), if 
formed at all, would survive. Actually, the amount of such thiol that shrvived as determined 

t The path taken by the disproportionation probably depends on the incidence of intra- and inter- 
molecular hydrogen displacements respectively, the former leading exclusively to the product of average 
unsaturation (i.e., to the mono-olefinic cyclic sulphide) and the latter probably largely to the mixture 
of saturated and diolefinic forms. To the extent that the addition of the sulphur to one double bond is 
completed (i.e., the first-formed radical sulphuro-product becomes stabihsM by hydrogen rejection 
before that to the other double bond occurs), to that same extent the discarded hydrogen atoms are 
likely to add to the •S* groups giving the thiols corresponding to (III) — (VI). 

t Since polar and non-polar additions of hydrogen bromide (or hydrogen sulphide) to olefins occur 
readily side by side, there is no reason to suppose that the two kinds of ad£tion may not occur together 
in this case. 
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by usual metiKMis was extremely small, but was possibly slightly underestimated ; only later did 
the very efficient analytical and separative method used in Part II become available. Thus, 
altogether, the cyclic sulphides likely to be formed from dihydromyrcene by a-methylenic 
initiation are (VII), (VIII), (IX), and (X ) ; and those from geraniolene precisely the same forms 
minus the carbo-group (CH,) enclosed in square brackets. Correspondingly those likely to be 
formed by additive initiation are (X) and (XI), with possibly a very minor amount of (XII). 

(VII.) 

(X.) 


(VIII.) (IX.) 



Xg/ 

(XL) (XII.) 


Now the infra-red absorption data show that, as regards the 6-membered forms from both 
dihydromyrcene and geraniolene, the skeletal pattern depicted in (VII) preponderates over that 
in (X) ; also it is plain that one or more of the isomers present contains a methyleno-grouping 
CHaXRR' such as occurs in (XI) and in the minor isomer (XII) . Hence a-methylenic initiation 
of the sulphuration reaction undoubtedly occurs to an important extent and may well greatly 
exceed additive initiation. It is of especial interest that the change from the CRR'XHR" 
structure occurring in the olefinic units of the di-isoprene to the CHRiCHR' structure of the 
derived cyclic (and doubtless also of the cross-linked) sulphuro-product, as seen in (VII), with all 
that it implies in the way of a-methylenic initiating attack at a in ‘CHa'CMelCH^CHa* as dis- 

a 

cussed above, is encountered again in the sulphuration of rubber, since Sutherland and 
Sheppard’s infra-red spectroscopic data (private communication) show that the progress of 
this change keeps pace with increase in the uptake of sulphur. 

It is to be noted that no products of the episulphide (thioepoxide) type have been discoverable 
in the fore-runs of the sulphurated mono-olehns or in the cyclic monosulphide fractions from 
dihydromyrcene and geraniolene ; and indeed, no adequately substantiated method of obtaining 
such compounds save the usual one of reaction between sulphide and suitable halogeno-compounds 
appears yet to be known . The chemical behaviour of thioepoxycy^;/ohexane, a typical compound 
of this group, differs considerably from that of the open-chain and cyclic monosulphides discussed 
above. 

Nature of Sulphur Vulcanisation and the Stability of Sulphurated Products. — It has been shown 
by one of us (Farmer and Michael, /., 1942, 613) that decomposing peroxides effectively promote 
the carbon-to-carbon cross-linking (a-methylenically initiated) of olefinic materials, and also of 
ketonic and carboxylated materials (cf. Farmer, Advances in Colloid Science,” 1946, II, 
316). Decomposing diazo-compounds often have a similar effect, and with both classes of re- 
agent the process follows a radical mechanism which is irreversible except in so far as the cross- 
linked products become broken down (and even then not usually into their exact precursors) 
when they are heated to the point of thermal breakdown of the weakest C~C bonds (>250°). 
With regard to sulphur vulcanisation, the only cross-linking which has been discoverable in the 
present investigation is that brought about by the linking of the hydrocarbon chains through 
sulphur atoms or groups of sulphur atoms. The concomitant formation of monosulphide rings 
in the case of di-isoprenes is to be regarded as amounting to tw/ramolecular cross-linking, the 
different olefinic units becoming joined being in the same instead of in different molecules; 
such intramolecular li n ki n g is of course liable to take place wherever the reactant olefin molecules 
contain two or more suitably-spaced double bonds. But to the extent that cyclising sulphuration 
occurs at the expense of true cross-linking, the ingoing sulphur is apparently not used effectively 
(or at least not in the most effective way) for the conferring of ” vulcanised ” properties. The 
sulphur-vulcanisates, as a class, whether formed from short-chained olefins or high-molecular 
polyolefins, differ greatly from the carbon-to-carbon cross-linked vulcanisates in being highly 
susceptible to thermal treatment at temperatures but little above (or, possibly, where heating is 
very unduly prolonged, even at) the vulcanisation temperature. This relative instability 
(thermolability) appears to be a property of considerable moment in connection with the 
technology of natural and synthetic rubbers, causing as it does the replacement of some primary 
structures by^secondary ones. The two structural features concerned in this instability are the 
C~S bonds and (in the case of ^o/ysulphides) the polysulphide chains. 

The Stability of C-S Bonds, — ^The susceptibility of bonds to thermal degradation is 
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reserved for future study. In general, the strengtii of the bonds as it occurs in cross-linked 
structures is likely to vary very appreciably with the nature of the hydrocarbon chains in the 
immediate vicinity of the bond : indeed, having regard to the foregoing results, distinction may 
be made between three types of monosulphide bridge, (a) the diallylic type, C^C“C"“S"<^'-C3C, 
(jb) the alkyl-allyl t 5 rpe C--€*'C‘“S-C“€i:C, and (c) the dialkyl t 3 rpe, As 

regards the stability of the C--S bond to chemical reagents, it has previously been suggested by 
one of us that the well-known non-uniform action of organic bases on the sulphur vulcanisates 
of rubber is probably connected with differences in structure near the sulphur bridge ; in the 
present paper, however, attention is confined to evidence concerning the breaking of C~S 
bonds (a) under the reducing action of sodium in alcohol, and (b) by action of methyl iodide. 

Experiment showed that completely saturated sulphides such as di-«-propyl sulphide and 
di-w-butyl sulphide remained unattacked by the reducing agent, whereas dialkenyl sulphides 
such as diallyl, dicrotyl, and dicyc/ohex-2-enyl sulphides broke down readily to give approxi- 
mately equimolecular amounts of hydrogen sulphide and thiol, e,g,, 

[CHjlCH-CHaljS CHalCH-CH, -f CH^rCH-CHa-SH, and 2 CH 2 :CH‘CH 3 -f H^S. 

Mixed sulphides, of which two {propyl allyl sulphide and cyclohexyl cyclohexenyl sulphide) 
were tested, gave an intermediate result, passing to the corresponding thiol but giving no hydrogen 
sulphide. Thus the C~S bond seems to be attacked by the reducing agent only when the carbon 
atom is in the a-position to a double bond, or in other words the sulphur atom can be reductively 
detached from a-methylene groups to which it is linked, but not from saturated carbon chains. 
The cyclic sulphides from dihydromyrcene and geraniolene gave, as would be expected from the 
constitutions assigned above, much thiol but no hydrogen sulphide, but reaction was considerably 
more sluggish, presumably on account of the alkyl substitution at each of the a- methylene groups. 
For comparison, a compound of the olefin thioepoxide group, viz., thioepoxyryc/ohexane, was 
tested : this, in spite of the saturated chain attached on either side to the sulphur atom, under- 
went ready reduction to a mixture of thiol and hydrogen sulphide. 

Instability of Poly sulphide Chains. — The ability of sulphur atoms to become linked in chains 
or groups, and for elementary sulphur to exist normally in closed chains of eight, six, or possibly 
fewer atoms is commonly regarded as an expression of the strong co-ordinating power of sulphur, 
and hence there is some expectation that branching of sulphur chains due to co-ordination 

/ s-s-s-s-\ 

1 ^ ) niay frequently occur. The high-molecular polysulphides formed by the polymeric 

\ SS / 

interaction of organic dihalides and sodium tetrasulphide (Patrick, Trans. Faraday Soc., 1936, 
32, 347) are reported to contain co-ordinated sulphur atoms in their polysulphide groups, 
since a proportion of the sulphur can be easily removed by caustic alkali. It is reasonable to 
suppose that the alleged co-ordinated structure is derived directly from the tetrasulphide reagent, 
and that corresponding syntheses starting out from normal-chained polysulpho-reagents will 
yield unco-ordinated polysulphides which will not be “ stripped by caustic alkali (cf. Patrick, 
loc. cit.) or by sodium sulphite (cf. Parker, India Rubber J., 1946, 108, 387). A study of poly- 
sulphide constitution and instability will appear in a later part of this series ; therefore it suffices 
now to point out that in our experiments the removal of sulphur by caustic alkali or sodium 
sulphite succeeds with the above-described products of the olefin-sulphur reaction only to the 
extent of a few units %, suggesting that the sulphur chains are almost wholly unbranched; 
in contrast to this, however, the diethyl tetrasulphide derived from sulphur monochloride, usually 
believed to be C1*S-S*C1, and ethylthiol (CbSg-Cl 2Et*SH — y Et*S'Sa*S*Et + 2HC1), as also 
that derived by the interaction of sodium tetrasulphide which according to the foregoing indications 
is branched, and ethyl iodide, surrenders nearly half its sulphur to the stripping agent. Hence 
there is no certainty that sulphur removed by mild stripping agents is necessarily co-ordinated 
sulphur, or that straight sulphur chains cannot often be ruptured and deprived of part of their 
sulphur by the same means. 

All di- and poly-sulphides formed in the olefin-sulphur reaction decompose progressively 
at temperatures above 140° (especially from 160° upwards) into hydrogen sulphide, thiol, and 
nlonosulphide, but when temperatures above 140° are avoided in the working iip of the products 
comparatively little monosulphide (with some olefins, none at all) and only traces of hydrogen 
sulphide are formed. Therefore the formation of a large -proportion of monosulphide in any 
olefin-sulphur reaction is fairly safely to be attributed to secondary action, i.e., to thermal 
decomposition of primary polysulphides due to too long heating or too high temperature; 
apparently, however, some monosulphide is produced as a primary product, and there is no 
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evidience* as yet to suggest that the cyclic monosulphides from the di-isoprenes are other than 
primary products, although thermal decomposition of polysulphides may well be able to produce 
additional amounts. The amount of thiol formed in the thermal decomposition of the poly- 
sulphides from cy<;/chexene (as also those from 1-methykyc/ohexene) is comparatively large, 
being formed apparently by progressive breaking of the S~S-S- chains, followed by capture 

of hydrogen atoms from surrounding olefinic molecules (R~S-j“-S-S“-S-j~SR' >• R~S* or 

R'-S* ^ R-SH or R'“*SH). Experiment, indeed, showed that when a polysulphide mixture 

was distilled above the decomposition temperature, the later distillate fractions showed a H/C 
ratio progresively smaller and smaller until finally a solid residue containing 39*5% of sulphur 
but only 3*75% of hydrogen (H/C = 6 : 4*75) was left. The thiol formed by degradation 
appears always to be partly olefinic. Disproportionation of the sulphur content doubtless 
normally accompanies thiol formation when the sulphur chain is severed; Hinsberg (Ber., 
1910, 43, 1874) early observed that aromatic disulphides yielded monosulphide and trisulphide 
as well as some thiol ; and other similar instances are on record. 

The Sulphur Reagent and the Initiation of Reaction . — It is provisionally concluded from the 
foregoing that the ordinary reaction form of sulphur in the rather slow sulphur-olefin reactions 
is the open, radical-terminated sulphur chain, and consequently that in the formation of the 
cyclic monosulphides the first step may still possibly consist in the union of one end of such 
sulphur chain with an olefin molecule, later to be followed by rupture of the sulphur chain 

( >C*S*iS*S*S“ >- >C*S““ 4- “S*S*S~) . The preceding results provide some ground for believing 

that a-inethylenic initiating attack by the sulphur reagent predominates over additive attack. 
A difficulty, however, arises in connexion with the latter view, which is left for future resolution, 
viz., that there is a very sharp contrast between the relatively facile carbon-to-carbon molecule- 
linking action of peroxidic oxygen, i.e., of the free radicals such as ♦OH derived from decom- 
posing peroxides, (2CgHio -f- 2*OH y CgHj^CgHj 2 H 2 O) and the inefficient, but not un- 

known, similar cross-linking action of sulphur or sulphuro-radicals. This seems to suggest that 
the appearance of radical centres on a-methylenic carbon atoms either occurs relatively rarely 
in sulphur-olefin reactions or else such centres do not ordinarily get beyond the influence of 
the reacting sulphur. 

Experimental. 

(Analyses are by Dr. W. T. Chambers and Miss H. Rhodes.) 

Action of Sulphur on cycloHexene. — cyc/oHexene (88 g.) and sulphur (25 g.) were heated together in a 
rotating steel autoclave for ca, 6 hours, A portion of the liquid product was shaken repeatedly with cold 
dilute potassium hydroxide solution, and the combined washings acidified with hydrochloric acid and 
then extracted with ether. The ethereal extract gave no appreciable residue (a smell only) of thiol 
on evaporation; therefore the total neutral product after being carefully freed from the unchanged 
cyc/nhexene by distillation was directly fractionated. The dark brown viscous liquid was first heated at 
OT mm. pressure (the heating bath being kept below 140°), whereupon a nearly colourless oil (4 g.), 
b. p. 70 — 100°, distilled. This was refractionated, giving (i) a monosulphide, b. p. 70° (ca. 0*5 g.) and (ii) 
a disulphide of b. p. 106° (ca. 3*4 g.). The monosulphide was a mixture of unsaturated and saturated 
forms (Found: C, 72-9; H, 10*5; S, 16-4; H:C = 10-2:6. Calc, for Ci^HaoS : C, 73-4; H, 10-3; 
S, 16-35% ; H : C = 10 : 6. Cal. for CigHjaS : C, 76-66 ; H, 11-15 ; S, 16-2% ; H : C = 11 : 6), contain- 
ing some dicyc/ohexyl sulphide since it gave with methyl iodide a poor yield of dicyc/^hexylmethyl- 
suTphonium iodide, m. p. 110*6° (mixed m. p. with authentic specimen derived from pure dicyc/ohexyl 
sulphide, 110-6°) Meyer and Hohenemser (loc, cit.) had shown that less cautious heating of the total 
sulphuration product gave a much higher yield than that here obtained of a comparable monosulphide 
which was thought to consist wholly or mainly of dicyclohexyl sulphide, since it gave with methyl iodide 
the above mentioned sulphonium iodide, m. p. 110*5°. The disulphide, also, was partly unsaturated 
(Found : C, 63-4; H, 9-05; S, 27*6; H : C = 10-6 : 6. Ci^HjoSa requires C, 63-1; H, 8-8; S, 28-06%. 
CiaHjjSa requires C, 62-6 ; H. 9-66 ; S, 27-8%). 

The visocus residue in the still was transferred to a " molecular still and further fractionated. In 
this operation a Waterman (vertical-type) still gave poor results owing to unavoidable " channeling 
of the distilland on the heating surface due to low wetting-capacity for glass : hence a pot-still operating 
at ca. 10"* mm. was used in preference. Numerous fractions of increasing sulphur content were suc- 
cessively collected, including two fractions both showing unsaturation, consisting respectively of a 
/n- and a tetra-sulphide. The trisulphide, -w})®* 1-6884, was a thick, pale yellow liquid (Found : C, 65-6 ; 
H, 7*96; S, 36*4; H : C == 10-2 : 6. C^HjoSa requires C, 65*3 ; H, 7-76 ; S. 36-96%. CiaHaaS* requires 
C, 64*9 ; H, 8-46 ; S, 36-66%), and the tetrasulphide, a still more viscous yellow liquid (Found : C, 49-7 ; 
H, 6*96; 8,43-16; H : C = 10-0 : 6. CnHjoS* requires C, 49-3 ; H, 6-9; 8,43-8%); the latter had 
wif* 1-6130, ^4?* 1-209, \Rl\j> 84*20 (Calc. forC4Hii*84*C4H,Ji , using Twiss's refractivityjvalue for the sulphur 
of disulphides ; 85*15). 

The final residue in the still (ca. 34 g.) was a very dark, viscous liquid, varying a little in composition 
from experiment to experiment. Typical analytical values were : C, 40-96 ; H, 6*76 ; S, 63-46 ; H : C = 
10*06 : 6. (Calc, for Ci£H,oSc : C, 40*46; H, 5*66; 8, 63-9%). The separation of a pentasulphide from 
this residue by further distillation could be effected only with difficulty and incompletely. One such 
crude product, a reddish oil, had 8, 62*9% (Calc. : 8, 53*9%). 
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The r^overed t^dohexene was examined spectxoscopicaUy in U. V. light, by Dr, H, P. Koch^ Less than 
1 % of bei^ne and an almost negligible amount of ^^ohexadiene were found to be present. 

Sevend further reactions between cy^/ohexene and sulphur were carried out as above, diminishing 
proportions of sulphur being used (down to 0*18 atom per mol.). The sulphurated products were in 
all cases quantitatively similar to the foregoing, but the total 3 deld diminished with reduction in the 
amount 01 sulphur employed. 

Action of Sulphur on l-Methylcyclohexene. — ^The hydrocarbon (30 g.) and sulphur (7 g.) were heated 
in a sealed tube at 140 — 145® for ca. 6 hrs. The unchanged hydrocarbon (15 g.) was distilled off through 
a column, leaving a rather thick brown liquid, from a sample of which repeated vigorous agitation 
with aqueous sodium hydroxide extracted no thiol. Distillation at 0*1 mm. (bath below 146®) gave only 
a very smsdl amount (too small for refractionation) of crude monosulphide, contaminated with hyc&ocarbon 
(Found : S, 12*2. Ci 4 H, 4 S requires S, 14*3%). Continuation of the distillation at 10“® mm. gave a 
succession of fractions of increasing viscosity and deepening yellow colour corresponding respectively 
to disulphide (Found : C, 66*0 ; H. 9*65 ; S, 25*3 ; H : C == 12-26 ; 7. C^HaiS, requires 

C, 66*6; H, 9*46; S, 26*0%), trisulphide, (Found : C, 67*86; H, 8*4; S, 34*0; H : C « 

12*1:7. Ci 4 Ha 4 S, requires C, 68*26; H, 8*4; S, 33*36%), and a tetrasuiphide, C 7 Hii*S 4 *C 7 Hi 8 (Found: 
C, 62*26 ; H, 7*7 ; S, 39*86% ; H : C 12*3 : 7. C^HaaS* requires C, 62*46 ; H, 7*66 ; S, 40*0%). The 
pentasuiphide, which distilled with great difficulty, was not completely isolated, or wholly freed from 
residual tetrasuiphide. The crude fraction formed a dark reddish oil (Found : C, 49*6 ; H, 7*6 ; S, 
43*1. CiaHaaSftreauiresC. 47*6; H, 6*85; S, 43*1%). 

Action of Suiphur on isoButylene, — ^The liquid hydrocarbon (56 g. ; 1 g.-mol.) was introduced at 
--60® into a steel autoclave which contained sulphur (35 g.; 1*1 g.-mol.). The sealed autoclave was 
heated at 140 — 150° for 14 hrs., then strongly cooled and opened. A sample of the liquid contents 
was tested at once for thiol by Bell and Agniss's test {Ind. Eng. Chem. Anal., 1941, 18, 297); no 
significant proportion was present. The unreacted isobutylene was allowed to evaporate, and the liquid 
residue (63*8 g.) distilled. The first distillate was a red liquid, b. p. 80°/12 mm. (21*8 g.), and the second 
a dark red rather thick liquid, b. p. 90°/ 0*6 mm. ; there remained a dark red very viscous liquid in the 
still (ca. 14 g.). The first two distillates were separately fractionated and the products refractioned. 
Although these two stages of rectification did not result in perfect segregation of the individual poly- 
sulphides, an approximate separation into di-, tri-, and tetra-sulphides was achieved. The various 
fractions were yellow, reddish yellow, red and dark red liquids of increasing viscosity. The following 
analytical data for the fractions (a) — (A) were obtained : — 


Fraction, 


Found, %. 


C«H 


b. p./ 0’6 mm. 

C. 

H. 

s. 

n. 

H :C. 

Sulphii 

(a) Forerun 

( 6 ) 38° 

54*6 

10-0 

34*96 

wJJ 1-6006 

8-75 : 4 

Di- 

(c) 38—39° 

62*95 

9-6 

37*0 

«}?■ 1-3070 

8*7 : 4 


(d) 39—40° 

(e) 40—44° 

— 

— 

44*6 

«}?» 1-3292 

— 


(/) 44—61° 

— 

— 

44*7 

1-6330 

— 

— 

(g) 61—60° 

44-66 

8*2 

46*4 

<'■ 1-6407 

8*8:4 

rw- 

(h) 60—70° 

43*66 

7*65 

47*6 

«}>•-'' 1-6620 

8*4 : 4 

— 

(i) 70—80° 

— 

— 

— 

— 

— 

— 

(;) 80—90° 

38*95 

6*76 

63*6 

— 

8*26 : 4 

Teira- 

(k) Viscous residue 

41*3 

6*66 

61*6 

— 

7*66 : 4 

— 

'CgHigSg requires C, 
10 S 4 requires C, 40*0; 

64*6; H. 
H. 6*76; 

91; S, 36-36% ; C.H 
S, 63-3%.) 

i,S, requires C, 

46*1; H, 

7*7; S, 46- 


It is seen that no definite monosulphide fraction could be isolated and that the ultimate very viscous 
residue (although doubtless very heterogeneous, and probably containing inter alia some triolefinic 
sulphides derived by double cross-linking) approximated in average composition to tetrasuiphide. 

Action of Sulphur on Dihydromyreme . — The hydrocarbon (60 g.) and sulphur (6 g.) were heated at 
140° for about 5 hours in a steel rotating autoclave in an atmosphere of nitrogen. The product was a 
dark red, somewhat viscous liquid, from which unused hydrocarbon (ca. 41 g.) was distilled through a 
fractionating column at 15 mm. pressure (Found : C, 85*86; H, 12*96; H : C = 18*1 : 10. Calc, for 
CioHig : C, 86*86; H, 6*65%).^ 

About half the remaining liquid (10 g.), which yielded no significant thiol fraction when thoroughly 
extracted with sodium hydroxide solution, was volatile at 15 mm. (b. p. 90 — 92°; wJJ* 1*4966). This 
product, a monosulphide of dihydromyreene, could not be completely freed from the last traces of hydro- 
carbon by repeated fractionation under a good column ; the sulphur content was accordingly unavoidably 
low (Found: C, 70-86; H, 10*7; S, 18*4; active H. 0*02. CioHigS requires C, 70*6; H. 10*65; S, 
18*86; active H, 0*0%). This monosulphide was necessarily of cyclic constitution but improbably 
structurally homogeneous (see p. 1623) ; it gave (but only in part) with methyl iodide a methiod%dc, m. p. 
130° (decomp.) (Found : S, 10*0; I. 40*6. CuH„SI requires S, 10*26; I, 40*66%). 

The undistilled sulphurated residue [ca. 13*6 g.) was a very viscous, dark red oil, easily soluble in 
hydrocarbons, carbon disulphide, and ethyl alcohol. A separation of this product into two roughly 
equal parts was effected by extracting it with methyl alcohol. These parts, although fairly reproducible 
as regards elementary composition, wer^robably both mixtures of sulphides, since tiieir analyses corre- 
sponded with no definite compound. Tne insoluble fractions obtained in successive separations were 
dark brown, viscous oils (Found : S, 30*2 ; 28*1, 28*66%), and the corresponding soluble fractions reddish- 
brown oils (Found : $, 25*6, 26*1, 24*6%). These materials possessed the same general characteristics 
as the polysulphides from the simple olefins. 
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Action of Sulphur on Geraniolene,---The geraniolene (b. p. 109— 1H®/12 mm.) was prepared from 
comm^cial citxal, which was hrst purified by 9auversioii into the corresponding bisulphite compound 
(see Hibbert and Cannon, /. Amer. Chem. Soc.t 1942, 46 , 119), then oxidised to geranic acid (b. p. 118 — 
120®/0*1 mm. ; 1-4880) by means of silver oxide (see Bernhauer and Forster, J. pr, Chem., 1936, 147 , 

199), and finally decarboxylated by heating it at ca. 260° in a stream of nitrogen. The crude hydrocarbon, 
mixed with a little geranic acid, distilled during the decomposition. Several batches of hydrocarbon were 
united and rectified. The final product was colourless liquid, b. p. 35 — 36°/16 mm., w}?* 1*4410. 

The hydrocarbon (72 g.) was heated with sulphur (7*0 g.) in a steel rotating autoclave for 5 hrs. at 
140°. The crude product yielded no thiol fraction when thoroughly extracted with sodium hydroxide 
solution ; it contained, however, much unconsumed hydrocarbon (about f of original bulk), which was 
recovered by distillation. 

About half the liquid residue (ca. 14 g.) was distillable at 12 mm. pressure, so giving a colourless, sweet- 
smelling liquid similar to that obtained from dihydromyrcene and sulphur. This product, 1-4840, 
like the dihydromyrcene derivative, retained obstinately in spite of repeated refractionations traces of 
hydrocarbon. In consequence the sulphur content was invariably slightly low. It boiled at 66*6 — 
66°/12 mm. (Found; C, 69-6; H, 10-5; S, 19-9; active H, 002. aHi-S requires C, 69*2; H, 10-3; 
S, 20-6; active H, 0-0%). 

Desulphuraiion of Poly sulphides. — The method of desulphuration devised by Mozingo et al. (loc. cit.), 
employing Raney nickel powder prepared in the recommended way, was followed. The sample of 
nickel used evolved, on test, 116 c.c. of hydrogen per g. on being heated in butyl phthalate suspension 
at 220°. The sulphur compound (ca. 6 g.), dissolved in a little freshly-distilled cyc/ohexane, was 
dropped into a layer of freshly-distilled cyr/ohexane which acted as covering for the pyrophoric 
nickel (ca. 120 g.). Minute bubbles of gas were liberated immediately the sulphide was added. 
Gentle refluxing of the mixture for 3 hours completed the reaction, whereupon the solvent was 
removed by careful decantation, the nickel was extracted several times by boiling ryc/ohexane, and the 
solvent distilled from the united cyc/ohexane liquors through a column. The sulphides so treated were 
dicyc/ohexenyl sulphide (see below), and specimens of the total sulphuration products (freed from un- 
consumed hydrocarbon) derived from cyr/ohexene, 1-methylcyclohcxane and isobutylene. In no case 
did any high-boiling hydrocarbon (representing a di- or poly-molecular derivative of the olefin originally 
sulphurated) or any sulphide remain. 

Synthesis of Sulphides, Poly sulphides, etc. — (1) 3 : Z'-Dicyclohexenyl sulphide. A^-Bromosuccinimide 
(73-2 g.), prepared by the method of Ziegler et al. (Annalen, 1942, 651, 80), and oyo/ohexene (206 c.c.) 
were gently refluxed for 20 mins, in pure carbon tetrachloride (300 c.c.) in the presence of a trace of benzoyl 
peroxide. Succinimide, which was insoluble in the tetrachloride, was gradually precipitated and was 
finally filtered off. The solvent was distilled off through a column and the residue fractionated. About 
40 g. of almost colourless 3-bromocyc/ohexene, b. p. 60^61°/ 16 mm., nf?' 1-5395, were collected (Found : 
C, 44-86; H, 5-7; Br. 49-3. Calc, for : C, 44-75; H, 6-65; Br, 49-6%). 

3-Bromocyc/ohexene (12 g.), powdered sodium sulphide (5 g.), and alcohol (15 c.c.) were sealed in a 
Carius tube and heated to 100° for 4 hrs. The liquid in the cooled tube was filtered, diluted with ether, 
washed with water, dried (K2CO3), and the ether distilled. The residue, when distilled at ca. 0-1 mm. 
pressure gave about 4-5 g. of a colourless liquid, b. p. 81 — 82°, T5506, of not unpleasant smell. This 

was ^ : Z'-dicyc\ohcxenyl sulphide (Found: C, 74-15; H, 9-45; S, 16-35. CioHjgS requires C, 74-2; 
H, 9-36; S, 16-35%). 

(2) cycloHexyl cyclohexenyl sulphide. This was formed by the action of lead cyc/ohexyl mercaptide 
on 3-bromocyc/ohexene. cyc/oHexanethiol (20 g.), prepared by the hydrolysis of cyc/ohexyl thiolacetate 
with alcoholic potassium hydroxide (Cunneen, J 1947, 134), was converted into its lead salt by shaking 
it for some hours in a stoppered vessel with excess of aqueous lead acetate. The precipitated yellow 
mercaptide was filtered off, well washed, dried at reduced pressure, and then suspended in alcohol 
(4000 c.c.). To the suspension was added S-bromocyc/ohexcnc (29 g.), and the whole refluxed for 1 hr. 
on a water-bath. After filtration, most of the alcohol was distilled off through a column, and the 
concentrated alcoholic residue poured into water and extracted with ether. The extract was washed with 
water, dried (CaClg), and distilled. Much unchanged thiol passed over first, and then a colourless liquid, 
b. p. 69 — 70°/0*l mm., w}?* 1-5317, of not unpleasant smell. The latter was cyoXokexyl cyclohexenyl 
sulphide (Po\xnd : C, 73-35; H, 10-2; S, 16-16. CigHjoS requires C, 73-4 ; H, 10-26; S, 16-3%). 

(3) Propyl allyl sulphide. w-Propanethiol (45 g.)" was converted into its lead salt as above, and the 
dried salt suspended in alcohol. To the suspension allyl bromide (70 g.) was added with shaking, and the 
whole refluxed for 1 hr. The resulting liquor was filtered from insoluble lead salts, poured into water, 
and extracted with ether. The extract was washed with water, dried (CaClg), and distilled at atmo.spheric 
pressure. The distillate (30 g.), a colourless mobile liquid, b. p. 138— '140°/755 ram., was propyl allyl 
sulphide (Found : C, 61-9; H, 10-4; S, 27-7. CeHi^S requires C, 62-0; H, 10-4; S, 27-55%). 

(4) cycloHexene thioepoxide (episulphide) . This was obtained by the interaction of l-chloro-2- 

thiocyanocyr/ohexane and sodium sulphide (CgHioCbSCN -f- NagS — > S -f NaCl + NaSCIS). 
Lead thiocyanate (235 g.) was dried, placed in a 1-1. flask, and covered with dry carbon tetrachloride 
(600 c.c.) to which cyc^ohexene (49 g.) had been added. The mixture was thoroughly stirred while 
phenyl iododichloride (163 g.) was added in small amounts during about 46 mins., and thereafter for 1 hr. 
The product was then filtered from insoluble lead salts, shaken with sodium thiosulphate solution to 
remove free dithiocyanogen, and washed as well as possible with water (the formation of emulsions 
gave trouble). The carbon tetrachloride solution was dried (CaCl2), filtered from polythiocyanogen, 
and distilled. The solvent and any iodobenzene formed in the reaction were removed at reduced pressure ; 
the residue, consisting of \-chloro*1-thiocyanocycAohexane, distilled at 90— 92°/0-l mm. as a colourless 
liquid, after a forerun of 3 g. had been rejected (Found : C, 47-85 ; H, 6-8 ; N, 8-15 ; S, 18-3 ; Cl, 19-96. 
C7H10NCIS requires C, 47-86; H, 6-76; N, 8-0; S, 18-2; Cl, 20-2%) ; 1-6284, 44-86. 

The chlorothiocyanocyc/ohexane (31 g.) was dissolved in absolute alcohol (120 c.c.), and powdered 
sodium sulphide (26 g.) added. The mixture, contained in a 260-c.c. flask, was thoroughly stirred and 
refluxed on a water-bath for 2 hours. The cooled product was poured into water and extracted several 
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times witb etto. The extract was dried (KgCOg), filtered, and the solvent distiHed. ^e residy ofn 
distillation at ifi mm. pressure gave cfcfiehexme thieepoxide as a colourless mobile oil of disractive^^, 
b. p, 1*6350 (Found : C, 63-06; H, 8*86; S, 27-96. C,HioS requires C, 68-1; H, 8-8; 

S, 28*06%). ^ ^ r. i j 

(6) Diethyl tetrasulphide. Sodium tetrasulphide (23 g.), prepared by the method of Rule and Thomas 
(y., 1914, 105, T77), freshly-distilled ethyl iodide (60 g.), and absolute alcohol (90 c.c.) were refluxed on a 
water-bath for 2 hours in a slow stream of nitrog^. The product, when cool, was poured into water, 
and the precipitated oil extracted with benzene. The extract was dried (KXOj) , and the benzene distifled 
off. The oily residue, on distillation at 0*1 mm., passed over mainly at 43 — 46®, giving an evil-smeHing, 
yellow oil, b. p. 43 — 46®, wj?* 1-6105. This was undoubtedly slightly impure diethyl tetrasulphide 
(Found : S, 67-4. Calc, for C4H10S4: S, 68-8%), which Riding and Thomas (J., 1923, m 3271; 1924, 
2468), probably owing to the tecimique adopted, failed to isolate after carrying out the same reaction. 
A small forerun and a residue, obtained as by-products, may well have represented the corresponding 
di- and penta-sulphide which were reported by Riding and Thomas to be formM. Comparison of the 
product with that obtained by the action of sulphur monochloride on ethanethiol (cf. Chakravarti, ^., 
1923, 128, 966), including spectroscopic examination in U.V. light by Dr. H. P. Koch, disclosed no essential 
difference between the two, although the latter appears to be freer from impurities (see Part IV). 

(6) The following thio-compounds required for comparison with products derived by interaction of 
olefins and sulphur, and for infra-red spectroscopic observations, were synthesised by methods fully 
described in the literature : Thiols, ethyl, w-butyl, and tyc/ohexyl ; sulphides, di-n-propyl, di-w-butyl, 
diallyl, dicrotyl ; disulphides, di-«-butyl, dibenzyl. 

Infra-red Spectra. — ^he following report on the characteristics of thio-compounds has been furnished 
by Dr. G. B. B. M. Sutherland and Mr. N. Sheppard. 

(1) The Products of the sulphur-cyclohexene reaction. The infra-red spectra of ry<;/ohexanethiol, 
dicyc/ahexyl sulphide, 3 : 3'-dicyc/ohexenyl sulphide, and fy4:/t>hexene episulphide were compared with a 
series of ten fractions of the reaction products. 

In no case was cyc/ohexene episulphide detectable in the reaction products, and only one of the 
“ monosulphide fractions showed the presence of cyc/ohex-2-enyl groups, — most cases 


the strong bands in the spectra were nearly all those of tyc/ohexyl groups, showing that such saturated 
groups predominated, but in addition every sample showed “ unsaturation ” bands due to C=C valency 
vibrations between 1690 and 1600 cm.^^ which are in the position generally associated with unsaturation 
of a conjugated type. No other olefmic groups were detected. 

(2) The reaction products of sulphur with geraniolene and dihydromyrcene. The infra-red spectra of 
these products were compared with those of the saturated products obtained from the reaction of the 
same hydrocarbons with hydrogen sulphide (Sheppard and Sutherland, this vol., p. 1640). Two general 
points were noticeable : [a) Bands at 890 cm. indicated the presence of double bonds of the type 
CRR'XHj in the sulphur products. (6) There was a strong general resemblance in both cases between 
the spectra of the products of the reaction with sulphur and those with hydrogen sulphide. In the case 
of the geraniolene-sulphur product a noticeable splitting of the 1370 cm."^ band indicated a preponderance 
of g«m-dimethyl groups (Sheppard and Sutherland, loc. at.), and was further evidence for the similarity 
of the two products (see below). As the purification of the hydrogen sulphide products led to their 
identification as 2:2:6: 6-tetramethyltetrahydrothiopyran (I) and 2:2; 6-tnmethy 1-6-ethyl tetra- 
hydrothiopyran (II), it seems reasonable to assume that the carbon skeletons of the sulphur products 



are closely related. On chemical grounds one would expect that the sulphur products would contain a 
double bond in the molecule, but our spectroscopic data are insuificient to decide this point. However, 
in view of the fact that the spectra of ^c/ohexyl and cyc/ohexenyl groups have many features in common, 
the spectroscopic data would be consistent with the presence of the above saturated compounds in the 
products or, alternatively, with the presence of similar compounds containing a double bond in the ring. 
Since C'RR:CH2 groups are not obtainable with carbon skeletons of the above t5rpe, these bands presumably 
arise from another molecular species in the product. 

Reductive Scission of Sulphides. '^{9^) Action on saturated dialkyl sulphides. Redistilled di-w-butyl 
sulphide (1 g. ; 1 mol.) was dissolved in absolute alcohol (60 c.c.), and sodium (6 g. ; 3*2 atoms) added 
in portions. The alcohol was kept boiling until the sodium had all dissolved, whereupon the product was 
corned, poured into water, and the aqueous liquor extracted once with ether to remove traces of unchanged 
sulphide. The alkaline liquor was then acidified with hydrochloric acid and several times extracted 
with ether to remove all thiol formed in the reduction. The ethereal extract was freed from traces of 
mineral acid by washing it with water, and afterwards the content of thiol determined by means of silver 
nitrate following ^e procedure of Bell and Agruss (loc. cit.). It was found that no appreciable reduction 
of sulphide to thiol had occurred. The experiment was repeated with pure di-w-propyl sulphide, with 
the same result. 

(b) Action on dialkenyl sulphides. This was examined with diallyl and dicyclohexenyl sulphides. 
The amount of hydrogen sulphide and thiol (respectively) produced by reaction were determined from 
the tot^ yield of -SH groups (including hy^drogen sulphsae) and the yield of thiol. These values were 
determine by extracting the hydrogen sulphide and thiol together from one aliquot part of the acidified 
(HaSOJ, sulphide-free rmuction liquor by means of benzene, and precipitating the hydrogen sulphide 
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froitt andtlier by means of cadmium chloride, before extracting the thiol from the filtered liquor by means 
of ether. The details were essentially those of Bell and Agruss (loc. cit.), Diallyl sulfide (0-20 g ) 
became completely reduced, giving approximately equimolecular amounts of hydrogen sulphide (0 0260 a ) 
and thiol (<)‘062 g., calc, as allylthiol). Dkydohexenyl sulphide (0-33 g.) was similarly completSy 
reduced, giving hydrogen sulphide (0-024 g.) and thiol (0*13 g., calc, as cyc/ohexenthiol). 

(c) Action on alkyl alkenyl sulphides. These sulphides gave no hydrogen sulphide on reduction, 
which was incomplete. cycloH^Tsyl cycZohexenyl sulphide (0-26 g.) gave thiol (doubtless cyc/ohexyl, 
0-091 g. ; corresponding to ca. 60% reduction); propyl allyl sulphide (0-106 g.) gave thiol (doubtless 
propyl, 0-033 g., corresponding to ca. 50% reduction). 

(d) Action on cyclic sulphides. The cyclic sulphides from dihydromyrcene and geraniolene were 
separately reduced in the usual way. Reduction proved to be very incomplete in each case ; no hydrogen 
.sulphide was produced but a moderate yield of alkali-soluble thiol was formed from each sulphide. 

(e) Action on thioepoxides. This was examined only in the instance of cyclohexane thioepoxide. 
The latter (0-148 g.) gave both hydrogen sulphide (0-010 g.) and thiol (doubtless cyc/ohexyl, 0-08 g.). 

Action of methyl iodide on monosulphides. The sulphide was in each case mixed with an equal volume 
of the reagent and kept in the dark overnight. A typical saturated sulphide, dif;yc/ohexyl sulphide, gave 
in good yield the corresponding sulphonium iodide, SMe(C6Hii)2l. m. p. 111®. Three dialkenyl sulphides, 
viz.t diallyl, dicrotyl, and 3 : 3'-dicyc/ohexenyl sulphide, all readily gave crystals of trimethylsulphonium 
iodide, m. p. 204 — 207® (decomp.), identical with the compound prepared by union of methyl iodide and 
methyl sulphide, but no stable sulphonium compound. Two alkyl alkenyl sulphides, viz,, cyc/ohexyl 
cyclohexenyl sulphide and propyl allyl sulphide, both gave non-crystaillising oily products. 

The monosulphide from the cyc/ohexene-sulphur reaction gave much oily material, like the alkyl 
sulphides, but also a little dicyc/ohexylmethylsulphonium iodide, m. p. 110® (mixed with authentic 
specimen, 110°). The cyclic sulphide from dihydromyrcene gave with methyl iodide an oil which 
slowly crystallised : the resulting solid (colourless prisms, m. p. 130®, from ether-alcohol) was a methiodide 
of dihydromyrcene monosulphide (Found : C, 42*0; H, 7-0; I, 40-6. CnHaiSI requires C, 42-3; 
H, 6-8; I, 40-66%). The cyclic sulphide from geraniolene likewise gave with methyl iodide an oil that 
slowly crystallised : the solid (colourless prisms, m. p. 120°, from ether-alcohol) was a methiodide of 

f eraniolene monosulphide (Found : C, 39-9; H, 6-85; 1, 42-25; S, 10-45. CioHigSI requires C, 40-25; 
1,6-46; 1,42-55; S, 10-75%). 

cyc/oHexene episulphide gave with methyl iodide in a few hours much trimethylsulphonium iodide, 
m. p. 204—207 (Found : C, 17-56 ; H, 4-46. Calc, for CaH^SI : C. 17-7 ; H. 4-45%). 

Removal of Polysulphide Sulphur by Chemical Reagents. — (a) With sodium hydroxide. The sample 
of sulphide was placed in a small flask {ca. 10 c.c.) together with 10% or 40% alkali (6 c.c.) and a few 
c.c. of 0-1% sodium stearate to act as wetting agent. The air space was filled with nitrogen, and the 
closed vessel mechanically shaken in an oil-bath adjusted to the desired temperature. After the period 
of treatment was completed the reaction liquor was poured into water, the oily sulphide extracted 
with benzene, the benzene solution washed well with water and dried (K2CO3), and the dry solution filtered 
and freed from solvent in a vacuum without heating. The decrease in sulphur content due to the action 
of the alkali was determined by analysis of the specimen before and after treatment in preference to 
determining the amount of sulphide formed in the reaction. 

Typical examples of the effect of the alkali in removing sulphur are the following : The tetrasulphide 
from cyc/ohexene decreased in sulphur content from 43*15 to 41-0% in 3 hrs. at 60° with 10% alkali, 
and from 43-16 to 40-15% in 3 hours at 80° with 40% alkali. The tetrasulphide from cyc/ohexene 
decreased in sulphur content from 36-4 to 33-65% in 3 hrs. at 80° with 40% alkali. Diethyl tetrasulphide 
(from sodium tetrasulphide and ethyl iodide) decreased in sulphur content from 67-4 to 51-5% in 3 hrs. 
at 80° with sodium hydroxide, so giving nearly pure diethyl disulphide (S. 52-5%). 

(b) With sodium sulphite. The weighed sample of sulphide (usually ca. 0-1 g.) was placed in 10% 
AnalaR "'sodium sulphite solution (100 c.c.) together with 0-1% sodium stearate (ca. 5 c.c.) to act as 
wetting agent. The solution was boiled for 2-5 hrs. during which nitrogen was slowly bubbled through. 
Organic matter was extracted with chloroform; then the aqueous phase was cooled at 0°, and 40% 
formaldehyde solution added to combine with the excess of sodium sulphite. Glacial acetic acid (10 c.c.) 
and 1% starch solution (3 c.c.) were next added, and the solution titrated with n/ 10-iodine solution to 
determine the yield of sodium thiosulphate and hence the amount of sulphur removed (1 mol. of 
Na^SjjOs s 1 atom of S). The following are typical results, losses being given in terms of total sulphur : 
Ethyl tetrasulphide (from sodium tetrasulphide and ethyl iodide) lost 47-6% (i.e., 1-9 atoms). The 
polysulphide mixture (excluding cyclic monosulphide) obtained in the geraniolene-sulphur reaction 
lost 10-8%. The corresponding polysulphide mixture from dihydromyrcene lost 6-4%. Dibutyl tetra- 
sulphide lost 30-1%, and cycldhexene episulphide 45%. 

Thermal Decomposition of Poly sulphides. — Attempted distillation at ca. 0-1 mm. of the sulphurated 
products from cycloh.exene and 1-methylcyc/ohexene gave but little distillate (a little monosulphide and 
no thiol or hydrogen sulphide) unless the temperature of the heating bath was allow-ed to rise well above 
140°. Prolonged heating at higher temperatures caused a slow but progressive distillation of mono- 
sulphide, thiol, and hydrogen sulphide. The tendency to decomposition of the monosulphide-free 
sulphurated product from cydohexene was examined at 160 — 170° by heating it in sealed tubes for 5 hours. 
The tubes were cooled in liquid air before being opened, and the main bulk of hydrogen sulphide present 
was allowed to evaporate slowly into lead acetate solution. The lead sulphide was filtered off, dried, and 
weighed. The thiol and residual hydrogen sulphide were estimated by utilising the method of Bell and 
Agruss (loc. cit.). In a typical experiment 13 g, of the sulphuration product yielded hydrogen sulphide 
(3*8 g,), thiol (2-6 g.), volatile sulphides (mainly monosulphide, 3-3 g.), and a small amount of non- 
volatile solid which was easily soluble in benzene (3*2 g,). In another experiment 6-9 g. of thio- 
pToduct, after being kept at 130° and 10"*® mm. for 30 hrs. to ensure that no free thiol or lower sulphides 
were present, gave, on being heated in a sealed tube at 180 — 190° for 6 hrs., hydrogen sulphide (1-7 g.), 
thiol (1-2 g*), sulphides (mainly mono-, 1-4 g.), and a dark residue of solid (mainly crystalline) thio- 
hydro^bon (1-4 g.). The residue, like all residues similarly obtained by the thermal decomposition of 
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sulphurated fivi^oh^ene, had a inuch reduced H : Cratio (Found : C, 56*35; H, 3*75; ^ 39*7%; 
H;C «» 4*76/6}* 

This pa^ forms part of a programme of research undertaken by the Board of the British Rubber 
Producers" Kesearch Association. 

Thb British Rubber Producers" Research Association, 

Welwyn Garden City, Herts. [Received, January 16/A, 1947.] 


299 . The Reaction of StUphur and Sulphur Compounds with Olefinic 
Substances. Part 11. Mechanism of the Reaction of Hydrog&n 
Sulphide with Mono-olefirts, Di-isoprenes, and Rubber. 


By Ralph F. Naylor. 


Hydrogen sulphide unites with mono- and di-olefins under pressure to give normal adducts 
when reaction is conducted in the presence of sulphur or a metallic sulphide as catalyst, and 
abnormal adducts when it is promoted under the influence of ultra-violet light. The adducts of 
both types include alkanethiols and alkyl sulphides and disulphides. The principal reaction 
products from the two di-isoprenes, dihydromyrcene and geraniolene, are cyclic sulphides of the 
tetrahydrothiopyran series, each being derived from a single molecule of the diolefin; 
corresponding products derived from two molecules of the diolefin are formed in much smaller 
yield. Rubber also gives sulphides of the latter (cross-linked) kind, formed by the linking of two 
or more polyolefin molecules by sulphur. 


Apart from the intrinsic interest of the reactivity of hydrogen sulphide with olefins, a knowledge 
of this reactivity is, as indicated in Part I (preceding paper), of considerable importance in the 
study of the reaction of sulphur with unsaturated compounds. In marked contrast to the 
wealth of literature on the addition of hydrogen bromide to olefins, there is very little work 
recorded on the corresponding reactions of hydrogen sulphide. Such accounts as are published 
indicate that the addition of hydrogen sulphide is difficult to effect, and that catalysts are 
invariably required. Among the various catalysts found to be effective are silica gel (Mailhe 
and Renaudie, Compt. rend., 1932, 195, 391), nickel on kieselguhr, and certain nickel salts 
(Duffey, Snow, and Keyes, Ind. Eng, Chem,, 1934, 26, 91 ; Barr and Keyes, ibid., p. 1111), iron 
oxide and sulphide (Boeseken and Van der Linde, Rec. Trav. chim., 1935, 64, 739), and sulphur 
(Jones and Reid, J. Amer. Chem. Soc., 1938, 60, 2452). The yields of addition products have 
seldom been high, and the direction of addition has been found in each case to follow the 
Markownikow rule, although a proportion of abnormal addition products was obtained in 
high-temperature heterogeneous reactions (Barr and Keyes, loc. cit .) ; this probably arose by 
partial isomerisation of the initial adduct. Recently, however, Vaughan and Rust (/. Org. 
Chem., 1942, 7, 472), by ultra-violet irradiation of mixtures of olefins and liquid hydrogen 
sulphide, have obtained abnormal adducts in a short reaction time, without the aid of the high 
temperatures and pressures found necessary for normal addition. 

Since it was observed by Jones and Reid (loc. cit.) that the normal addition of hydrogen 
sulphide proceeds far less readily with cyc/ohexene than with simple aliphatic olefins, it was not 
surprising to find that photo-ad^tion of liquid hydrogen sulphide to 1-methylcyc/uhexene gave 
poor yields. As Pyrex glass, which was used for the reaction tubes, does not transmit light 
below 2900 a., 'whereas hydrogen sulphide is split into radicals only by wave-lengths of 2800 a. 
or less, it was necessary to add acetone as a photo-sensitiser. The products were a thiol and 
sulphide, and by analogy with the work of Vaughan and Rust, it may be assumed that these were 
l^methylcyQXohexane-^^-tliiol (I), and di-2-methylcyc\ohexyl sulphide (II). In one experiment the 
sulphide fraction was found to contain some disulphide (III), which although present in 
insufficient quantity for separation, was indicated to be present by analytical evidence. 
Although no previous reference has been made to the formation of disulphides in such reactions, 




it seems evident that it has arisen either by combination of two mercapto-radicals or by oxidation 
of the initially formed thiol. 
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The aiily recorded work on the catalysis of hydrogen sulphide addition by sulphur (Jones and 
Reid, loG. dt.) suggests that the latter is one of the best catalysts for normal addition, but the 
relatively large quantities of catalyst then used introduce doubt as to how far the sulphur is 
itself reacting with the olej&ns and how far catalysing the addition of hydrogen sulphide. In 
addition, this work was conducted at 180°, at which temperature there is appreciable 
decomposition of some di- and poly-sulphides (see Part I; also Hinsberg, Bar., 1910, 48, 1874). 
It has now been confirmed that small quantities of sulphur catalyse the addition of hydrogen 
sulphide to isobutylene at ca, 140° ; some reaction took place in absence of sulphur, but this was 
probably due to the catalytic effect of ferrous sulphide formed on the walls of the steel autoclave 
used. The reaction products were identified as being -butyl derivatives formed by 
** normal ** addition of the reagent to the double bond, and included di-^^y/. -butyl disulphide 
as well as the corresponding monosulphide and thiol. The yield of disulphide was greater than 
could have arisen by reaction of the sulphur catalyst with isobutylene, and it was still formed 
when the catalyst was omitted. The possibility of oxidation of the initially formed thiol was 
investigated by heating /^r/.-butanethiol with air in a sealed tube ; no disulphide could be detected 
although there was some decomposition of the thiol into -dibutyl sulphide and hydrogen 
sulphide. Rigorous exclusion of air from the isobutylene-hydrogen sulphide reaction mixture 
did not prevent formation of the disulphide, so the only possible mode of reaction seems to be 
oxidation of the thiol with concurrent reduction (hydrogenation) of the olefin, as reported by 
Williams and Allen (U.S.P. 2,052,268 ; Cham, Abs., 1930, 30, 7122) for similar hydrogen sulphide 
additions. 

cycloHexene reacted with hydrogen sulphide in presence of a sulphur catalyst in a manner 
analogous to isobutylene, although the cychhexanethiol first produced appeared to add more 
readily than hydrogen sulphide to the olefin, since dicyclohexyl sulphide constituted the main 
product. An attempt to catalyse the addition of hydrogen sulphide to 1-methylcyo/ohexene by 
ethyl dihydrogen phosphate, after the suggestion of Bahr and Corr (D.R.-P. 708,261), was 
unsuccessful 

Sulphur-catalysed addition of hydrogen sulphide to polyisoprenes occurred 
more readily than it did to hydroaromatic hydrocarbons. Dihydromyrcene, 
CHj'CMelCH'CHa'CHj-CMelCHMe, reacted to give a quantity of alkali-soluble material which 
was too small to permit of isolation of this thiol, but gave a 20% yield of an alkali-insoluble 
compound of formula CioHgoS. Of the possible structural formulae, (IV), (V), and (VI), 
assignable to this product, (VI), which is formed from (IV) or (V) by an intramolecular addition 
reaction, seemed the most likely in view of the insolubility of the product in alkali. 
Inter-molecular addition reaction yielding products containing more than one Cio-unit occurred 


CMe2(SH)-CHs-CHj-CH8*CMe:CHR 
(IV, R = CHg ; VII, R = H.) 


CMea:CH-CH,-CH8-CHa-CMe(SH)-CHjR 
(V, R = CHa; VIII, R = H.) 


CHj 

CH: 


CHa 

H,c/ ^H, 


(VI, R-CHa; IX, R = H.) 


to the extent of only 1 — 2%, but there appeared to be some unimolecular disulphide (CjoHjoSa), 
which was present in insufficient quantity for isolation. Similar results were obtained by 
interaction of geraniolene, CHa'CMelCH'CHa’CHa’CMelCHg, with hydrogen sulphide, the main 
product in this case being a thio-compound CjHigS, represented by (VII), VIII), or (IX). 
Attempts to obtain characteristic metallic salts or metallic-salt addition compounds were 
unsuccessful. The infra-red absorption spectrum of this thio-compound was radically different 
from that of the parent geraniolene, suggesting that a complete change of structure, such as is 
involved in the formation of a tetrahydrothiopyran ring, might have occurred. An attempt to 
establish this ring structure by correlation of the spectrum with that of pentamethylene sulphide 
was unsuccessful, as the latter exhibited an altogether different spectrum from that of the 
hydrogen sulphide reaction products. Synthetic 2:2:6: 6-tetramethyltetrahydrothiopyran 
(see this voL, p. 1106), although analytically identical with the hydrogen sulphide reaction 
product, showed differences in boiling point and refractive index, and had a characteristic 
infra-red absorption spectrum,* which could not be correlated with that of the reaction products. 
In particular, the latter exhibited absorption associated with unsaturated groupings of the 
types CMeRlCH^ and CRR'ICHR" and with thiol groups. 


• Examination of the infra-red absoiption spectra of the compounds described in this paper was 
carried out at Cambridge by Dr. G, B. B. M. Sutherland and Mr. N. Sheppard. The details of the 
spectra are discussed by these authors in the following paper. 
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Similax mmlts were obtained with the dih^^ronxytcene-hydrogen sulphide produet, The 
possil^ty of 1h« unsaturation being due to the presence of small amounts of unchanged olefin 
was excluded by two experiments. Dihydromyrcene is a mixture of 2 : 6-dimethylocta*2 : 6- 
diene, 2 : 6-dimethylocta-2 : 6(10)-diene, and possibly 2 : 6-dimethylocta-l : 6-<hene and 
therefore shows absorption characteristic of CMeRtCH, grouping. The pure 2 : 6-isomer 
(which exhibits no such absorption) was prepared by sodium-ammonia reduction of geraniol 
(Chablay, Ann. Chim., 1917, 8 , 146; Dupont, Dulou, and Desreux, Bull. Soc. chim., 1939, 6 , 84) 
and reacted with hydrogen sulphide in the presence of sulphur. The resulting product also 
showed bands characteristic of CMeRlCH, groups, although it was established that no 
isomerisation of the recovered hydrocarbon had occurred. Also, examination of suitable 
mixtures showed that introduction of small amounts of dihydromyrcene to the synthetic 
thiopyran (IX) did not affect the absorption spectrum. 

Substitution of aluminium sulphide for sulphur as a catalyst in the reaction of 2 : 6-dimethyl- 
octa-2 : 6-diene with hydrogen sulphide gave rise to products similar to the foregoing, but there 
was isolated in addition, 2 : ^dimercapto-2 : ^-dimethylociane, CMe 2 (SH)*CH 2 *CHa*CHa*CMe 2 *SH 
(X). The main product, CioHgoS, showed considerable difference in the absorption attributable 
to unsaturation from that described above, the predominant group now being CRR'ICHR" 
with very little CMeRlCHj. It is evident, therefore, that the 'CMeXHa group arises by reaction 
of the sulphur itself and not of the hydrogen sulphide. That cyclic sulphides containing this 
group are in fact among the products of reaction of sulphur with dihydromyrcene has been 
indicated in Part I {loc. cit.). 

The improbability of the Occurrence in significant degree of a radical mechanism leading to 
“ abnormal ** addition in the sulphur-catalysed or metal sulphide-catalysed hydrogen sulphide 
reaction was indicated by demonstrating that the type of reaction obtained with 
2 : 6-dimethylocta-2 : 6-diene was unaffected by the presence of quinol (polyisoprenes usually 
contain small quantities of peroxide which might catalyse the abnormal addition). However, 
the ratio of thiol to cyclic sulphides was increased. 

In spite of the alkali-insolubility of the compounds C 10 H 20 S and CaHjgS, Zerewitinoff 
determinations by the micro-method of Bolland (Trans. Inst. Rubber Ind., 1941, 16, 267) 
indicated the presence of varying amounts of active hydrogen, presumably in the form of thiol 
groups * as had already been indicated by the infra-red spectra. The susceptibility of this 
method to traces of compounds of low molecular weight containing active hydrogen rendered it 
less reliable than the method recently described by Turk and Reid (Ind. Eng. Chem. Anal., 
1946, 17, 713) involving titration of a solution of the thiol against a solution of cupric butyl 
phthalate. The presence of the thiols (IV) and (V), and (VII) and (VIII), in amounts up to 40% 
of the total CjoHjoS and CjHigS fractions was thus demonstrated. A modification of the 
analytical method allowed cupric butyl phthalate to be used for the qualitative removal of the 
thiol from the mixtures obtained by the aluminium sulphide-catalysed reactions, and this 
resulted in the isolation in a nearly pure state of 2 : 2 : 6-trimethyl-6-ethyltetrahydrothiopyran 
(VI) and 2:2:6: 6-tetramethyltetrahydrothiop)rran (IX) (see this voL, p. 1106). These two 
compounds exhibited absorption spectra similar to each other in the infra-red, and in both, all 
bands associated with unsaturation and thiol groups had disappeared. The geraniolene- 
hydrogen sulphide product (IX) corresponded in boiling point with the synthetic 
2:2:6: 6-tetramethyltetrahydrothlopyran and exhibited similar absorption [notably that 
associated with the ]5>CMejj group which is masked in (VI) by single methyl groups] with the 
addition of some other absorption baxids. These extra bands are almost certainly due to reaction 
products of small amounts Of isomers of geraniolene, for, since the preparation of this involves 
decarboxylation of geranic acid at 270®, a partial isomerisation of the olefin is very probable. 
This view is confirmed by the nitrous acid test for thiols (Rheinboldt, Ber., 1926, 59, 1311; 
1927, 60, 184), which indicates that while all the dihydromyrcene products contain only tertiary 
thiols, those from geraniolene contain at least some primary or secondsCry thiols. Complete 
agreement was obtained between the infra-red spectrum of the cyclic sulphide from the reaction 
of 2 : 6-dimethylocta-2 : 6-diene and hydrogen sulphide and that of synthetic 2:2: 6-trimethyl- 
6-ethyltetrahydrothiopyran (see this vol., p. 1106). 

The abnormal addition of hydrogen sulphide to 2 : 6-dimethylocta-2 : 6-diene has been 
effected by U.V. irradiation of the reactants in the liquid phase, acetone being used as a 
photo-sensitiser. As in other additions, the main product was a liquid of formula CjoHagS, 
which was shown to consist of an approximately 1 : 1 mixture of the monothiols (XI, XII) and 

* It is known from earlier work that the acidity of thiols decreases progressively with increasing 
moleculaf weight (Birch and Norris, J., 1926, 127, 901). 
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2 ; Z^difneihyl^^TSoprcpyltetrahydrothiopyran (XIII). Removal of the thiol by cupric butyl 
phthalate led to the isolation of a small quantity of the thiopyran (XIII), the absorption 

CHMe,-CH(SH)-CH,-CH,-CMe:CHMe 
(XL) 


CMe,:CH-CHj|*CHj-CHMe-CHMe‘SH 
(XII.) 

spectrum of which exhibited a number of differences from those of the earlier products. In 
particular, there was some characteristic absorption which was absent in the normal adduct (VI) , 
and vice versa. Similar differences in the absorption spectrum were exhibited by 3 : 1-difmrcapto- 
2 ; ^-dimethyloctane t CHMe2*CH(SH)*CH2*CH2*CHMe*CHMe'SH (XIV), which was also isolated 
in small yield from the reaction product. 

In addition, an intermolecularly derived sulphide, C20H40S2, formed by union of two 
monomercapto-units, was isolated ; its analytical figures and ‘SH content showed it to be a 
compound of the type (XV), the points of addition of the SH group, on the one hand, and of the 

CHMe2-CH(SH)-CH2-GH2-CHMe-CHMe-S*CHPr/5.CH2-CH2-CMe:CHMe (XV.) 

union through the S atom, on the other, allowing of three possible isomers (see p. 1539). This is 
confirmed by its infra-red absorption spectrum, which includes the characteristic absorptions of 
•SH and CRR':CHR" groups. 

Yields of the various derivatives with the olefins mentioned are indicated in Table I. 


CHa 

HaC/ \cHMe 
(XIII.) 


.HMe 


Table I. 


Addition of hydrogen sulphide to olefins. 


0 

Molecular pro- 
portions 

Reaction 

Pressure, 
atm., of 
H,S at 

, , , . f,/ Undistill- 

\ields of products, %. 


(olefin = 1) : 

conditions : 

working 

Alkali- 


Disul- molecular 

Olefin. 

HjS. 

Catalyst. 

hrs. 

temp. 

temp. 

sol. thiol. Sulphide. 

phide. sulphides. 

woButylene 

1 

0-016 (S) 

14 

160^ 

46 

7 1 

4 

3 0-6 

>> 

1 

— 

18 

130—160 

46 

2 1 

— 

0-6 Negligible 

cyc/oHexene 

1 

— 

14 

140 

45 

2 ^ 

0-6 

0-6 

2-5 

0-015 (S) 

24 

160 

110 

2-5 

Di- ( 
thiol. 

12 

Dr CaHjaS 
fraction. 

1*5 1 

Inter- 

Disul- molecular 
phide. sulphides. 

Dihydromyrcene 

9 9 

2 

0-03 (S) 

20 

130 

45 

Negligible 

13 

2 15 

2 

0-03 (S) 

22 

160 

45 


18 

3 2 

Geraniolene 

2 

0-03 (S) 

24 

160 

50 

,, 

14 

1 1-5 

99 

2 : 6-Dimethylocta- 

2 

0-1 (AI2S2) 

(H- quinol) 

26 

160 

46 

a 

10 

0-1 1 

2 : 6-diene 

2 

0-03 (S) 

22 

140—150 

46 

Negligible 

8 

a 2 

99 

2 

0-1 (AljSa) 

23 

160—165 

60 

0-6 

10 

0-5 0-5 

99 

2 

0-1 (A1,S,) 

(4- quinol) 

24 

160 

60 

2 

8 

2 2 

99 

1*2 

0-16 (COMej) 4 16 

(U. V. irradiation) 

16 

2 

22 

— 5 

^ These figures are too low as some thiol was lost on evaporation of the isobutylene. 

* Not separated. 


It was hoped that addition of hydrogen sulphide to rubber might be effected by shaking a 
rubber solution with the gas while irradiating it with ultra-violet light. However, even after 
4 hours* irradiation of a solution of sol rubber (obtained by diffusion of acetone-extracted 
crepe rubber into light petroleum) only 1’1% of sulphur had entered the molecule. Although 
quartz apparatus was being used, this figure was doubled when acetone was added as a sensitiser, 
and small amounts of gelled material separated, which contained up to 10% of sulphur. The 
best value represents the saturation of 48% of the double bonds of rubber if the sulphur is 
assumed to be present as monosulphide. 

It has been shown by Jones and Reid (loc. cit.) that peroxides catalyse the abnormal addition 
of thiols to olefins. Evidence for the catalytic effect of benzoyl peroxide on the addition of 
hydrogen sulphide to rubber in the present work was inconclusive. However, it was shown that 
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liie addition reaction initiated by ultra'*violet laglit was substantially inhibited by the natural 
antioxidants in rubber. Quam's report (/. Amer, Chem. Soc>, 1925, 47, 103) that rubber dissolves 
in liquid hydrogen sulphide was confirmed with milled acetone-extracted crepe, and when the 
r^ultant solution was irradiated with ultra-violet light as before, it gave rise to a product 
containing 2* 1% of sulphur. The addition of acetone much reduced the solubility of the rubber, 
but it increased the sulphur intake to 3*2%. 

Solid rubber reacted with hydrogen sulphide both in the presence and in the absence of 
sulphur, but the latter reaction was probably catalysed by ferrous sulphide on the walls of the 
steel autoclave. This view was confirmed by the addition of hydrogen sulphide to rubber in 
the presence of ferrous sulphide and ferric oxide. Although the results obtained with 
dihydromyrcene and geraniolene suggest that the main reaction with polyisoprenes is 
intramolecular, there is always some intermolecular addition, and it may well be that this is 
facilitated in the case of rubber by the intermolecular entanglements of the long chains. A 
characteristic of all the products which have been obtained from rubber by hydrogen sulphide 
addition, even when the combined sulphur value is as low as 1%, is their complete insolubility 
in all organic solvents once they have been separated from solution. It therefore seems evident 
that intermolecular sulphide and disulphide links of the type observed with cyclohexene and 
isobutylene are being formed. That there is a tendency for the average molecular weight to 
rise is shown by the fact that the observed molecular weight of a sample of milled rubber rose 
from 137,000 to 153,000 on treatment with hydrogen sulphide involving the incorporation of 
only 1% of sulphur. Rubber samples containing 2 — 3% of sulphur, which had been formed by 
reaction of solid rubber with hydrogen sulphide, exhibited many of the characteristics of a 
sulphur-vulcanised rubber, aqd ^though the porosity of the product precluded tensile strength 
tests, selected portions of the sheet were capable of over 700% elongation with good recovery. 
An attempt to obtain a smooth sheet for such cests by working at atmospheric pressure 
was unsuccessful, owing to the slowness of addition. The results obtained on both the 
abnormal and normal addition of hydrogen sulphide to rubber are summarised in Table II. 


Table II. ^ 

Addition of hydrogen sulphide to rubber, 

S, %, in product. 


concn., Reaction conditions : Catalyst or remaining Insol. 
Type of rubber. Solvent, %. Hrs. Light. sensitiser. in solution, fractn. 

Abnormal addition. 

Sol Benzene 1 4 u.v. — 1*1 — 

Sol ,14 „ 6% COMe, 2-25 — 

Sol „ 1 4 „ 5% COMe, 2*66 101 

Sol ,.14 ,. Bz,0, & 6% 2*1 — 

COMei 

Crepe 1 4 „ 6% COMej 0-8 — 

Milled acetone-extracted . . - 

crepe 9 7-5 ,. 5% COMe, 10 


,, 1 4 daylight — 0*15 — 

„ 1 1 (at 75°) Bz,0, 0*30 — 

Liq. HjS 1 0-4 u.v. — 2*07 — 

,. 1 0-4 „ 6% COMe, 3-2 1-3 


Normal addition. 

' press., 

atm., 

Hrs. Temp, of HgS. 

Milled crepe — — 2 140° 30 

— — 2 140 30 i%S 


^ ^ 2 140—160 30 — — 

„ — — 2 140—160 30 J%S — 

Milled acetone-extracted 

crepe — . — 2 140—160 30 — — 

Milled crepe — — 2 260 40 — — 

„ — — 48 140 1 — — 

— — 48 140 1 J%S — 

Milled acetone-extracted 

crepe cycloRexane 8 20 85 — 103 20 FeS & FejO, 1*1 


* Atter acetone extraction of the product. 


rl-85 

12-2 

2-7 

2*8 

2 * 75 * 

3 * 26 ^ 

8-15<^ 

8*45 

0*5 

0*8 

4*8 
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Experimental. 

(Mjcroanalyses were carried out by Dr. W. T. Chambers, Miss H. Rhodes, and Miss E. Farquhar.) 

Hydrogen sulphide was prepared and purified by Quam's method (loc, cit.), 

I’MethylcyclohexenB and Hydrogen Sulphide, — l-Methylcyc/ohexene (10 g.), liquid hydrogen sulphide 
(7 g.), and acetone (1 g.) wiere sealed in a Pyrex tube, and irradiated with ultra-violet light for 60 minutes 
at 0°. The product was extracted with 10% aqueous sodium hydroxide (60 ml.) and with ether. From 
the alkaline extract was obtained l-methylcytlohexane‘2-thiol (1 g.), which was distilled at 66°/ 14 mm. ; 
it was an evil-smelling, colourless liquid, which froze when cooled to 0° (Found : C, 63*8; H, 10*8; S, 
23*8. C7H14S requires C, 64*6; H, 10*8; S, 24*6%). The neutral portion, which was very small, 
distilled at 106°/0*1 mm., and appeared to consist of a mixture of di-2-methykyc/uhexyl sulphide and 
disulphide (Found ; C, 69*8; H, 10*7; S, 18*5. Calc, for Ci4H2«S : C, 74*3; H, 11*6; S, 14*2. Calc, for 
CiiHjeS, : C, 66*1; H, 10*1; S, 24*8%). 

isoButylene and Hydrogen Sulphide (Sulphur Catalyst). — A mixture of isobutylene (66 g.), solid 
hydrogen sulphide (38 g.), and sulphur (0*6 g.) was introduced into a steel autoclave and heated for 14 
hours at ca. 160°. After evaporation of unchanged hydrocarbon the product (12*2 g.) contained 
ierf.-butanethiol (6*0 g.), di-ferf. -butyl sulphide (2*6 g.), di-/erf. -butyl disulphide (2*8 g.), and a non-volatile 
residue (0*6 g.). The thiol was redistilled to give a liquid, b. p. 63°, w}?’ 1*4212, and identified as its 
mercuric salt, m. p. 169 — 160° (Found : S, 16*8. Calc, for CgHjgSaHg : S, 16*9%). After thorough 
extraction with 10% aqueous alkali, the monosulphide distilled at 61°/16 mm. and had nW 1*4511 
(Found: C, 65*6; H, 12*3; S, 21*9. Calc, for CgHigS : C, 66*7; H, 12*3; S, 21*9%). Fractionation 
of the disulphide gave a liquid, b. p. 79 — 80°/16 mm., m}/* 1*4928 (Found : C, 53*9; H, 10*2; S, 36*9. 
Calc, for Cg&igSg : C, 63*9; H, 10*1; S, 36*9%). 

In absence of sulphur, 14 hours’ heating of a mixture of isobutylene (56 g.) and hydrogen sulphide 
(38 g.) gave a product containing /^r/.-butanethiol (1 g.), di-tert.-hntyl sulphide (0*6 g.), and di-Zer^-butyl 
disulphide (0*7 g.). In a further similar experiment, when air was completely excluded, after 18 hours at 
130 — 160° the product consisted of thiol (1*6 g.), disulphide (0*4 g.), and a negligible quantity of sulphide. 

/^r/.-Butanethiol (2 g.) was heated in a sealed tube in presence of air for 14 hours at 140 — 150°; it 
was mainly unchanged but contained di-/«y/.-butyl sulphide (0*2 g.) and hydrogen sulphide. 

cycloHexene and Hydrogen Sulphide (Sulphur Catalyst). — A mixture of cyc/ohexene (100 g.), hydrogen 
sulphide (100 g.), and sulphur (0*6 g.) was heated for 24 hours at ca. 160°. Fractional distillation of the 
product gave cydohexanethiol (3*5 g.), dicyc/ohexyl sulphide (13*5 g.), dicyc/ohexyl disulphide (2*5 g.), 
and a residue (1*5 g.). The thiol was purified by conversion with 10% aqueous alkali into its sodium salt, 
whose solution was acidified with hydrochloric acid under nitrogen ; the redistilled thiol had b. p. 41°/ 12 
mm.. 1*4988 (Found : C, 62*1; H, 10*2; S. 27*3. Calc. forCeHi^S : C. 62*0; H, 10*3; S, 27*6%). 
To an alcoholic solution of the thiol was added hot aqueous mercuric cyanide. The precipitated oil was 
dissolved in hot alcohol and left to crystallise ; on recrystallisation from methanol the mercaptide was 
obtained as colourless crystals, m. p. 71° (Found : S, 14*9; Hg, 46*4. Ci2H22S2Hg requires S, 14*9; 
Hg, 46*4%). The redistilled sulphide was a colourless liquid, b. p. 74°/0*2 mm., 1*6162 (Found : 
C,72*6; H,ll*l; S, 16*2. Calc, for C^HgoS : C. 72*7; H,ll*l; S, 16*2%), and the disulphide a pale 
yellow liquid b. p. 110—11270*2 mm., wi?®’ 1*6657 (Found: C, 63*0: H. 9*7; S, 27*4. Calc, for 
C12H22S2 : C, 62*7; H, 9*6; S, 27*8%). On standing with methyl iodide the monosulphide yielded a 
yellow oil which slowly solidified to the methiodide of dicyc/ohexyl sulphide ; recrystallisation from ether 
containing a little alcohol gave colourless crystals, m. p. 110 — 111° (Found : I, 37*4. C13H26SI requires 
I, 37*2%). This m. p. is the same as that obtained by Meyer and Hohenemser for the methiodide 
derived from the partly unsaturated sulphide (Helv. Chim. Acta, 1936, 18, 1061). 

Dihydromyrcene. — Myrcene, prepared from bay oil (Pimcnta acris) by the method of Power and 
Kleber (Pharm. Rundschau, 1895, 18 , 60), was reduced with sodium and alcohol as described by Semmler 
and Mayer (Ber., 1911, 44, 2010). The hydrocarbon, after being twice fractionally distilled over sodium, 
had b. p. 60°/16 mm., «}7* 1*4642 (Found : C, 87*2; H, 12*9. Calc, for CjoHja : C, 87*0; H, 13*0%). 

Dihydromyrcene and Hydrogen Sulphide (Sulphur Catalyst). — A mixture of dihydromyrcene (69 g.), 
hydrogen sulphide (38 g.), and sulphur (0*5 g.) was heated in the autoclave for 20 hours at ca. 130°. On 
fractionation of the product the b. p. rose steadily from 60 to 90°/9 mm. and then from 68° to 80°/l mm. ; 
apart from unchanged dihydromyrcene, the distillate contained a mixture of isomeric monothiols, cyclic 
monosulphide (ca. 11 g.), and cyclic disulphide (2 g.), and a polymeric residue (1 g.) remained. The 
distillate fractions were extracted with 10% aqueous alkali in absence of air, and the extract after 
acidification was extracted with ether. Only a drop of liquid was thus obtained, but its odour was 
definitely mercaptan-like. Fractional distillation of the sulphide fractions gave a mixture of the 
CioHjoS isomers, (IV), (V). and (VI), b. p. 83°/9 mm., nJJ’ 1*4868 (Found : C, 69*9; H, 11*4; S, 18*6. 
C^c. for C^o^aoS : C. 69*8 ; H, 11'6 ; S, 18*6%). With methyl iodide this product gave an oil, which on 
long standing yielded yellow crystals of the methiodide, m. p. 126 — 127° (decomp.) in insufficient quantity 
for complete purification (Found : I, 39*1. CjiHjsI requires I, 40*3%). No pure disulphide was 
isolable but it was present to large extent in the higher fractions, such as one, b. p. 70°/ 1 mm., wJf ®* 
1*6202 (Found : C, 60*7; H, 10*0; S, 28*6. CioHjoS, requires C, 58*8; H, 9*8; S, 31*3%). 

A similar reaction between dihydromyrcene and hydrogen sulphide in the presence of sulphur, 
conducted at 160° for 22 hours, gave a product containing the CiqHjoS isomers (15 g.), disulphide (3 g.), 
and polymeric compounds (1*6 g.). 

The combined hydroc^bon fractions from the above experiments were again extracted with alkali, 
washed with water, dried (KjCOg), and distilled through a Fenske column. The recovered 
dihydrom3rrcene had b. p. 60°/16 mm., 1*4611, and was shown by analytical and absorption-spectra 
measurements not appreciably to have cyclised or isomerised (Found : C, 87*2; H, 12*9; I.V., 362. 
Calc, for CipHjg : C, 87*0; H, 13 0%; I.V., 368), 

Geranioiene. — Citral was oxidised with silver oxide (Bemhauer and Forster, J. pr. Chem., 1936, 147, 
199), and the resulting geranic acid was decarboxylated at 260 — 270° (Tiemann and Semmler, Ber., 
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i803» 2724) to give geraniolcne, b. p. mm** wW* 1*4408 (Found : C, 87*0; H* 12*9; LV,, 888, 

Calc, tor C«Hi 9 ; C, 871 ; H, 12-9% ; LV. 409); thxt low I.V. indicated the presence of some cyclised 
isomer. 

Geranioie^n^ and Hydrogen Sulphide {Sulphur Catatysi )* — mixture of geraniolene (70^), hydrogen 
su](phide (45 g.), and sulphur (0*5 g.) was heated in the autoclave for 24 hours at 150®. Distillation of 
the product gave a mixture of isomeric monothiols and cyclic monosulphide (12-5 g.), disulphide (1 g.), 
and a polymeric residue (1*5 g.). From the monosulphi<ie fraction was obtained a pure mixture of the 
C»Hi«S isomers (VII), (VIII), and (IX). b. p. 87716 nun., n^* 1*4812 (Found: C, 68*2; H, 11-4; S, 
20*2. Calc, for C^HigS : C, 68*4; H, 11*4; S, 20*2%). Reaction of thfe product with methyl iodide 
at 16® gave an oil which would not solidify. The fraction containing the highest percentage of dtmlphide 
had b, p. 75®/l mm., wjf* 1*5100 (Found : C, 50*0; H, 10*1 ; S, 29*3, requires C, 56*9; H, 9*6; 

S, 33*7%). 

Geraniolene and Hydrogen Sulphide (Aluminium Sulphide Catalyst). — A mixture of geraniolene (42 g.), 
recovered from the foregoing experiment), hydrogen sulphide (38 g.). aluminium sulphide (6 g.J, 
and quinol (2 g.) was heated in the autoclave in the absence of air for 26 hours at ca, 160®. The product 
in ethereal solution was thoroughly extracted with 10% aqueous sodium hydroxide, washed with water, 
and dried (Na2S04). On exposure to air the alkaline extract immediately started oxidising, with the 
formation of a viscous red oil (evidently a polymeric disulphide). Fractional distillation of lie ethereal 
extract gave the C^HigS isomeric mixture (6*2 g.), with b. p. ranging from 69 — 7171I mm., nj)®" 1*4729 
(Found : C, 68*6; H, 11*2; S, 19*9; -SH. 8*7%), to 80—81®/!! mm., wj?’ 1*4778 (Found : C, 67*9; H, 
11*4; S, 20*3; -SH, 12*3. Calc, for C^HijS : C, 68*4; H, 11*4; S, 20*2; 'SH, 0%. Calc, for C^Hj^-SH : 
•SH, 20*9%). No disulphide was isolable, although one fraction (1*0 g.) contained a small proportion 
thereof (Found : S, 22*1. Calc, for C^HigS : S, 20*2. Calc, for C^HigS, : S, 33*6%). An intermolecular 
sulphide fraction (0*5 g.), b. p. 117 — 122®/0*6 mm., 1*4988. was isolated, and it appeared to be mainly 

the compound CgHi,S*CgHi8*SH (see p. 1639) containing some CgHi^'S'CgHi, (Found : C, 70*0; H, 11*1 ; 
S, 18*7. Calc, for CjgHsgSa: C, 68*4; H, 11*4; S, 20*2%. Calc. forCi8H34S : C, 76*6; H, 12*0; S, 


11-3%). 

Separation of the CgHijS isomers. An approximately 0*2N-solution of cupric butyl phthaiate (Turk 
and Reid, loc. cit.) was prepared by dissolving the reagent (5*1 g.) in 100 ml. of w-propyl alcohol containing 
acetic acid (6 ml.) . This reagent was introduced into a solution of the CgHjgS mixture (3*3 g.) in n-propyl 
alcohol (50 ml.) until the green colour just persisted. After dilution with water to 800 ml. the product 
was extracted with chloroform, washed with water, dried, and fractionally distilled. After 


refractionation, 2:2:6: 6-tetramethyltetrahydrothiopyran (IX) (1 g.) was obtained as a colourless 
liquid, b. p. 64— 66®/ll mm., 1*4782 (Found : C, 68*4; H, 11*3; S, 19*9. Calc, for CgHigS : C, 
68*4; H, 11*4; S, 20*2%). 

Reaction of (IX) with methyl iodide at 0° gave only an oil, but when the sulphide was heated with 
excess of methyl iodide at 100® for 12 hours, yellow crystals separated, which after being washed with 
methanol and recrystaUised from ethanol decomposed at ca. 200® and proved to be trimethylsulphonium 
iodide (Found : S, 15*7; I, 61*9. Calc, for CaHgSl : S, 16*7; I, 62*2%). 

2 : 6-Dimeihylocta'-2 i Q’diene. — Geraniol was purified by conversion into its calcium chloride 
compound, and then reduced by sodium in liquid ammonia (Chablay ; Dupont, Dulou, and Desreux,^ 
locc. cit.). After fractional distillation over sodium, the pure hydrocarbon had b. p. 56®/14 mm., wJJ’ 
1*4617 (Found : C, 87*0; H, 13*2; I.V., 370. Calc, for CioHjg : C, 87*0; H, 13*0%; I.V., 368). 

2 : 6-Diniethylocta-2 : d-diene and Hydrogen Sulphide (Normal Addition). — A mixture of the olefin 
(69 g.), hydrogen sulphide (38 g,), and sulphur (0*5 g.) was heated in absence of oxygen under pressure for 
22 hours at 140 — 150°. After extraction with aqueous alkali, fractional distillation of the product gave 
a mixture of CigHjoS isomers (6 g.) and a higher-boiling fraction which in this instance was not separated. 
Refractionation of the former yielded the CigHgoS isomers, b. p. 92 — 94°/18 mm., 1*4842 (Found : 
C, 69*8; H, 11*6; S, 18*3. Calc, for CigHggS : C, 69*8; H, 11*6; S, 18*6%); this fraction contained 
about 11% of the raonothiol (Found : ‘SH, 2*1, Calc, for CjgHigSH : •SH, 19*2%). The unreacted 
olefin was recovered and shown to be uncycKsed 2 : 6-dimethylocta-2 : 6-diene, b, p. 54®/13 mm., 
1*4601 (Found : C, 87*0; H, 13*2; I.V., 370. Calc. forCjoHig : C, 87*0; H, 13*0%; I.V., 368). 

In a further similar experiment 2 : 6-dimethylocta-2 : 6-diene (92 g.) was treated with hydrogen 
sulphide (68 g.) in the presence of aluminium sulphide (10 g.) for 23 hours at 160 — 166®. After extraction 
with 10% aqueous sodium hydroxide solution, the product was distilled as before to give the CjoHjoS 
fraction (11 g., b. p. ca. 76 — 89®/9 mm,), disulphide (0*6 g., not isolable), and a residue of intermolecular 
sulphides (0*5 g.). On refractionation of the CigHjgS fraction, a product was obtained, b. p. 87 — 88°, 
wj? 1*4798 (Found : C, 69*6; H. 11*6; S, 18*6. Calc, for CioHggS : C, 69*8; H, 11*6; S, 18*6%), which 
contained ca. 27% of the monothiol 2(6r 6)-mercapto-2 : 6-dimethyloct-6(or 2)-ene (Found : ’SH, 6*1. 
Calc, for CioHig*Sfk : -SH,' 19*2%). Treatment of thw product with copper butyl phthaiate, in a manner 
analogous to that used for separation of the CgH^gS isomers, led to the isolation of 2 : 2 : 6-trimethyl-6- 
ethyl-tetrahydrothiopyran, b. p. 84°/10 mm., 1*4792 (Found : C, 69*4; H, 11*6, S, 18*3. Calc, for 
CioHggS : C, 69-8; H, 11*6; S, 18*6%). Reaction with methyl iodide at 0-*-16® gave an oil which 
crystallised only extremely slowly, and reaction at 100® gave trimethylsulphonium iodide (Found : S, 
16*7; I, 61*9. Calc, for CgHgSI : S, 16*7; I, 62*2%). By acidification of the alkali extract and 
subsequent extraction with ether was obtained 2 : ^-dimercapto-2 : ^-dimethyloctane (0*6 g.), b. p. 110®/9 
mm., «}?• 1*4971 (Found : C, 68*2; H, 10*6; S, 31*0; -SH, 32*0. C„H,gSg requires C, 68*3; H. 10*7; S, 
31*0; •SH,32*0%), 

In a third experiment a mixture of 2 : 6-dimethylocta-2 : 6-diene (77 g.), hydrogen sulphide (48 g.), 
aluminium sulphide (8 g.), and quinol (2 g.) was heated for 24 hours at ca. 150®. From the CjoHmS 
fraction (7*6 g.) was obtained a mixture of isomers, b. p. 86— 8®/10 mm., 1*4782 (Found : C, 69*7 ; H, 

11*6; S, 18*7. Calc, for CjoH^oS : C, 69*8; H, 11*6; S, 18*6%), which contained 42% of the monothiol 
(Found : •SH, 8*0. Calc, for : *SH, 19*2%). Removal of the latter by the copper butyl 

phthaiate method left somewhat impure 2:2: 6-trimethyl-6-ethyltetrahydrothiopyran, b. p. 80— 83®/ll 
mm.. 1*4806 (Found : C, 70*7; 11*6; S. 17*6. Calc, for : C, 69*8; H, 11*6; S, 18*6%), 
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2: ^lHimtkylaUa<>% \ ^dUne and Hydrogen Sulphide {Abnormal Addition ), — ^Two Pyrex tubes, each 
containing the olefiin (18*3 g.)« hydrogen sulphide (d«l g.), and acetone (1*2 g.)i were sealed under vacuum 
and irradiated with U.V. light at for 4 hours. After extraction with 10% aqueous alkali, the product 
was tectionally distilled to give a C||,H«oS isomeric mixture (9 g.) and intermolecular sulphides (2 g.). 
From the former was obtained a fraction, b. p. 92 — 92-67U mm., w}?*®* 1*4767 (Found; C, 69*8; H, 
11*6; S, 18*6. Calc, for CioHfoS requires C, 69*8; H, 11-6; S, 18*6%), which contained 66% of the 
monothiol, 3(or 7)-mercapto-2 : 6-dimethyloct-6(or 3)-ene (Found : 'SIl. 10*8. CjoHi^'SH requires ‘SH, 
19*2%). Removal of the thiol by the copper butyl phthalate method left 2 : Z-dimethyU^-veopropyl- 
tetrahydrothiopyran, b. p. 4671 mm., n}f* 1*4831 (Found : C, 69*7; H, 11*6; S, 18*2. CjoHjoS requires 
C, 69*8; H, Il*6; S, 18*6%). Acidification of the alkaline extract liberated Z : l-dimercapto-2 \ 
difMthyloctane, b. p, 132®/11 mm., 1*5026 (Found : C, 58*3; H, 11*0; S, 30*8. CxoH,,S, requires C, 
68*3 ; H, 10*7 ; S, 31*0%). Fractionation of the intermolecular sulphide fraction led to the separation of 
6(or 2)^mercapto^l : 2 : Mrimetkylheptyl ^methyUlAsopropylhex-^enyl sulphide or the 1 : &-dimefhyl-l- 
ethylhex‘^enyl sulphide (as XV). b. p. 14770*1 mm., w}? ** 1*4990 (Found : C, 69*4; H, 11*6; S, 18*8; 
•SH, 10*0, C,oH4oS, requires C, 69*8; H, 11*6; S, 18*6; -SH. 9*6%). 

Nitrous Acid Test for Thiols. — Dilute sulphuric acid was slowly added to an alcoholic solution of the 
thiol containing solid sodium nitrite, through which nitrogen was bubbling (Rheinboldt, loc. cit.) . All the 
products of normal addition of hydrogen sulphide to dihydromyrcene and 2 : 6>dimethylocta-2 : 6-diene 
gave green oils which appeared red in bulk when viewed by transmitted light ; this was indicative of the 
tertiary grouping CRR'R''*SH. The U.V.-light-catalysed reaction product gave a bright red oil 
indicating the secondary grouping CHRR'*SH (the formation of a primary thiol not being feasible in 
this reaction), and the geraniolene products a reddish oil, which pointed to the presence of at least some 
secondary thiol. 

Rubber and Hydrogen Sulphide (Abnormal Addition). — 1% benzene solution of sol rubber was 
shaken with hydrogen sulphide in absence of air, and irradiated in a quartz flask with ultra-violet light 
for 4 hours. The product after separation by precipitation with alcohol and drying in a high vacuum 
contained 1*1% of sulphur. The experiment was repeated using as solvent benzene containing 6% of 
acetone as photosensitiser. From two runs the products contained 2*26 and 2*66% of sulphur severally ; 
a very small quantity of rubber came out of solution as a gel, and in the latter case this contained 10*1% 
of sulphur. When crepe containing its natural antioxidants was used, the sulphur value obtained was 
0*8%. Seven hours* irradiation of a 9% solution of milled acetone-extracted crepe in benzene containing 
6% of acetone gave smsdl quantities of gels containing 4*6 — 2*2% of sulphur, and a main product with 
1% 163,000). The same conditions, 1% solutions being used without irradiation, led to 

incorporation of only 0*16% of sulphur. A further solution was saturated with hydrogen sulphide at 0® 
and then heated with benzoyl peroxide for 1 hour at 76° ; this increased the sulphur intake to 0*30%. 

Milled acetone-extracted crepe (0*6 g.) and liquid hydrogen sulphide (30 ml.) were sealed in a I^ex 
tube. After 3 days with occasional genfie shaking the rubber pased into solution, and was then irradiated 
for 26 minutes at 16° ; the product contained 2*07% of sulphur. On repetition of the experiment with 
milled crepe (0*7 g.), hydrogen sulphide (24 ml.), and acetone (1*2 ml.), the rubber did not go wholly into 
solution. The analyses of the two portions after 25 minutes irradiation were : Found, for insoluble 
fraction, C, 86*6; H, 11*6; S, 1*3; ash, 0*17; 0 (diff.), 1*3%. Found, for soluble fraction, C, 86*0; H, 
11*66; S, 3*2; ash, 0*09; 0 (diff.), 0*06%. It is evident that liquid hydrogen sulphide preferentially 
dissolved the pure hydrocarbon, as the starting material contained 1*0% of oxygen. 

Rubber and Hydrogen Sulphide (Normal Addition). — Similar 1-mm. sheets (10 g.) of crepe rubber, 
milled £done and with i% of sulphur, were heated with hydrogen sulphide (24 g.) in the autoclave 
in absence of air for 2 hours at 140°. The products, although full of small hydrogen sulphide 
bubbles, were elastic like sulphur-vulcanised rubber (Found, for uncatalysed product ; S, 1*9 : 2*2. 
For catalysed product : S, 2*7, 2*8%). After a similar reaction at 140 — 160° the products were 
acetone-extracted to remove free sulphur (Found, for uncatalysed product : S, 2-76. For catalysed 
product : S, 3*26%) ; at this temperature acetone-extracted crepe rubber reacted to give a product 
(Found : S, 3*16%) after further acetone-extraction. Reaction of milled crepe (10 g.) with hydrogen 
sulphide (24 g.) for 2 hours at 260° yielded a product in which some chain fission had obviously taken 
place (Found : S, 8*6%). Sheets of milled crepe with and without i% of sulphur were heated at 140° 
for 48 hours in hydrogen sulphide at atmospheric pressure (Found, for uncatalysed product : S, 0*5 ; 
for catal 3 rsed product, S, 0*8%) ; a control sample heated in nitrogen was unchanged. 

An 8% solution (260 ml.) of milled acetone-extracted crepe rubber in cyc/ohexane, liquid hydrogen 
sulphide (60 g.), ferrous sulphide (4 g.), and ferric oxide (2 g.) were sealed in the autoclave in absence of 
air and heated for 20 hours at 86 — 103°. Some rubber (3 — 4 g.) came out of solution as a gel (Found : 
S, 4*8%). The main solution was centrifuged to remove catalyst, and the rubber precipitated by alcohol 
(Found : S, 1*1%). 

This paper forms part of a programme of fundamental research undertaken by the Board of the 
British Rubber Producers' Research Association, The author wishes to express his thanks to Dr. E. H. 
Farmer for his advice and criticism, to Dr. G. B. B. M. Sutherland and Mr. N. Sheppard for examination 
of the infra-red absorption sijectra and for valuable discussions on their inference, and to Dr. G. Gee for 
the molecular-weight determinations. 

British Rubber Producers* Research Association, 

48, Tewin Road, Welwyn Garden City. Herts. [Received, January I5tk, 1947.] 



1640 S^ppard and Snih&rland : The AppUeedion of Infra-^ed Analysis 

300 , The Applicaiion of Infra-red Ancdyeie to the Study of the Reaction of 
Certain Olefins with Hydrogen Sulphide. 

By N. Sheppard and G. B. B. M. Sutherland. 

The method of infra-red analysis has been used to investigate the reaction of geraniolene and 
dihydromyrcene with hydrogen sulphide in the presence of catalysts that usually promote 
** normal ** addition to the double bond according to the Markovnikov rule. It has been 
possible to show conclusively that under these conditions both the hydrocarbons give mono- 
addition products which consist partly of cyclic sulphides, geraniolene giving rise to 2 : 2 : 6 : 6- 
te^amethyltetrahydrothiopyran, and dihydromyrcene to 2 : 2 : 6-trimethyl-6-ethyltetrahydro- 
thiopyran. Such products could only have been formed by ‘'normal'* addition reactions. 

The products of the reaction of hydrogen sulphide with dihydromyrcene under conditions 
favouring “ abnormal " addition gave very different spectra. 

In order to apply the infra-red method it was necessary first to establish rules for the 
spectroscopic identification of certain hydrocarbon groups. These rules are briefly discussed. 

In the preceding paper Naylor has described an investigation of the reaction of hydrogen sulphide 
with the hydrocarbons geraniolene and dihydromyrcene. Many of the conclusions relating to 
the structures of the reaction products came from an investigation of their infra-red spectra. 
The purpose of this paper is to present in detail the evidence for these conclusions. 

Infra-red analysis can be used in two ways to establish the structure of a reaction product. 
In the first place, any chemical bond or group that has characteristic infra-red absorption 
bands can be detected, and while in most cases this does not establish the structure it may enable 
one to eliminate some of th^ possible formulations and give strong presumptive evidence for a 
particular one. The second and more conclusive method is to compare the spectrum of the 
reaction product with that of a specially synthesised specimen of the compound postulated as 
the reaction product. Both methods have been used in the present investigation, the first two 
sections of which are concerned with the material required for the first method, while the third 
contains the combined application of both methods to the problem in hand. 

Chemical Groupings and their Characteristic Absorption Bands, — The various characteristic 
group frequencies that we shall use in the examination of the reaction products are given in 
Table I, where R represents an alkyl group. Most of these correlations are well established 


Chemical grouping. 
SH 

CHg and CH, 
CH3 

c<ch: 

RR'CXH* 

RR'CICH, 

RR'C:CHR" 

RR'C:CHR" 


Table I. 
Type of vibration. 
SH valence 
CH deformation 
CH deformation 

CH deformation 

C=C valence 
CH deformation 
C=C valence 
CH deformation 


Frequency in cm.“^. 
2600—2660 
U30— 1470 
1370—1375 

ca, 1360 and 1380 ♦ 

1645—1655 * 
885— 895 
1670—1680 ♦ 
800— 840 


(see, e,g., Herzberg, “ Infra-red and Raman Spectra of Polyatomic Molecules,” Van Nostrand 
Co. Inc.. 1946; Barnes, Gore, Liiddel, and Williams, “Infra-red Spectroscopy,” Reinhold, 
1944 ; Thompson and Torkington, Tnms, Faraday Soc., 1946, 41, 246), but those marked with an 
asterisk, which are more precise characterisations of older correlations, have recently been 
established in this laboratory and full details will be published elsewhere. 

Both the C— C valence and the C — H deformation absorptions of the disubstituted ethyl- 
enes have considerably higher extinction coefficients than the corresponding absorptions of the 
trisubstituted compounds. This is important if such absorptions are used to estimate the relative 
amounts of the two types of grouping in a mixture of both. 

The Spectra of the Olefins. — ^The two hydrocarbons originally used for the reaction with 
hydrogen sulphide were geraniolene and dihydromyrcene. Their spectra are shown in Fig. 1, 
and in this and the subsequent figures absorption bands mentioned in the text are accented by a 
line down the middle in the appropriate spectra, 

Geraniolene is considered to be mainly 2 : 6-dimethylhepta-l : 6-diene, 

CHe-CMeXHCHg-CHa'CMeXHj, 

although its method of preparation (Bemhauer high-temperature decarboxylation ; see Naylor, 
loc, cit.) does not exclude the possibility of considerable amounts of other isomers. Its infra- 
red spectrum has absorption bands at 1064 and 891 cm.~', and at 1680 and 821 cm.-^ which 
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can be ascribed to C^C valence and C — H deformation vibrations respectively of 
and RR'CICHR'' groups, in agreement with the above formula (see Table I). 

Dihydromyrcene is generally assumed to consist largely of 2 : 6-dimethylocta- 
CHsCMeXH-CHj-CHjCMelCHCHa. but its 
method of preparation (Naylor, loc. ciL) suggests 
that the isomers 2 : 6-dimethylocta- 1 : 6-diene, 
CHaXMe-CHa-CHjCHa^CMeXH-CHg, and 6- 
methyl-2-ethylhepta-l : 6-diene, 

CHgCMeXH-CHa-CHj-CEttCHa, 
may also be present. Comparison of the 
spectrum of this material with that of pure 
2 : 6-dimethylocta-2 : 6-diene, prepared by an 
independent method, shows that in addition to 
the usual bands attributable to the RR'CXHR" 
groups (at 1678 and 820 cm.~^) there are also 
bands (at 1660 and 889 cm.-^) attributable to the 
RR'CXHj groups of these alternative isomers. 

For this reason the dihydromyrcene used in the 
earlier experiments with hydrogen sulphide and 
sulphur catalyst was subsequently replaced by 
the pure 2 : 6-dimethylocta-2 : 6-diene. 

Infra-red Analysis of the Reaction Products . — 

(1) General. The chemical aspects of the re- 
actions of geraniolene and dihydrom 3 n:cene with 
hydrogen sulphide have been fully discussed by 
Naylor {loc. cit.). The spectroscopic problem 
was to investigate certain portions of the 
products obtained with catalysts that promote 
“ normal ** addition according to the Markovni- 
kov rule. In particular we required to establish 
the presence or absence of 2:2:6: 6-tetra- 
methyltetrahydrothiopyran (I) and 2:2: 6- 
trimethyl-6-ethyltetrahydrothiopyran (II) as 
reaction products of the respective hydro- 
carbons. 

CHa 


RR'CtCH, 
2 : 6-diene, 


(I.) 


Me. 

Me^ 




\ / \Me 
S 



(II.) 


We also investigated some products from 
similar reactions in which the conditions were 
such that products of " abnormal addition 
were to be expected. 

The spectra of the reaction products of 
geraniolene and hydrogen sulphide obtained 
under conditions of normal addition are given 
in Fig. 2, the steps in the gradual purification 
and identification being indicated by the follow- 



ing key : (A) Spectrum of the reaction product, sulphur being used as catalyst. (B) Spectrum 
of the reaction product, aluminium sulphide being used as catalyst (to avoid the pos- 
sibility of the catalyst reacting with the hydrocarbon). (C) Spectrum of B after removal 
6g2 
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of by enink bntyl pbthalate. (S) Spectrom of synthetic 2:2:6: 6>tetiwn^yltBtra- 
bydiothk>pytaa. 



The corresponding spectra for the dihydromyicene reaction are given in Fig. but it should 
be noted that only (A) refers to the reaction with dihydromyrcene ; the retnaining spectra are 
all of products obtain^ by using the synthetic specimen of the single isomer 2 : 6-diniethyl- 
octa- 2 : 6«diene of which the spectrum is given in Fig. I. It should also be noted that (B^ 
of Fig. 3 is the spectrum of a reaction product obtain^ under the same conditions as (B) but 
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with some quinol present to remove any peroxides. As in the case of the geraniolene products, 
(C) and (S) denote respectively the thiol-free product and the independently synthesised cyclic 
sulphide. 



In Fig. 4 are represented the spectra of the products obtained when 2 : 6-dimethylocta- 
2 : 6-diene and hydrogen sulphide are irradiated with ultra-violet light — conditions that should 
promote abnormal addition : (X) is tlie original unpurified product, and (Y) the thiol-free 
material. 
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(2) The products of the geranioUm-hydrogen sulphide reaction under ** normal ** condiHons 
(see Fig. 2), The expected product — 2 : 2 : 6 : 6-tctramethyltetrahydrothiopyran — ^has four 
methyl groups that occur in pairs, and this should give rise to the splitting of the 1370 cm."^ 
band. Such a splitting (1381 and 1362 cm.-^) is found in the spectrum of the synthetic material 
(S), and confirms its authenticity. Other bands in the spectrum of (S) which can be used for 
the identification of this sulphide in the reaction product occur at 1229, 1149, 1111, 1079, 971, 
and 942 cm,-^. 

Product A (sulphur as catalyst) has a poorly defined spectrum which shows little splitting 
of the 1370 cm.~^ band, and in addition has absorptions at 1648 and 889 cm.-^ characteristic of 
RR'CICHj groupings, 1670 and 816 cm.-' characteristic of RR'CICHR" groupings, and 2670 cm.-' 
caused by SH groups. In other words, it is obvious that further purification was necessary, 
and that at least some of the impurities were residual amounts of monothiol. 

The aluminium sulphide-catalysed product (B) has a cleaner spectrum — due probably to the 
absence of any sulphur-geraniolene products — ^but still retains the other groupings correspond- 
ing to the monothiols. However, after removal of these by cupric butyl phthalate (product C) 
a fairly clean spectrum is obtained with, as required, a pronounced splitting of the 1370 cm.-' 
band (1381 and 1363 cm.-'). In addition, the strong bands which occur at 1231, 1150, 1111, 
1082, and 946 cm.-' show that there is a considerable amount of the expected sulphide present. 
Several well-pronounced bands remain, however, which are not due to the expected product, 
and one of these obscures the 971 cm.-' position. The three strongest bands which cannot be 
attributed to this sulphide have their centres at 1144, 1122, and 965 cm.-', all of which are very 
close to strong absorptions of the synthesised cyclic sulphide. 

(3) The products of the dihydromyrcene-^hydrpgen sulphide reaction under “ normal ** conditions 
(see Fig. 3). The spectrum of the specially s)rnthesised 2:2; 6-trimethyl-6-ethyltetrahydro- 
thiopyran (S) has absorptions at 1220, 1142, 1116, 1087, 1002, 970 cm.-' which can be used for 
identification purposes. In this case the splitting of the J 370 cm.-' band is only just detectable, 
as is to be expected, since there are equal numbers of “ paired and “ lone " methyl groups 
present. It is interesting to note a strong general resemblance between this spectrum and that 
of 2:2:6; 6-tetramethyltetrahydrothiopyran, and this correspondence confirms the closely 
related structures of these two substances. 

Product A (sulphur as catalyst) gives the spectrum shown at the top of Fig. 3. A small 
proportion of SH groups is indicated by the usual band at 2570 cm.-', and also some unsaturation 
of the disubstituted type RR'CICH, by the bands at 1650 and 889 cm.-'. The fact that some 
of the residual unsaturation is of the disubstituted t>’pe in this case is surprising in view of the 
fact that the initial hydrocarbon should have few such groupings. However, product B (with 
pure 2*: 6-dimethylocta-2 : 6-diene and aluminium sulphide as catalyst) does not show any 
considerable absorptions in these positions, and the probability that this disubstituted unsatur- 
ation is due to some sulphur-dihydromycene reaction products is substantiated by the presence 
of bands at 1650 and 890 cm.-' in the spectra of such products (unpublished work). Very weak 
bands at 2570 cm.-' and ca. 1660 — 1670 cm.-' suggest that there is some residue including 
thiol. Product B' (obtained as B but with quinol present) has a considerable number of SH 
and unsaturated groupings — the latter being predominantly of the trisubstituted type (1680 
and 820 cm.-'). Otherwise its spectrum is very similar.to that of B, indicating that the removal 
of any peroxides that might have been present during the reaction had little effect on the product. 
This is additional evidence that it is not formed by “ abnormal " addition. 

Finally, the removal of thiol from (B) by cupric butyl phthalate (product C) caused the 
disappearance of SH and linsaturation absorptions. The resultant material gives a reasonably 
clean spectrum. Comparison of this spectrum (C) with that of the synthesised material (S) 
which was taken with the same path-length of liquid, shows that all the characteristic bands 
of 2 : 2 : 6-trimethyl- 6-ethyltetrahydrothiopyran are present in strength comparable with those 
of the pure material. One or two weak additional bands are present in'(C) which presumably 
correspond to a small amount of impurity, but the product is very nearly all pure sulphide of 
the expected type. 

(4) The products of the dihydromyreene-hydrogen sulphide reaction under ** abnormal ” 
conditions (see Fig. 4). The product (X) was formed by the ultra-violet-catalysed reaction 
between pure 2 : 6-dimethylocta-2 : 6-diene and hydrogen sulphide and would be expected 
to be “ abnormal ** in type. It has a very different spectrum from those products discussed 
in the preceding section although it does have bands at 2680 cm.-' (SH groups) and at 1670 
and 825 cm.-' characteristic of trisubstituted double bands. This means that there is a con- 
siderable proportion of monothiol present. Removal of this by the usual method gave product 
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(Y), which has a spectrum similar to (X) except that the above three bands have disappeared. 
There remains a weak band near 1700 cm.-^ which is probably due to some impurity introduced 
during the removal of thiol, as such a frequency is characteristic of CmO rather than CmC 
groups. The spectrum of this sample is completely different from that of the final ** normal 
product of Section (3). 

Discussion. 

We have shown that the spectra of the reaction products under conditions favouring 
normal addition are extremely similar to those of 2:2:6: 6-tetramethyl- and 2:2:6- 
trimethyl-6-ethyl-tetrahydrothiopyran, but there are certain discrepancies which must be con- 
sidered before this strong resemblnce can be accepted as conclusive proof of the identities of 
the reaction products. When spectra differ in this way it may be either because impurities 
are present, or because the compounds of which the spectra are being compared are really different, 
but of closely related structure. These two cases, which we shall call (1) and (2), can usually 
be distinguished. In the former, the main bands of the pure compound should be stronger 
than the corresponding bands in the unknown for the same cell thickness, unless, of course, a 
band due to the impurity overlaps one of these key ” bands. From Figs. 2 and 3 it will be 
seen that this is indeed the case for our comparisons. Again, in case (1) all bands, except the 
very weakest, detectable in the spectrum of the pure compound should be present in the unknown, 
whereas in case (2) the number of weak bands may be greater for the pure compound than the 
unknown. It will be seen that on this criterion also our identification is justified, for although 
there is one weak band in 2 : 2 : 6 : 6-tetramethyltetrahydrothiopyran (near 1180 cm.“^) which 
does not appear in the (C) spectrum (Fig. 2), this sole exception may well be due to a trace of 
impurity in th^ synthetic compound. 

In the case of the comparison of the geraniolene product with the synthetic 2:2:6: 6-tetra- 
methyltetrahydrothiopyran, it is obvious that the amount of impurity is considerable and 
it is thought that this arises from the presence of other isomers than 2 : 6-dimethylhepta-l : 5- 
diene in the original hydrocarbon. The dihydromyrcene product has relatively little impurity, 
in agreement with the fact that pure 2 : 6-dimethylocta-2 : G-diene was used for the reaction. 

We wish to draw attention in this connection to the power of the infra-red method in detect- 
ing by-products in a reaction. The difficulty of sufficiently purifying the product to enable us to 
use infra-red analysis is a sufficient indication of this, and of the precision of the identification 
once that purification has been achieved. 

Experimental. 

The infra-red spectra were taken with the Hilger Double-Beam Spectrometer described by Sutherland 
and Thompson (Trans. Faraday Soc., 1946, 41, 174). They were recorded under double-beam conditions 
so that the absorption of radiation by water vapour in the atmosphere did not interfere with the spectra. 

Table II. 

Analytical data for the samples investigated spectroscopically. 




Refractive 

Found, ^ 


Calculated, 

Of 

/o* 

Compound. 

B.p. 

index. 

C. 

H. 

S. 

C. 

H. 

s. 

Geraniolene 

Se'/lO mm. 

«!,«' 1-4408 

87-0 

12-9 

— 

87-1 

12-9 

— 

Dihydromyrcene 

60 /16 mm. 

«}?■ 1-4542 

87-2 

12-9 

— 

87-0 

13-0 

— 

2 : 6-Dimethylocta-2 : 6- 

diene 

56 /14 mm. 

nS 1*4517 

87-0 

13-2 

— 

87-0 

13-0 


Geraniolene products A ... 

86—87 /16 mm. 

Mi?’ 1-4812 

68-2 

11-4 

20-2 

68-4 

11-4 

20-2 

B ... 

69—71 /II mm. 

ni?’ 1-4729 

68-6 

11-2 

19-9 




„ M C ... 

66 /II mm. 

Mi?’ 1-4732 

68-2 

11-3 

19-9 




„ » s ... 

66 /12 mm. 

m’d*' 1-4763 

68-3 

11-6 

20-1 




Normal dihydromyrcene 

products A 

83 /9 mm. 

wg 1-4868 

69-9 

11-4 

18-6 

69-8 

11-6 

18-6 

B 

87 — 88 /9 mm. 

ni?’ 1-4798 

69-6 

11-6 

18-6 

,, 


9$ 

B' 

86—88 /lO mm. 

Mg’’ 1-4782 

69-7 

11-5 

18-7 




♦* G 

84 /lO mm. 

Mg’’ 1-4792 

69-4 

11-5 

18-3 

,, 

,, 

9$ 

S 

87 /13 mm. 

Mg’’ 1-4849 

69*6 

11-7 

18-6 


$$ 

$» 

Abnormal " dihydromyr- 

cene products X 

92 /II mm. 

nif*® 1-4767 

69-8 

11-6 

18-6 

69-8 

11-6 

18-6 

Y 

46 /I mm. 

Mg’’ 1-4881 

69-7 

11-5 

18-2 

tf 
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A xock-s«ilt prism was used throughout for this wcark, and the effective slit-widths (in cm.“^) were 40 at 
2000 cm.*"*, 12 at 1600 6 at 1000 cm.-^ and 5 at 700 The positions of the bands are accurate 

to 2 cmr‘ up to 1300 cmr\ 4 cmr^ from 1300 to 1000 and 20 cm.“^ at any higher frequencies in 
this work. 

The experimental details of the olefin-hydrogen sulphide reactions have been given by Naylor {he. 
cii.) and it will suffice here to give the physical properties and analytical figures for the samples investig- 
ated. These figures were obtained by Naylor at Welwyn, and the samples were then sealed in mtrogen 
and transmitted to Cambridge. The spectra were taken in a rock-salt cell of 0 06 mm. thickness, 
immediately after the samples had been unsealed. 

Our thanks are due to Drs. E. H. Farmer and R. F. Naylor, of the British Rubber Producers' Research 
Association, for bringing this problem to our notice, and for providing us with all the specimens investig- 
ated. We are also grateful to them for much helpful discussion during the course of the work. 

One of us (N. S.) is indebted to St. Catharine's College, and the Dunlop Rubber Co. Ltd., for financial 
help during this investigation. The spectrometer used was provided by a joint grant from the Royal 
Society and Imperial Chemical Industries Ltd. 

Laboratory of Colloid Science, Cambridge. [Received, February 6//*, 1947.] 


301 . The Reaction of Sulphur and Sulphur Compounds with Olefinic 
Svbstances. Part III. The Reaction of Sulphur loith Squalene. 

By George F. Bloomfield. 

Sulphur reacts with Squalene in a manner very similar to that observed with dihydro- 
myreene, and an intramolecularly-linked unimolecular sulphide as well as an intermolecularly- 
linked polysulphide is obtained. 

Rather prolonged reaction times are necessary to obtain an appreciable degree of sulphuration 
of squalene, H*[CHj*CMeICH*CH2]3[CH2*CHXMe*CH2]3*H, below 140® in the absence of 
auxiliary activating substances, and, as might be expected, the course of the reaction shows 
a marked resemblance to the sulphuration of dihydromyreene. The crude reaction product 
consists of unreacted squalene of undiminished olefinic unsaturation, together with a uni- 
molecular sulphurated product and a bimolecular polysulphide. Of the two sulphurated 
components, the unimolecular product, which cannot be completely freed from unreacted 
squalene, is present in the major proportion, although the sulphur which enters into reaction 
is distributed fairly equally among the two components. The unimolecular product, CjoHgoS, 
in which one sulphur atom has become incorporated in the squalene molecule with the loss of 
one double bond, is substantially free from sulphydryl sulphur, and contains carbon and 
hydrogen in the same ratio as in the original hydrocarbon. The bimolecular product is a 
pol5rsulphide of squalene, of considerable stability towards sodium sulphite, and 

the ratio of hydrogen to carbon is again that of the parent hydrocarbon ; the incorporation of 
sulphur is accompanied by loss of olefinic unsaturation. The unsaturation of the bimolecular 
product undergoes a further reduction on heating at temperatures exceeding 140°. 

In view of the known sensitivity of the reaction of sulphur with olefins towards quite small 
proportions of certain activating substances, it is of considerable interest that the addition of 
mercaptobenzthiazole and a zinc soap to the sulphur-squalene system results only in increased 
yields in both uni- and bi-molecular products without greatly affecting their relative propor- 
tions, provided that the time and temperature conditions of the reaction remain unaltered. 

Experimental. 

Microanalyses were carried out by Dr. W. T. Chambers and Miss H. Rhodes. Olefinic unsaturation 
was determined by bromine addition (Bloomfield, J. Soc. Chem. Jnd., 1946, 64 , 274), and molecular 
weights were determined by depression of f. p, of benzene. 

Squalene (14 g.) was heated with sulphur (1*4 g.) in an atmosphere of nitrogen for 3 hrs. at 140°. 
The product was freed from unreacted sulphur first by cooling and filtering, and finally by passage 
through a falling-film molecular still (Farmer and Sutton, ibid., 1946, 65 , 164) at 100°. Subsequent 
molecular distillation of the product at 140° gave a pale yellow distillate (13 g.) having nj?* 1*5031 
(Found : C, 86*1; H, 12*0; S, 21; -SH, 0*09; I.V., 338; M, 412. Calc, for mixture of 71% CjoHjo 
and 29% C30H50S ; C, 85*7 ; H, 12-2; S, 2*1 ; I.V. 348; M, 420) which showed selective U.V. absorp- 
tion at 2800 A., and a reddish-brown viscous residue (1*6 g.) (Found : C, 71*16; H, 0*06; S, 18*75; 
*SH, 0*3; I.V., 250 ± 15; M, 825. requires C, 71*1; H, 9*96; S, 18*95%; M, 1013). A 

10% aqueous solution of sodium sulphite removed 9% of ^e sulphur contained in the residue in 3 hrs. 
at 100°, but was without action on the sulphur in the distillate. A sample of the residue was heated 
in a vacuum for 45 mins, at 160° (Found : C, 70*9; H, 9*9; S, 18*7 ; ‘SH, 0*9%; I.V., 209). Further 
molecular distillation of the distillate at 110° yielded fractions respectively poorer (Found : S, 1‘2%) 
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and richer (Found : S, 4*8%; M, 415) in the sulphurated component. The former of these two frac- 
tions yielded substantially pure squalene, 1*4988 (Found : S, 0*4%; I.V., 360) on passage through 
chromatographic alumina on which the sulphurated component was strongly adsorbed. 

Squalene (10 g,), sulphur (1*0 g.), zinc oxide (0*6 g.), stearic acid (0*5 g.), and mercaptobenzthiazole 
(0*1 g.) were heated together for 3 hrs. at 140°. Separative treatment in the molecular stiU yielded a 
distillable component (8*4 g.), 1*6109 (Found : C, 83*15; H, 11*6; S, 6*3; active H, <0*01 ; I.V., 

312; M, 413. Calc, for 73% CsoHboS -H 27% • C, 83*1 ; H, 11*7; S, 5*3%; I.V., 311 ; M, 434) 

and a residue (1*0 g.) (Found ; S, 19*96%) which was free from zinc. 

This paper forms part of a programme of fundamental research undertaken by the Board of the 
British Rubber Producers* Research Association. The author expresses his thanks to Dr. E. H. Farmer 
for his advice and criticism. 

The British Rubber Producers* Research Association, 

Welwyn Garden City, Herts. {Received, January 16M, 1947.] 


302 . The Reaction of Sulphur and Sulphur Compounds unth Olefinic 
Substances. Part IV. The Thermal Decomposition of Organic Poly^ 
sulphides, and, its Contribution to the Sulphur-Olefin Reaction. 

By George F. Bloomfield. 

At temperatures in the region of 140° organic polysulphides undergo disproportionation 
resulting from thermal fission of S~S bonds and recombination of the fission products. In 
the presence of olefins a considerable proportion of the fission products become attached to 
ethylenic centres of the olefin, forming mixed mono- and poly-sulphides. The major part of the 
monosulphide product is fully saturated, hydrogen-capture occurring during, or subsequent to, the 
formation of adducts from the olefin and sulphurated fragments; unsaturation, however, 
appears in the polysulphide portion. The polysulphides are capable of producing monothio- 
cross-links between the original olefinic molecules only in so far as they are able to yield up 
elementary sulphur to the olefin, and when the original olefin is a polyisoprene the tendency 
towards the formation of a high proportion of intramolecular cyclic sulphide still further 
reduces the opportunity for formation of intermolecular sulphur-cross-linked products. 

Since polysulphides are the principal products of the reaction of sulphur with olefins (Farmer 
and Shipley, Part I, this vol., p, 1619) an understanding of their thermal stability and of their 
further reaction with olefins is clearly of importance in clarifying the general problem of chemical 
changes associated with the olefin-sulphur reaction and the related problem of rubber 
vulcanisation. 

The structure of polysulphides has long presented difficulty in respect of the necessity for 
deciding between their representation by the wholly linear structures (1) or by co-ordinated 
structures of type (II) or (III). Based principally on evidence provided by j^-ray data (Katz, 

S 

R-S-S S-R R-S-S-R RfSl -R C1*S*S*C1 Cl-S-Cl 

S LsJn 

(I.) (II.) (III.) (IV.) (V.) 

Trans, Faraday Soc., 1936, 32, 77) and by the lability of a considerable proportion of the sulphur 
atoms on treatment with alkali (Patrick, ibid., p. 347) or with sodium sulphite (Parker, India 
Rubber J., 1946, 108, 387), a co-ordinated structure has been generally assigned to those poly- 
sulphides obtained by the interaction of organic halides and alkali polysulphides. Evidence 
based on the lability of sulphur atoms is, however, no certain criterion of the presence of co- 
ordinated sulphur atoms, since it is now shown that a comparable lability is exhibited by two 
of the four sulphur atoms in tetrasulphides obtained by the interaction of thiols and sulphur 
monochloride. Whether one accepts a linear (IV) or branched (V) structure for sulphur 
monochloride, it follows that three of the four sulphur atoms of the derived tetrasulphide must 
be in a linear chain, so that when two sulphur atoms are removed, at least one of them must 
have been abstracted from a linear chain. The electron-diffraction investigations of Palmer 
(/. Amer, Chem. Soc., 1938, 60 , 2360) indicate the linear structure (IV) for the monochloride, 
and since, moreover, a recent ultra-violet absorption study by Koch (in the press) provides 
convincing evidence of a linear structure of some of the organic polysulphides which form the 
basis of the present work, it seems fully justifiable to assume linear structures both for the 
tetrasulphides prepared by the interaction of thiols with sulphur monochloride and for the 
polysulphide products of the sulphur-olefin reaction. The chemical behaviour of these poly- 
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sulphides is not at variance with the assumption of a linear structure, nor is a linear structure 
inconsistent with the ring formulation of the polymeric organic polysulphides (Fuller, Chem. 
Eeviews, 1940, 96, 160). 

The precise mechanism of the removal of sulphur from polysulphides by sodium sulphite 
or sodium hydroxide is not altogether clear, although when the former reagent is used it appears 
certain that the polysulphide is converted mainly into disulphide (Armstrong, Little, and Doak, 
Ind, Eng, Chem., 1944, 86, 628) although a small proportion (not exceeding 10%) of it under- 
goes reduction to thiols. Probably there is fission of the sulphur chain, giving thio-radicals 
which recombine to form disulphides, or, to a small extent, are reduced to thiols, while the 
sulphur liberated converts sodium sulphite into thiosulphate. 

Although the thermal decomposition at 170 — 180° of some polysulphides containing olefinic 
unsaturation gives thiols and hydrogen sulphide, together with a sulphurated product of much 
reduced hydrogen content (Farmer and Shipley, Part I), it is now found that the thermal de- 
composition of a saturated tetrasulphide at somewhat lower temperatures (140 — 160°) gives 
only disproportionation products (lower and higher polysulphides), neither thiol nor hydrogen 
sulphide being formed. Moreover, at temperatures below 120°, the tetrasulphides could 
generally be distilled unchanged. 

Interaction of a polysulphide R*Sj;*R with cycloheKene in the temperature range 140 — 180° 
gave sulphurated products of the type R*Sy*R' {y <x) in which R was an organic group from 
the original polysulphide and R' was cyclohexyl or cyclohexenyl, together with disulphides 
RgS^ derived from the original polysulphide, and cyclohexyl cyclohexenyl di- and poly-sulphides. 
The latter were similar to the pol3rsulphid^s resulting from the reaction of sulphur itself with 
cyclohexene, but contained a smaller sulphur chain. Diethyl tetrasulphide and cyclohexene 
yielded rather compkx mixtures in which the more volatile components could not be adequately 
separated by distillation, so it was not possible to confirm or to exclude the presence of either 
the cyc/ohexanethiol or the cyclohexene episulphide expected from the work of Jones and Reid 
(/. Amey. Chem. Soc., 1938, 60, 2462). The presence of some cyclohexyl ethyl sulphide was, 
however, established beyond doubt by the isolation of cyclohexyl ethyl sulphone on oxidatioii 
of the most volatile portion of the reaction product. When polysulphides containing larger 
organic groups were used, the separation of volatile components was facilitated, although the 
separation of non-volatile components became correspondingly more difficult. In spite of the 
most careful search, cyclohexene episulphide could in no case be detected, and the total amount 
of cyc/ohexanethiol formed, together with thiols derived from the original poly sulphide, was 
extremely small. The most volatile products in every instance consisted of mixed mono- 
sulphides of the type CgHuS^R, R being an organic group of tfie original tetrasulphide, although 
when di-'p-chlorophenyl tetrasulphide reacted with cyclohexene some dicy^;/ohexyl sulphide was 
formed in addition to ^-chlorophenyl cyclohexyl sulphide. The origin of the dicy^^/ohexyl 
sulphide in the latter case is obscure. 

Unsaturated polysulphides obtained by reaction of sulphur with cyclohexene reacted at 
140° with further cyclohexene to give polysulphides with shorter sulphur chains, separable 
into components none of which appear^ to be of greater sulphur chain-length than a tetra- 
sulphide, with an increasing tendency towards saturation in the more volatile components. 
The amount of material available did not, however, permit of the isolation of a monosulphide. 

It is accordingly suggested that the thermal decomposition of polysulphides at temperatures 
below 1 80° involves thermal fission of “-S-S"” bonds. In the absence of a second reactive substance, 
recombination of fission products regenerates the polysulphides or gives disproportionation 
products by union of dwsimilar fission products. In the presence of an olefin the fission pro- 
ducts (or the thiols derived therefrom by hydrogen capture) may either add to the ethylenic 
linkage, forming, ultimately, a saturated sulphide, or the fission product may link with an 
allylic radical to form an unsaturated mono-, di-, or poly-sulphide. Simultaneously, reaction 
occurs between the olefin and sulphur liberated from the sulphur chain of the polysulphide, 
and since the sulphur may be presumed to be liberated in a rather reactive (possibly atomic) 
form, the length of the sulphur chain in these products is not large. 

It follows that in the reaction of sulphur with olefins, secondary products resulting from the 
reaction of primarily-formed polysulphides with the olefins are to be expected, especially when 
the olefin is present in considerable excess. When polysulphides reacted with dihydromyrcene, 
a considerable quantity of dihydromyrcene cyclic sulphide, identical with that obtained from 
dihydromyrcene and sulphur (Farmer and Shipley, Part I), was formed. Of particular interest 
from the point of view of the geperal reaction of sulphur with polyisoprenes is the ready form- 
ation of the cyclic sulphide when dihydromyrcene polysulphide itself was heated with dihydro- 
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myrcene, and it is hoped soon to ascertain whether the cyclic sulphide formed in the reaction 
of polyisoprenes with sulphur is a primary product of the olefin-sulphur reaction, or a secondary 
pr^uct formed solely by interaction of polyisoprene polysulphides with the excess of hydro- 
carbon usually present in these reactions. 

Since it is now generally accepted that rubber vulcanisation requires the presence of inter- 
molecular cross-linkages, the combination with rubber of sulphurated fragments of polysulphides 
alone should not cause vulcanisation unless the sulphurated fragments are themselves poly- 
functional (cf. Patrick, U.S.P. 2,235,621). Dialkyl tetrasulphides react fairly readily with 
rubber, giving soluble products containing 2 or 3 units % of combined sulphur which is un- 
doubtedly contained in sulphurated polysulphide fragments added at ethylenic centres of the 
rubber, since it is well established that products of the reaction of sulphur with rubber, con- 
taining considerably less combined sulphur, are quite insoluble. Both the H : C ratio and 
loss of unsaturation in these tetrasulphide-rubber reaction products are consistent with the 
postulated incorporation of sulphurated fission products with the rubber ; moreover, the product 
of interaction of di-/>-chlorophenyl tetrasulphide with rubber contains chemically-combined 
chlorine as well as sulphur. The insolubility of the latter product is attributed to the presence 
of sulphur in excess of that resulting from simple addition of sulphurated polysulphide frag- 
ments, and it appears certain that some degree of cross-linking has been brought about by the 
reaction of sulphur itself, liberated from the sulphur chain of the polysulphide. These ideas 
are consistent with Throdahl and Beavers’s observation [Rubber Chem. Tech., 1945, 18, 110) 
that, although dialkyl tetrasulphides are incapable of vulcanising rubber, yet some degree 
of vulcanisation is observed with certain aromatic polysulphides. 

It is known that in dehydrogenation reactions at elevated temperatures disulphides are as 
effective as sulphur itself, the disulphide linkage undergoing cleavage (Ritter and Sharpe, /. 
Amer, Chem. Soc., 1937, 59 , 2351). If thermal dissociation of disulphides into RS* radicals 
(cf. Schonberg, Ber., 1933, 66, 1932) is appreciable at 140°, then it might be expected that 
disulphides in the presence of sulphur and an olefin would react essentially as polysulphides, 
and, furthermore, disulphides themselves might be expected to enter into reaction with olefins. 
Only scanty evidence of the latter type of reactivity has been obtained with disulphides at 
temperatures below 180°, and diphenyl disulphide, which might be expected to dissociate 
rather more readily than dialkyl disulphides, proved to be entirely without action on cyc/ohexene 
at 180°. Farmer and Shipley have, however, observed the formation of considerable amounts 
of mercaptobenzthiazole on heating together benzthiazole disulphide and cyclo\\Q-x,cnQ at 140°. 
Diethyl disulphide and sulphur, heated together at 140 — 150°, gave no more than trace amounts 
of polysulphide, and when there was also an olefinic substance present reaction occurred ex- 
clusively between the sulphur and the olefin, giving the usual polysulphide products, without 
any indication of participation of the dialkyl disulphide. 

Experimental. 

Microanalyses were carried out by Dr. W. T. Chambers, Miss E. Farquhar, and Miss H. Rhodes. 
Olefinic unsaturation was determined by bromine addition (Bloomfield, /. Soc. Chem. Ind., 1945, 64 , 274). 

All the experiments with polysulphides were conducted in sealed glass tubes or glass flasks. 

Preparation of Tetrasulphides. — Tetrasulphides were prepared by a modification of the method 
described by Bezzi [Gazzetta, 1935, 65 , 693). A 10% solution of sulphur monochloride (1 mol.) in carbon 
disulphide was added at room temperature to a 10% solution of the appropriate thiol (2*1 mols.) in the 
same solvent, and as soon as the initial brisk evolution of hydrogen chloride had subsided the solution 
was gently boiled for 30 minutes under a reflux condenser. The solvent was then removed at room 
temperature under reduced pressure, and, with the exception of di-^-chlorophenyltetrasulphide, which 
crystallised from the residue, the residual tetrasulphide was finally distilled. 

Properties of Tetrasulphides. — Diethyl (sample A) had b. p. 58 — 60°/0-l mm., wJJ* 1-6172; di-w-butyl 
was molecularly distilled at 56® in a falling-film molecular still (Farmer and Sutton, J. Soc. Chem. Ind., 
1946, 65 , 164) and had 1-5772; diisoamyl, molecularly distilled at 66°, had wf,®" 1-5542; Jicyclo- 
hexyl, molecularly distilled at 100°, had wf? 1-6060 (Found: C, 49-0; H, 7-45; S, 43-3. 
requires C, 48-96; H, 7*66; S, 43-5%); diphenyl, molecularly distilled at 110°, had wjf’ >1-7; di-p- 
chlorophenyl, recrystallised from light petroleum, had m. p. 67° (Found : C, 40-65 ; H, 2-35 ; Cl, 20-3 ; 
S, 36-25. Ci,H 8 Cl 2 S 4 requires C, 41*05; H, 2-30; Cl, 20-2; S, 36-5). The author is also indebted to 
Dr. F. W. Shipley for a sample (B) of diethyl tetrasulphide, b. p. 46°/0*01 mm., w}?* 1-610, prepared by 
interaction of ethyl iodide and sodium tetrasulphide. The proportion of the total sulphur content 
(hereinafter designated “ removable sulphur ’*) removable by a boiling 10% aqueous solution of sodium 
sulphite was determined for each of these tetrasulphides (Table 1). 

Thermal Decomposition of DicycXohexyl Tetrasulphide. — ^The tetrasulphide (17*1 g.) in purified cyclo- 
hexane (50 c.c.) was heated for 4 hrs. at 140°, air being excluded. Molecular distillation of the solvent- 
firee product yielded a relatively small amount (2*9 g.) of material of reduced sulphur content which 
had 1-5816 (Found : C, 63-7; H, 8-36; S, 38-0; removable S, 3 hrs., 26-2, 8 hrs., 31-8%), a con- 
siderable amount (9-6 g.) of mainly unchanged dicyefohexyl tetrasulphide, 1*6032 (Found : C, 49-75; 
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Tetrasulphide. 

Diethyl (A) 

Diethyl (B) 

Di-w-butyl 

Dii5oamyl 

Dkyc/ohexyl 

Diphenyl 

Di-/?-chlorophenyl 


Table 1. 

Removable sulphur, % : 


at 100®. 

8 hrs. at 100®. 

50 

50 

49 

not determined 

30 

45 

44 

60 

11 

44 

60 

52 

60 

50 


H, 7*56; S, 42-3; removable S, 3 hrs., 9-2; 8 hrs., 37*2%), and a relatively small amount (1-7 g.) of 
viscous dicyclohexyl hexasuiphide, nfj" 1*664 (Found : C, 39*8; H, 6*15; S, 53*7; removable S, 3 hrs., 
43*2, 8 hrs., 49*2. CiaHaaS# requires C, 40*2; H, 6*2; S, 63-6%). The infra-red spectrum of the 
hexasuiphide revealed no unsaturation. 

Reaction of Tetrasulphides with Olefins. — (1) Diethyl tetrasulphide and cyclohexene. The tetra- 
sulphide (sample A, 20 g.) and <;yc/ohexene (50 c.c.) were heated together for 4 hrs. at 140® in the absence 
of air. After removal of unchanged cyc/ohexene (34 g.), the product was separated into a wide range 
of fractions, b. p. 35 — 76®/0*l mm. (total weight 18 g.), leaving a viscous residue (6 g.), care being taken 
to avoid heating above 130® during the distillation. The recovered cyc/ohexene contained a trace of 
ethanethiol, but no carbon disulphide could be detected. Redistillation of the volatile portion of the 
reaction product gave the following main fractions : (1) b. p. 75 — 77®/13 mm. (3*5 g.), 1*5304 

(Found : C, 46*05; H, 8*55; S, 46*0; removable S, 2 hrs., 25*9%) ; (ii), b. p. 77 — 79®/13 mm. (2*4 g.), 

1*6388 (Found : C, 42*35; H, 8*05; S, 48*95; removable S, 2 hrs., 28*8%); (iii) b. p. 79°/13 mm. 
(1*4 g,), n\V 1*6490 (Found : C, 38*4; H, 8*25; S, 63*4; removable S, 2 hrs., 30*5%), and (iv) b. p. 

! mm. (8*4 g.), 1*6970 (Found : C, 34*7; H, 6*4; S, 69*3; removable S, 2 hrs., 47*3%). 

Further fractionation of fraction (iv) gave sub-fractions of unchanged n. Since the H ; C ratio of frac- 
tions (i), (ii), and (iv) indicated the presence of a considerable proportion of cycldhexyl groups, the most 
volatile fraction (i) was reduced by sodium in alcohol, whereby di- and poly-sulphides were converted 
into sodium mercaptides. Oxidation with acid permanganate of the alkali-insoluble components of 
the reduced product gave cyclohexyl ethyl sulphone, m. p. 34® (Found: C, 64*56; H, 9*30; S, 18*1. 
CaHjeOjS requires C, 54*65: H, 9*15; S, 18*2%). The non-volatile portion of the original reaction 
product contained mainly cyclohoxyl and cyc/ohexenyl groups (Found: C, 38*6; H, 5*7; S, 64*6; 
removable S, 4 hrs., 51%). Only a trace of ^:yc/ohexanethiol was detected in the reaction product, and 
no cycldhcxcnc cpisulphide was isolated. 

(2) Diisoamyl tetrasulphide and cyclohexene. The tetrasulphide (17 g.) and cyc/ohexene (50 c.c.) 

were heated together for 4 hrs. at 180® in the absence of air. Distillation of the reaction product yielded 
(a) unchanged cyc/ohexene (25 c.c.), (6) a fraction, b. p. 60 — 75®/0*01 mm. (21*2 g.), and (c) a residue 
(16*7 g.) not distillable below 100®/0*01 mm. The unchanged oyclohcxcnc was carefully redistilled 
(Fenske column) and the residue was united with traces of liquid of b. p. <60®/0*01 mm. isolated during 
the preliminary separation ; the combined liquids (0*6 g.), redistilled at 13 mm., consisted entirely of 
thiols (Found : C, 64*8; H, 10*4; S, 24*8 ; active H, 0*75% = 24*0% S as ‘SH). Fraction (6) was 
redistilled at 0*1 mm., and yielded mainly cyc/ohexyl isoarayl sulphide (12*5 g.), b. p. 58 — 60®, nf?* 1*4860 
(Found : C, 70*2; H, 11*6; S, 18*2; removable S, nil. Calc, for CuH^S ; C, 71*0; H, 12*0; S, 17*2%). 
together with the following fractions of higher sulphur content : (i) b. p. 60 — 62® (2*7 g.), 1*4909 

(Found : C, 69*76; H, 11*45; S, 18*75%); (ii) b. p. 62—65® (0*6 g.), 1*6018; (iii) b. p. 66—70® 

(2 g.). 1*6142 (Found : C, 68*65; H, 10*7; S, 20*5%), and (iv) b. p. 70—75® (2*2 g.), 1*6218 

(Found: C. 65*25; H, 10*2; S, 24*4; removables, 3 hrs., 12%; M, 198; I. V., 46). Permanganate 
oxidation of the bulk fraction of cyc^/ohexyl isoamyl sulphide gave the sulphone (yield, 60%), m. p. 57 — 
58® (Found : C, 60*26; H, 10*2; S, 14*7%. Calc, for CnHa^SO* : C, 60*6; H, 10*2; S, 14*65%), 
which had mixed m. p. 67® with an authentic specimen of m. p. 57® (Cunneen, this vol., p. 36). The 
non-distillable residue (c) was passed through the molecular still at 56®, at which temperature about 
half of the material was volatile. The distillate (6*3 g.), a pale yellow mobile oil, had 1*5458, and 
consisted mainly of disulphides (Found s C, 63*8; H, 9*55; S, 26*86; removable S, 8 hrs., 1*6%; M, 
216). The brown, rather viscous residue (6*1 g.), wf?* 1*5818, was of greater molecular complexity 
(Found: C, 61*35; H, 8*4; S, 30*0; removables, 8 hrs., 10*7%; M, 318). Infra-red examination of 
both distillate and residue showed the presence of isoamyl groups, and also revealed the presence of 
unsaturation of an apparently conjugated type. 

A similar experiment conducted at 140® with 12*7 g- of the tetrasulphide gave no oyo/ohexene 
episulphide and no more than a trace of thiols. Some cyolohexyl isoamyl sulphide (2*9 g.) was isolated 
from the crude reaction product; on passing the remainder through the molecular still the volatile 
portion (7*4 g.), containing considerable unchanged diisoamyl tetrasulphide, had 1*5481 (Found : 
C, 48*06; H, 8*55; S, 43*1; removable S, 3 hrs., 37*0; 8 hrs., 43*6%; M, 260)r, but the non-volatile 
residue (2*1 g.) had 1*5958 and probably consisted mainly of cyo/ohexyl isoamyl pol 3 rsulphide and 
oyc/ohexenyl isoamyl polysulphide (Found: C, 43*35; H, 7*0; S, 48*3; removable S, 3 hrs., 46*2; 
8 hrs., 53*0%; M, 312. Calc, for C 5 HuS 4 .eCeHi 0.2 • 301). The high proportion of removable 

sulphur after 8 hrs. at 100® indicates the absence of any appreciable amount of dicyo/ohexyl tetrasulphide. 
Treatment of the non-volatile residue with further cyo/ohexene for 3 hrs. at 140® gave an increase in 
weight of 23%, and pot-still molecular distillation of the product gave two fractions of substantially 
lower sulphur content than the original material; the distillate had 1*5358 (Found : C, 56*7 ; H, 
9*3; S, 33*86; removable S, 3 hrs., 28*7; 8 hrs., 30*7%, corresponding to CBHiiS..jCeHio. 5 ) and the 
residue had 1*6062 (Found : C, 48*95; H, 7*4; S, 42*8; removable S, 3 hrs., 29*7; 8 hrs., 39*2%, 
corresponding to CbHuSb.jCjHio). 

(3) Dicyclohexyl tetrasulphide and cyclohexene. 9*2 G. of the tetrasulphide, heated for 3 hrs. at 
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180® with excess of cy^;/ohexene, gave 9 g. of dic^c/ohexyl sulphide free from unsaturation (Found : 
C. 72-7; H, 11-2; S, 16:2. Calc, for CijHa,S : C, 72-7; H, 11-16; S, 16-16%). together with higher 
sulphides containing unsaturation, e.g.. a disulphide (6-8 g.), b. p. >100®/0-01 mm., 1*6792 (Found ; 
C, 61-6; H, 8*76; S, 29*3%). Oxidation of the dicyc/ohexyl sulphide gave dicyc/ohexyl sulphone, m. p. 
132-6®, in 80% yield (Found: C. 624; H. 9-7; S, 13-65. Calc, for C^HgaOcS ; C, 62-55; H. 9-65; 
S, 13-9%). 

(4) Di-p-chloyophenyl tetrasulphide and cyclohexene. The product obtained by heating together 
the tetrasulphide (23*6 g.) and cyc/chexcne (60 c.c.) was separated by one passage through the molecular 
still at 66® into a pale yellow distillate (A, 14-8 g.) and a golden brown residue (B, 26 g.) which on a 
second passage through the still at 80® was further separated into a pale yellow distillate (C, 16-0 g.) 
and a residue (D, 7-3 g.). The distillate A, which had 1-5661 (Found : C, 65-9; H, 7-8; Cl, 11-26; 
S, 16-05%), was redistilled from a flask at 0-001 mm., giving the following fractions : (i) b. p. 72 — 80® 
(0*8 g.). tiff* 1*6262; (ii) b. p. 80—86® (2-0 g.). nf 1-5342 (Found : C, 70-76; H. 9-96; Cl, 3-9; S. 16-3. 
Calc, for 24-6% CiaHigClS + 73-4% CigHggS : C. 69-0; H. 9-80; Cl, 3-9; S, 15-3%), (iii) b. p. 
8^92® (2-7 g.).<* 1-6641 (Found: C, 68-46; H, 8-7; Cl, 7-9; S. 16-05. Calc, for 60-6% CjaH, 5 ClS + 
49*6% CigHgaS : C, 68-06; H. 8-9; Cl. 7-9; S, 15-1%), (iv) b. p. 92—96® (4-1 g.). w??’ 1-5762 (Found : 
C. 65-3; H, 7*06; Cl, 13*95; S, 14-4. Calc, for 89-2% CjaHigClS 4- 10-8% C^HgaS : C, 64-5; H, 
7-1; Cl, 13-95; S, 14-3%), and a liquid residue (v), not distillable without overheating, wf?* 1*5808, 
from which crystallised p-chlorophenyl cyclohexyl sulphide, m. p. 26° (Found : C, 63-86; H, 6*8; Cl, 
15-75; S, 14-05. CiaHuClS requires C. 63-66; H, 6*7; Cl. 15-66; S, 14-1%). Oxidation of fraction 
(iv) gave a 62% yield of ^-chlorophenyl cyclohexyl sulphone, m, p. 68 — 69® (Found : C, 66-9; H, 5-86; 
Cl, 13*96; S, 12-4. CiaH^OaClS requires C. 66-7; H, 5-85; Cl, 13-7; S, 12-4%). 

(5) cycloHexyl cyclohexenyl polysuiphide and cyclohexene. A typical polysulphide (Found: C, 
34-66 ; H, 4*85 ; S, 59*6%), obtained by the action of sulphur on cyc/ohexenc, was heated with an excess 
of cyc/ohexene for 3 hrs. at 140°. There was a weight increase of 14% and the product yielded a dis- 
tillate (pot still) which had wj?* 1-5805 (Found : C, 66-1 ; H, 8-1 ; S, 36*15; removable S, 8 hrs., 33-2%) 
and a residue which had 1-6260 (Found : C, 61*0; H, 7-0; S, 40*9; removable S, 8 hrs., 29-6%). 

(6) Diphenyl tetrasulphide and dihydromyrcene. The tetrasulphide (19-1 g.) and dihydromyrcene 
(60 C.C.), heated together for 3 hrs. at 160° in the absence of air, yielded dihydromyrcene cyclic sulphide 
(3*8 g.) and a reddish-brown oil (29*7 g.) which was separated by passage through the molecular still at 
80® into a volatile red liquid (21*7 g.) (Found : C, 72-4; H, 7-9; S, 18-7%) which deposited considerable 
diphenyl disulphide, and a brown viscous residue (4*0 g.) (Found : C, 61*86; H, 7*46; S, 31-7%). 

(7) Dihydromyrcene polysuiphide and dihydromyrcene. The polysuiphide (5-5 g.), obtained by the 
action of sulphur on dihydromyrcene, and freed from cyclic sulphide and free sulphur by repeated 
passage through the molecular still, was heated with dihydromyrcene (20 c.c.) for 3 hrs. at 145° and 
yielded 3*3 g. of dihydromyrcene cyclic sulphide, together with 6*6 g. of non-volatile matter (Found : 
C, 67-35; H. 8-6; S. ■33-35%)- 

(8) Tetrasulphides and rubber. The tetrasulpliides were incorporated into the rubber by milling, 
the mixtures were heated in sealed evacuated tubes for 3 lirs. at 1 40°, and the products were extracted 
with acetone and with chloroform if they were sufficiently insoluble. Diethyl tetrasulphide (0-76 g.) 
and rubber (6 g.) yielded a reddish-brown i>roduct (Found : C, 84-8; H, 11*65; S, 2-8%; I.V., 328) 
which was soluble in benzene and in chloroform. Di-^-chlorophenyl tetrasulphide (1*1 g.) and rubber 
(4 g.) yielded an insoluble product (Found : C, 79-1; H, 10-45; Cl. 2-66; S, 7*25%). 

This paper forms part of a programme of fundamental research undertaken by the Board of the 
British Rubber Producers’ Research Association. The author expresses his thanks to Dr. E. H. Farmer 
for his advice and criticism, and to Mr. N. Sheppard for infra-red examination of some of the poly- 
sulphides. 

Note added in Proof. — Since the above papers were submitted the reaction mechanism 
involved in the formation of saturated monosulphides by the interaction of polysulphides with 
olefins has been clarified by a study of the reaction of diphenyl tetrasulphide with 1-methyl- 
cyc/ohexene. Since the major reaction product is phenyl 1-methylcyc/ohexyl sulphide and not 
phenyl 2-methyl£:yi:/ohexyl sulphide it appears certain that the reaction involves hydrogen- 
capture by the fission product of the polysuiphide and addition of the resulting thiol to the 
double bond by a polar mechanism (I) rather than by a radical addition of the fission product 
to the double bond followed by hydrogen-capture at the other ethylenic carbon atom (II). 

Ph2S4 — > PhS* — PhSH 

0 /Me /\/Me 

I — > f hsph (I) 



The structure of the sulphide formed was confirmed by mixed m. p. (76°) of the corresponding 
sulphone with the phenyl l-methylcy^;/<?hexyl sulphone of m. p. 76® described by Cunneen 
(loc. cit.). 




1552 


Walhef : Derivatives of Q-Methoxyquinaldine 

303 . Derivaiives of &-Methoxyquinaldine toith Basic Substituents in 

the 4t-Position. 

By James Walker. 

Attention is directed to the smooth replacement of the sulphonic acid group in quinoline-4- 
sulphonic acids by reaction with amines as a means of preparing quinolines substituted in the 
4^position by basic groups. 

In contrast with the activity shown by certain 4-dialkylaminoalkylamino-6-methoxyquinoline9 
in bird malaria (Magidson and Rubtsov, /. Gen. Chem. Russia, 1937, 7, 1896), no activity was 
observed in analogous quinaldines (e.g., Kermack and Smith, 1931, 3096; Krichevskii 
et al., J. Microbiol. Epidemiol. Immunobiol. Russia, 1936, 14, 642). In view of the greater 
accessibility of the quinaldines as compared with the quinolines of this type, the present author, 
towards the end of 1941, began a further investigation of other 6-methoxyquinaldines, but, 
while the work was still in progress, essentially the same project was independently covered 
by Holcomb and Hamilton {J. Amer. Chem. Soc., 1942, 64, 1309), who actually record the 
observation of antimalarial activity in 4-y-diethylaminopropylamino-6-methoxyquinaldine (I), 
and the writer’s interest was then withdrawn from this topic although the work, as now described 
below, differed in technical detail from that of Holcomb and Hamilton. In the interval, how- 
ever, much attention has been devoted to the subject of quinolines substituted in the 4-position 
by basic side-chains in view of the marked antimalarial properties of resochin (7-chloro-4-3- 
diethylamino-a-methylbutylaminoquinoline), which can be regarded as being derived from 
mepacrine by ablation of the methoxylated benzene ring, and the corresponding 3-methyl 
compound, sontochin (D.R.-P. 683,692; U.S.P. 2,233,970). Much has recently been published 
in the United States in this connection {e.g., Drake et ah, J. Amer. Chem. Soc., 1946, 68, 1208, 
1214; Tarbell et ah, ibid., p. 1217; Carmack et ah, ibid., p. 1220; Pearson, Jones, and Cope, 
ibid., p. 1226; Riegel et ah, ibid., p. 1229; Breslow et ah, ibid., p. 1232; Elderfield et ah, ibid., 
p. 1260). The method regularly used for the introduction of the aliphatic basic side-chains into 
the 4-position of quinolines has been to condense the appropriate 4-chloro-compounds with the 
appropriate amines at a high temperature, and fair yields have been reported as a 
rule. Occasionally, phenol has been added as a catalyst but it does not appear to have the same 
marked influence in the quinoline series as it has with 5-chloroacridines (cf. Magidson and 
Grigorowsky, Ber,, 1936, 69, 400). Potassium iodide has also been applied as a catalyst but 
there is little evidence of its efficaciousness, and glacial acetic acid has been used as a solvent in 
such condensations with aliphatic amines (Meyer and Drutel, Compt. rend., 1936, 205, 148) 
although its use is more familiar with anilines (e.g., Fischer, Diepolder, and Wolfel, J. pr. Chem., 
1926, 109, 69). 

The present paper records the use of ^-melhoxyqiiinaldine-^-sulphonic acid (II) for this 
purpose in an application of a method outlined in the patent literature (D.R.-P. 615,184), In 
the original patent, quinoline-2- or -4-sulphonic acids were condensed with amines with or 
without the addition of a catalyst, such as zinc chloride, but the latter was used in 
the experiments described below, in which (II) has been condensed with ammonia to give 
4-amino-6-methoxyquinaldine (III), with a-aminopyridine to give i^-oL-pyridylamino-^^methoxy^ 
quinaldine (IV) in poor yield, with y-diethylaminopropylamine to give (I) (characterised as the 
dihydrochloride), and with 3-diethylamino-a-methylbutylamine to give ^r^-diethylamino-tL- 
methylhutylamino-^-methoxyquinaldine (V) (characterised as the dihydrobromide). The sulphonic 

(I) R = CHa-CHj-CHg-NEtj 

(III) R = H 

(IV) R = C5H4N 

(V) R = CHMe-CH*-CH,-CH,-NEta 

acid (II) was obtained in practically quantitative yield from 4-chloro-6-methoxyquinaldine and 
sodium sulphite in aqueous solution (cf. Besthom and Geisselbrecht, Ber., 1920, 68, 1017), and 
subsequent condensation with amines proceeded as a smooth homogeneous reaction affording 
products which readily crystallised in the crude state (cf. Bachman and Cooper, J. Org. Chem., 
1944, 9, 307). Holcomb and Hamilton (loc. cU.) fail^ to isolate a satisfactory condensation 
product from 4-chloro.6-metho*yquinaldine and a-aminopyridiae, but a yfeU of the 

expected product was readily isolated using the sulphonic acid. Furthermore condensation 
with ammonia proceeded particularly readily with the sulphonic acid in marked contrast with 


SO,H 

MeOj^Y^ 

KAny 

(II.) 


“•tX 



with Basic Substituents in the 4c-Position. 


[1947] 


1563 


the behaviour of 4-chloroquinolines (cf. Elderfield et al„ loc. citr, Backeberg and Marais, 
1942. 3S1), 

Tests for therapeutic activity in P. relictum infections in canaries were kindly carried out by 
Dr. Ann Bishop at the Molteno Institute, Cambridge, on sodium 6-methoxyquinaldine-4- 
sulphonate, 4-oi-pyridylainino-6-methoxyquinaldine (IV), and 4-S-diethylammo-a-methylbutyl- 
amino-6-methoxyquinaldine (V) dihydrobromide, but no activity was detected. It is now 
obvious that a methyl group in the 2-position in quinolines, though not in the 3-position (cf. 
sontochin), has a marked dystherapeutic effect probably by presenting to the host a point of 
metabolic attack. 


Experimental. 

^•‘Meihoxyquinaldine^itsulphonic Acid (II). — Ethyl j3-/>-anisidinocrotonate (Coffey, Thomson, and 
Wilson, 1936, 856) was cyclised by Limpach's technique (Ber,, 1931, 64 , 969) and the 
resulting 4-hydroxy-6-methoxyquinaldine was converted into the chloro-compound in 90% yield 
following the me^od of Fischer et al. (loc. cit.), 4“Chloro-6-methoxyquinaldine (5 g.) was refluxed with 
an aqueous solution (40 c.c., adjusted to pH 8 with N-hydrochloric acid) of sodium sulphite heptahydrate 
(12 g.) until a homogeneous solution was obtained (34 hours) and then for a further 4 hour. The 
solution, treated with norite, was filtered and cooled, affording a copious separation of colourless prisms 
of the sodium salt The free acid, precipitated by acidifying an aqueous solution of the sodium salt to 
Congo-red with 16% hydrochloric acid, separated from water in pale cream-coloured hydrated prisms 
which lost part of the water of crystallisation in a vacuum desiccator, darkened at about 296°, and had 
m. p. 302—303° (decomp.) (Found : C, 48-6; H, 5-0; N, 5*2. CnHuO^NS.HgO requires C. 48-7; H. 
4*8; N. 5*2%). The yield was nearly quantitative. 

^Amino-^-methoxyquinaldine (III). — 6-Methoxyquinaldine-4-sulphonic acid (6 g.), 25% aqueous 
ammonia solution (30 c.c.), and zinc chloride (1 g.) were heated in a sealed tube at 130° for 20 hours. 
On cooling, large yellow plates were deposited. The mixture was warmed to effect solution, cooled, and 
treated with excess of 2N-sodium hydroxide (25 — 30 c.c.). The precipitated oil rapidly crystallised in 
colourless needles (3*75 g. ; 84%), m. p. 206°. Recrystallisation from dilute aqueous alcohol afforded 
thin plates, m. p. 208—209° (Found : C, 70 0; H. 6-5; N, 14*9. Calc, for CuHigONa : C, 70-2; H. 
6*4; N, 14*9%). Koenigs and v. Loesch (/. pv, Chem., 1935, 143, 59) record m. p. 211 — 213°, and 
Backeberg and Marais (/oc. cit) record m. p. 209°. 

4ra-Pyfidylamino-^'methoxyquinaldine (IV). — 6-Methoxyquinaldine-4-sulphonic acid (5*06 g.), 

freshly distilled a-aminopyridine (3*8 g.), zinc chloride (1 g.), and water (25 c.c.) were heated in a sealed 
tube at 140° for 30 hours. The product was distributed between ether and excess of 2N-sodium hydroxide. 
The ether was well washed with water, dried, and evaporated, affording a cream-coloured solid (0*33 g. ; 
0*2%), which separated from benzene in rosettes of fine colourless prisms, m. p. 196 — 197° (Found : C, 
72-6; H, 6-7; 1^16-5. CnHuONs requires C, 72*5; H, 5-7; N, 15-8%). 

4try-Diethylaminopfopylamino-Q-methoxyquinaldine (I) Dihydrochloride. — 6-Methoxyquinaldine-4- 
sulphonic acid (5*06 g.), y-diethylaminopropylamine (4-3 g.), zinc chloride (1'2 g.), and water (18 c.c.) 
were heated in a sealed tube at 140° for 24 hours. The product was distributed between ether and 
3N-sodium hydroxide. The ethereal solution was well washed with water, dried, and evaporated, 
affording a stiff pale yellow syrup which crystallised completely in the form of transparent plates (4*26 g. ; 
71%) ; the solid did not remelt on the boiling water-bath. The base was dissolved in a small volume 
of warm alcohol and treated with the calculated volume of alcoholic hydrochloric acid. The 
dihydrochloride, obtained on evaporation, separated from eth 3 d alcohol-cthyl acetate (1 : <1) in minute 
clusters of colourless prisms, ra. p. 134° (Found, in material dried over sulphuric acid in a vacuum : C, 
53-7, 54-2; H, 7-9, 7-8; N, 10-5. Ci8H870N3,2HC1.14H20 requires C, 53-9; H. 8 0; N, 10*5. Calc, 

for Ci 8 Hj 70 Na, 2 HCl, 2 H 20 : C, 52-7 ; H, 8-0; N, 10-2%). Holcomb and Hamilton (loc. cit.) obtained a 
dihydrate, and record m. p. 126—127°; Van Arendonk and Shonle (/. Amer. Chem. Soc., 1944, 66 , 1284) 
record m. p. 125 — 126°. 

Arh-Diethylamino-a-methylbutylamino-^-rnethoxyquinaldine (V) Dihydrobromide. — 6-Methoxyquinal- 
dine-4-sulphonic acid (7*6 g.), 8-diethylamino-a-methylbutylamine (9*6 g.), zinc chloride (1 g.), and 
water (20 c.c.) were heated in a sealed tube at 150° for 20 hours. The product was isolated as in the 
preceding case and the base, obtained initially as an amber syrup (6*6 g. ; 67%), rapidly crystallised, 
affording a cream-coloured solid, m. p. 120 — 122°, clearing at 123° (Found : OMe, 9*5. C'aoHgiONj 
requires OMe, 9*4%). The dihydrobromide, obtained by neutralisation with the calculated volume of 
N-hydrobromic acid and evaporation to dryness, separated from ethyl alcohol-ethyl acetate (approx. 
1 : 2) in clusters of colourless radiating prisms, m. p. 197 — 198° (Found : C, 48*7 ; H, 6 7; N, 8-4; Br, 
32*3. Cj0H3iON3,2HBr requires C, 48*9; H, 6*7; N, 8*6; Br, 32*6%). The dihydrochloride of this 
ba$e has been described by Holcomb and Hamilton (loc. cit.). 

The author is greatly indebted to Dr. Ann Bishop for carrying out the antimalarial tests and to 
Mr. L. V. Sharp for assistance in the preparation of starting materials. 

National Institute for Medical Research, 

London, N.W.3. 


[Received, January 17lh, 1947.] 
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304 . Strychnine and Brucine. Part XLVII. Oxodihydroneostry<^nine 
and Oocodihydromeihoxymeihyldihydroneoetrychnine. 

By R. N. Chakravarti, K. H. Fausacker, and Sir Robert Robinson. 

It is shown that bases of the «tfo-series are characterised by facile oxidation to oxo-derivatives 
formed by addition of one atom of oxygen. The carbon-nitrogen skeleton of strychnine is 
found unaltered in reduction products of these substances. 

In the course of attempts to prepare the methiodide of methoxymethyldihydron^trychnidine 
in methaiiolic solution it was found that oxidation occurred and the product was termed 
oxymetlioxymethyldihydroM^ostrychnidine-A, m. p. 235°. It was convertible into an iso- 
meride-B, m. p. 280° (285°), in various ways, for example by boiling with xylene or acetone 
(Clemo, Perkin, and Robinson, 1927, 1608). No semicarbazone could be prepared, and the 
base was unchanged by boiling acetic anhydride. It was recognised that the methyl iodide was 
a source of a trace of catalytic iodine, and the brucidine analogue was obtained by the use of 
methanol and a crystal of iodine (Gulland, Perkin, and Robinson, 1927, 1643). 

In a later paper (Achmatowicz, Perkin, and Robinson, 1932, 495), the oxidation of 
methoxymethyldihydrow^ostrychnidine by means of potassium permanganate in acetone solution 
was studied. The product was an acetone compound of the oxymethoxydihydrow^ostrych- 
nidine-C, m.p. 305 — 306°. The opinion was expressed that (C) is (B) in purer form. 

An interesting observation was the conversion of the isomeride-C into oxymethylw^u- 
strychnidinium salts by boiling it with 20% sulphuric acid. The iodide was analysed, and the 
related chloride could be converted into the base-C by the action of methanolic potassium 
hydroxide. This was regarded as a proof that the oxygen t 2 ^ken up is not present in a labile 
group such as an ethylene oxide. 

Our further observations suggest that these so-called isomerides are either very labile 
isomerides or owe their differing melting points to the presence of tenaciously held solvent. 

Material of m. p. 285°, corresponding to isomeride-B, afforded a p-nitrophenylhydrazone 
which could not, however, be fully purified by crystallisation. It gave the characteristic colour 
reaction of its class with aqueous alcoholic sodium hydroxide. 

The bases of m. p. 210 — 224° (A) and m. p. 285° (B) were converted in the known manner in 
oxyneostrychnidine methiodide ; the same product was obtained in each case and it tallied with 
the description {loc, cit.) of the salt from isomeride-C. On treatment with methanolic pota^ium 
hydroxide the latter base was produced. 

An indication that the skeleton was unaltered by the oxidation was afforded by reduction 
of isomeride-B under Clemmensen's conditions with formation of methoxymethyltetrahydro- 
strychnidine. These results suggest that the oxidation product is an aldehyde or ketone, and 
we propose the replacement of the prefix oxy ” by oxodihydro Methoxymethyldihydro- 
M<?ostrychnine is found to be convertible into oxodihydromethoxymethyldihydroneostrychnine 
either by leaving a methanolic solution containing a trace of iodine to evaporate in the air, or by 
boiling with methanol and methyl iodide. The use of ethanol led to the formation of an 
uncry stallisable gum. The new base holds firmly \ MeOH or J EtOH. Although it certainly 
forms a ^-nitrophenylhydrazone, this derivative showed no tendency to crystallise. The base 
was also oxidised by means of ferric chloride in N-hydrochloric acid. The crystalline product 
appears to have the composition C 4 *H 5 e 07 N 4 , that is, two molecules of the base take up one atom 
of oxygen. A low value was obtained for the molecular weight in fused camphor, but this is 
probably due to fissibn of the molecule under the conditions of the experiment. A very satis- 
factory oxidation of tzeostrychnine occurs when its acid solution is treated with bromine water in 
the cold. The hydrobromide of oxodikydroneostrychnine * crystallises in high yield. The free 
base exhibits interesting properties and transformations which will be described in detail in a 
subsequent communication. It is mentioned here because the composition change is the same 
as that observed in other cases and because this substance is the most characteristic of the 
oxodihydroneo-bases which we have encountered. 

Although this and the other oxodihydro-bases reduce ammoniacal silver solutions with ease 
and slowly reduce Fehling’s solution, it does not follpw that they are aldehydes. It is well 
known that many a-amino-ketones are readily oxidised by the reagents mentioned. 

The aldehyde hypothesis seems to be inconsistent with the reduction of oxodihydromethoxy- 

• The use of neo in this name may be superfluous because dihydro«5ostrychnine is dihydrostrychnine. 
But this depends on the validity of our views and the neo is retained in order to show the origin of the 
base. 
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methylw^ostrydmidine to methoxymethyltetrahydrostrychnidine and with the formation of 
oxodihydromethoxymethylstrychnidine-C from oxodihydromethylstrychnidinum salts by the 
action of such a vigorous reagent as methyl alcoholic potassium hydroxide. 

The only rational explanations of the formation of these oxodihydrow^o-bases that we can 
devise are as follows : 


(«) 

:N{b)— t=CH— — 

:N(b)-~(j:H—co— 

(6) 

:N(b)^-CH,- - 

:N(b)-^H— CO- 

(c) 

:N(b)— CH=C< - 

/CHO 

:N(b)-(p— 


Added May 1947. — It now seems probable that oxodihydrow^ostrychnidine is not 

analogous to the other oxo-compounds mentioned herein, and the discussion is therefore post- 
poned. 

Added November 9th, 1947. — It has been established that the salt first formed is a neo- 
strychnine dibromide (one bromidion) which changes to oxodihydroa//ostrychnine hydro- 
bromide in warm aqueous solution. The free base is an aldehyde produced in accordance with 
hypothesis (c). A statement of these relations was made to the Organic Chemistry Section 
of the International Congress of Chemistry {London, 1947). 

Experimental. 

Oxodihydromethoxymethyldihydroneostrychnidine. — This substance was obtained by the known 
method {loc. cit., 1927) and had variable m. ps. ranging from 210"^ to 224" (lit. 235") in different runs. 
After addition of methanol to a solution in pyridine, the crystals that separated had m. p. 285" and the 
same value was reached by refluxing the initial product with ethanol or acetone. Only a small quantity 
of dark material remained in the filtrate. 

Oxidation of methoxymethyldihydron^ostrychnidine (7 g.) by means of potassium permanganate in 
acetone solution (loc. cit., 1932) gave 0*5 g. of the variety, m. p. 305°. This separated on concentration 
of the acetone solution, and the bulk of the product was oi>tained on removal of the solvent as an 
uncrystalhsable oil. It is very difficult to determine whether the varieties, m. p. 285” and m. p. 305°, are 
identical or not. The mixed m. p. was 288 — 294°, and when a pyridine solution of the base, m. p. 285°, 
was mixed with methanol containing a few crystals of the base, m. p. 305°, the separated crystals had 
m. p. 304 — 306°. On the other hand the variety, m. p. 285°, can be recrystallised without change of m. p. 
and no change of m. p. was observed on refluxing it with acetone, alone or in presence of a little sodium 
hydroxide. Conversion of any of the supposed isomerides into oxymethyln^astrychnidine methiodide 
(loc. cit.) gave one and the same salt, m. p. 232 — 234° (lit., 238 — 240") showing undepressed mixed m. ps. 

The quaternary chloride from the variety, m. p. 285°, was treated with methanolic potassium hydroxide 
in the known manner and afforded a base, m. p. 298 — 300°, m. p. 300 — 302° on admixture with the 
variety, m. p. 305". 

A mixture of the variety, m. p. 285° (0-1 g.), ^-nitrophenylhydrazine (0*04 g.), and acetic acid (2 c.c.) 
was heated on the steam-bath for J hour. Addition of aqueous ammonia precipitated a light yellow 
amorphous solid which was purified by solution in hot ethanol and addition of water ; it could not be 
crystallised (Found : C, 67*9; H, 7*0. C29H35O4N 5 requires C, 67*3 ; H, 6-8%). The softened 

at 120° and decomposed at 185—186° but these figures have little significance. Its alcoholic solution 
developed an intense red coloration on the addition of a drop of 10% aqueous sodium hydroxide, the 
reaction characteristic of />-nitrophenylhydrazones. Its acid solution developed a carmine coloration 
(strychnidine reaction) on addition of ferric chloride. The variety, m. p. 306°, gave a similar ^-nitro- 
phenylhydrazone exhibiting these reactions. 

A mixture of the variety, m. p. 286° (2*0 g.), concentrated hydrochloric acid (5 c.c.), water (4 c.c.), 
and amalgamated zinc (6 g., prepared according to “ Organic Reactions," 1, 163) was refluxed for 12 
hours with tlie addition of further concentrated hydrochloric acid (1 c.c.) each hour. The diluted 
solution was basified with sodium hydroxide and the product obtained as a white solid (1’8 g., m. p. 
220 — 221°). The substance was crystallised from benzene and from pyridine-methanol and identified 
as methoxymethyltetrahydrostrychnidine by observation of the m. p. 220 — 221°, undepressed on 
admixture with an authentic specimen. 

Oxodihydromethoxymethyldihydroneosirychnine. — ^Methoxymethyldihydroncfostrychnine was prepared 
from methylstrychnine by the method of Achmatowicz, Clemo, Perkin, and Robinson (/., 1932, 769), 
and a consistent yield of about 76% was secured by a modification of procedure of isolation. After the 
removal of methanol and addition of water the alkaline solution was mixed with crushed ice and gradually 
acidified by acetic acid in a funnel with shaking with ether. In this way the formation of gummy 
by-product was avoided. 

(A). Methoxymethyldihydron^ostiychnine (5 g.) was dissolved in hot methanol (300 c.c.) and a small 
crystal of iodine added. The solution was allowed to evaporate in the air for a week. Gum was 
separated from the sparingly soluble crystalline crust by treatment with hot methanol, the solid was 
ccmected, and the filtrate allowed to evaporate again. By repetition of this process the yield was 1*8 g. 
The substance separated from pyridine-methanol as a jelly which became crystalline on warming. It is 
sparingly soluble in ethanol, and when the solutions were quickly cooled a gel was also formed ; on slow 
cooling, however, the substance separated as radiating cluster of fine needles, which shrank at 225°, 
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m, p. 276 — 277® on slow Seating. If heated rapidly the m. p. ranges from 230® to 240® (Found in material 
dried over sulphuric acid : C, 68*6; H, 7*1; N, 6*7; MeO, 11*3. CtsHttO4N2»0*6£tOH requires C, 68*7; 
H, 7*4; N, 6*7%; 1 MeO -f 0*6 EtO, Calc, as MeO, 11*1%). When ethanol was employed in this 
preparation no crystallisable product was obtained. The base dissolves slowly but completely in 
N -hydrochloric acid and is precipitated by the addition of sodium acetate. It forms a ^-nitrophenyl- 
hydrazone and a 2 : 4-dinitrophenylsemicarbazone, but neither of these derivatives could be crystallised. 
The former gave an intense orange-red coloration, blue-tinged in thin layers, on the addition of potassium 
hydroxide to its alcoholic solution. 

(B). Methoxymethyldihydron^ostrychnine (4 g.) was refluxed with methyl iodide (6 c.c.) and methanol 
(40 c.c.) for 3 hours and then shaken in contact with air for 10 days. The separated crystals (0*6 g.) were 
deposited from pyridine solution by the addition of methanol as a jelly which crystallised on keeping. 
This specimen softened at 222®, m. p. 276—277® (Found: C, 68*6; H, 6*9. C23H28O4N2,0’5MeOH 
requires C, 68-4; H, 7*3%). Recrystallised from ethanol (gel — ^ crystals) it was obtained in needles, 
softening at 240°, m. p. 276 — 277°, and mixed with the product from (A) it softened at 235®, m. p. 
276 — 277°. It is quite possible that the half molecule of solvent is in combination in the form 
— C(OR) — O — C(OH) — and that the variations of softening points are due to incomplete exchange 
of R by R'. When iodine (0*2 g.) was used in place of methyl iodide in this procedure, the yield was 
1-0 g. The p-nitrophenylhydrazone shrank at 130°, m. p. 165 — 167° (decomp.). Strychnine and methoxy- 
methyldihydron^ostrychnine immediately decolorise permanganate in very dilute sulphuric acid solution. 
Oxodihydromethoxymethyldihydroweostrychnine is very slowly attacked under these conditions. 

Reduction according to Clemmensen anorded a base, m. p. 261 — 262°, readily soluble in methanol, but 
the investigation of this substance has not yet been completed. 

Oxidation of Methoxymethyldihydroneostrychnine by Means of Ferric Chloride. — A cold solution of 
ferric chloride (3*3 g., anhydrous) in water (15 c.c.) was added to one of methoxymethyldihydrow^o- 
strychnine (3*8 g.) in n - hydrochloric acid (36 c.c.). After an hour the red solution was basified with 
ammonia, precipitating the base along with ferrous hydroxide. The whole was shaken with ethyl 
acetate (about 50 c.c.), filtered, and the ester layer separated and evaporated (2*6 g. of crystalline 
residue). The substance is very sparingly soluble in hot methanol or ethanol, readily soluble in dilute 
hydrochloric acid. It crystallises from chloroform on the addition of ether in small, flat needles, m. p. 
190° [Found : C, 70*9; H, 7*1; N, 7-3; M (Rast in camphor), 467. C40H52O7N4 requires C, 71*1; 
H, 7-2; N, 7*2%; M, 776]. The composition suggests a compound of oxodihydromethoxymethyl- 
dihydron^ostrychnine, C23H28O4N2, and methoxymethyldihydro««<?strychnine, CggHjeOsNa, but the sub- 
stance does not afford a ^-nitrophenylhydrazone and it gives no precipitate on the addition of ^-nitro- 
benzenediazonium chloride to an acid solution. Possibly it is an ether, and the composition C4eH„07N4 
(Calc: C, 71*3; H, 7*0; N,7*2%) is not excluded. 

Oxodihydroneostrychnine. — A hot solution of n^ostrychnine (8*35 g.) in l*5N-sulphuric acid (110 c.c.) 
was cooled to the room temperature and 0'2N-bromine water (260 c.c.) added in 4 to 5 portions with 
shaking, so that the yellow perbromide that separated was quickly decomposed. The white crystalline 
precipitate was collected after 15 minutes, washed with a little water, and dried in a vacuum desiccator 
(9-8 g.). The salt is a hydrohromide free from sulphate. Although very sparingly soluble in cold water, 
it dissolves readily on heating and forms supersaturated solutions. Crystallisation is best effected from 
concentrated solutions and seeding is necessary. The colourless, well-shaped prisms become deep red 
with shrinkage at 170° and gradually decompose on further heating (Found : C, 65*2, 66*0; H, 6*6, 
5*7; Br, 17*3, 18*7. C2iHa308N2,HBr,Ha0 requires C, 561; H, 6*6; Br, 17*8%). The free base was 
obtained as a chalky precipitate on addition of ammonia to a cold solution of the hydrobromide. It was 
collected, washed, and dried in a vacuum (7*5 g., ni. p. 80 — 140°). This product was dissolved in 
methanol (80 c.c.) and the solution concentrated to 15 — 20 c.c. when it separated in stellate clusters of 
transparent prisms (6 g.), m. p. 128° (decomp.) (Found: C, 69*1; H, 6*9; N, 7*4. C2iHa203Na,Me0H 
requires C, 69*1 ; H, 6*8; N, 7*3%). The solvent is lost slowly at 100°, more rapidly at near 120° (loss, 
7*6. Calc. : 8*3%). The solvent-free base has m. p. 190° and is hygroscopic (Found : C, 71*6; H, 6*4; 
N, 7*9. CaiHaaOsNa requires C, 72*0 ; H, 6*3 ; N, 8*0%). 

It is of interest that oxodihydron^ostrychmne can also be obtained, although in poor yield, by aerial 
oxidation of wf^ostrychnine in methanol containing iodine. A mixture of neostrychnine (3 g.), methanol 
( 120 c.c.) , and iodine (0*2 g.) was shaken for 9 days under air. Some nd?ostrychniue remained undissolved 
(1*8 g., m. p. 224 — 226°) and the filtrate was evaporated and the residue extracted with dilute sulphuric 
acid. Ammonia precipitated a white solid (0*6 g., m. p. 110° with frothing) and this was converted into 
the semicarbazone hydrochloride in the usual manner. The salt, when slowly heated, darkened at 240® 
and decomposed at 255°, and the behaviour was unchanged on admixture with the derivative prepared 
from oxodihydron^ostrychnine. The base is sparingly soluble in the simple alcohols but has a tendency 
to form supersaturated solutions. It is readily soluble in chloroform and can easily be crystallised by 
addition of ether to a concentrated solution. It is fairly soluble in dilute hydrochloric acid. A silver 
mirror is formed with ammoniacal silver nitrate after heating on the steam-bath for 10 minutes, and the 
base also reduces silver oxide in boiling alcoholic suspension, forming a miiror. It slowly reduces 
Fehling*s solution on heating. The Otto reaction (60% sulphuric acid) is a transient violet coloration 
changing to deep red and finally brown. The />-nitrophenylhydrazone is a yellow solid, the alcoholic 
solution of which becomes deep red on the addition of aqueous sodium hydroxide. Crystalline derivatives 
showing the presence of a carbonyl group have been prepared and analysed, but a description of these is 
reserved for a future communication. 

The authors are grateful to the Trustees of the Palit Fund> Calcutta Universily, for a Scholarship 
awarded to one of them (R. N. C.), and also to the University of Melbourne and the Carnegie Fund for a 
Travelling Scholarship and a Grant, respectively, awarded to another of them (K. H. P.). 
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305 . Strychnine and Brticine. Part XLVIII. Degradation of the 
Strychnineaoetic Acid 'prepared from Pseudoetrychnine, 

By K. H. Pausacker and Sir Robert Robinson. 

The alkaline degradation of strychnineacetic acid has been studied in the hope of supplying 
evidence in favour of one of the two structures discussed in Part XLII (Briggs, Openshaw, 
and Robinson, 1946, 903). One of the products should be 3- or 4'methylcarba2ole, and an 
unequivocal result would have been of great value. Actually the main constituent of tlie 
carbazole fraction was carbazole itself, but infra-red absorption analysis, carried out by Mr. 

R. E. Richards of the Physical Chemistry Laboratory, Oxford University, showed that 
3-methylcarbazole, but no 4-methylcarba2ole, was present in small relative amount. 

The carbazole from strychnine was found to contain a trace of 3-methylcarba2ole, and 
degradation of the product of interaction of oxodihydrow^ostrychnine and methylmagnesium 
iodide afforded a carbazole fraction containing 3-methylcarbazole and an unidentified substance. 

For the study of the infra-red absorption 1-. 2-, and 3-methylcarbazoles were prepared by 
known methods. 

4-Methylcarbazole does not appear to have been hitherto described and was synthesised 
without ambiguity from 4-chloro-m-tolylhydrazine by way of a related tetrahydrocarbazole. 

Carbazole was first obtained from strychnine by dry distillation and by heating with zinc dust 
(Lobisch and Schoop, Monatsh., 1886, 7, 614) ; by heating strychnine with soda-lime, Lobisch 
and Malfatti {ibid., 1888, 9, 626) obtained carbazole, skatole, and p-picoline. The formation of 
carbazole was confirmed by Clemo, Perkin, and Robinson (/., 1927, 1625), who decomposed 
methylstrychnine at 150 — 200°. Such drastic degradations affording aromatic compounds of high 
intrinsic stability are admittedly of problematic value in constitutional studies, but it occurred 
to us that the survival of a group introduced into the strychnine molecule would be significant. 

It is known that pseudostrychnine (hydroxystrychnine) contains lN(b)*C(OH)I (Blount and 
Robinson, 1932, 2305), and Leuchs {Bev., 1943, 76, 1068) showed that this base condenses 
with malonic acid to strychnineacetic acid, lN(b)*C*CKa*C 02 H, w^hich loses carbon dioxide with 
formation of methylstrychnine. 

Degradation of a crude product obtained in this way gave a carbazole fraction which on 
examination by the usual methods was found to contain methylcarbazoles in considerable 
relative amount (up to 40%). At this point we were fortunate to receive the valuable 
co-operation of Mr. R. E. Richards to whom we express our gratitude. He examined the 
infra-red spectra of carbazole and the four C-methylcarbazoles and noted the presence of certain 
characteristic bands. He also studied our degradation products and synthetic mixtures of 
carbazole and the various isomerides. The degradation product was found to contain from 
5 to 12% of 3-methylcarbazole, and 4-methylcarbazole was absent. 

As a control we degraded strychnine by the same method, and the infra-red analysis of the 
product showed that it was carbazole containing a little (<1%) 3-methylcarbazole. As the 

3- position is para to the imino-group it would not be surprising if a small amount of the 
homologue were synthesised by condensation reactions in the course of the pirocess. It was also 
shown that a mixture of 4-methylcarbazole and carbazole afford no 3-methylcarbazole under the 
conditions employed, although naturally it would never be feasible to eliminate the possibility 
of migration of groups at an earlier stage. 

Up to this point it seemed safe to conclude that N(b) is attached to position 3 of a partly 
reduced carbazole nucleus in the strychnine molecule. We hoped to clinch the matter by 
introducing a methyl group in a different position, and for this purpose selected oxodihydro- 
weostrychnine (see the preceding paper) as the starting point. This base probably contains 
lN(b)'C*CO', and reaction with methylmagnesium iodide should result in attachment of methyl 
to the p-carbon with respect to N(b). Hence the result of degradation was expected to be 

4- methylcarbazole (or 2-methylcarbazole) . The outcome was surprising since the carbazole 
fraction of the degradation product contained about 10% of 3-methylcarbazole as found by 
infra-red absorption analysis. Unidentified substances were also present. Now whatever 
the constitution of strychnine may be, it is anomalous that these two degradations should have 
given the same result. It is inescapable that migration must have occurred in one of the cases 
unless, indeed, the methyl group of 3-methylcarbazole does not arise from that introduced into 
the strychnine molecule. It will be seen that the clarity of an argument that could be 
developed is obscured by the necessity to exercise judgment in the interpretation of the results. 

Synthesis of 4i-Methylcarbazole. — ^According to Plancher and Carrasco [Roy. Acad. Lincei, 
1904, (V), 18, (i), 632, cited by Hollins, ** Synthesis of Nitrogen Ring Compounds, p. 168] the 
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Fischea: reaction applied to 3-metliykyc/ohexanone phenylhydrazone affords a mixture of 2- and 
4 -methyltetrahydrocarbazole; Borsche, Bothe, and Witte (AnnaUn, 1908, 859, 61) found only 
the 2-methyl derivative. (Owing to a special numbering system this is described as the 4-methyl 
derivative, but it gives 2-methylcarbazole on dehydrogenation.) To effect an unambiguous 
synthesis it was preferable to start with a #n-tolylhydrazine, and we blocked the 4-position by a 
chlorine atom. 

4 -Chloro-W'Z-toluidine (Gattermann and Kaiser, Ber., 1886, 18, 1600) was converted in the 
usual manner into the hydrazine and then into %-chloro-^-methyhl : 2 : 3 : 4:^tetrahydrocarhazole 



(I.) (11.) (HI.) (IV.) 


(1) by heating with dilute sulphuric acid; a by-product is discussed below. (I) was 
dehydrogenated by chloranil with formation of \-chloro-^-methylcarbazole and converted into 
dkrmeihylcarhazole (II) by heating with palladised charcoal in a stream of hydrogen. 

The by-product mentioned above contained a trace of clilorine and hence gave low results for 
carbon. It appears, however, to be C13H15ON. It was dehydrogenated by palladised charcoal 
to a substance Ci^HnON which gave sharp results on analysis. These curious compounds are 
devoid of phenolic character and do not form picrates. The constitutions (III) and (IV) are 
suggested provisionally. It is hoped that an opportunity to make a further examination of 
these substances will be found. 

Added in Proof {November 9th, 1947). — ^We now know that oxodihydroneostrychnine is a 
derivative of u//ostrychnine and is an aldehyde. The methyl introduced by the Grignard 
reagent is remote from the carbazole nucleus. Therefore the formation of 3-methylcarbazole 
is probably due to rearrangement or synthesis in the course of the degradation process. 

Experimental. 

Degradation of Strychnin eaceiic Acid. — ^Pseudostrychnine was prepared by the elegant method of 
Leuchs (Ber., 1940, 73, 734) who states that strychnine (100 g.) yields crude pseudostrychnine (41—43 g.), 
neutral product (10 — 16 g.), and unchanged strychnine (30—33 g.). Our experience of several runs is 
that the respective average figures are 64, 20. and 4. 

This crude pseudostrychnine (43 g.) was converted into strychnineacetic acid (Leuchs, loc. cii.) by 
condensation with malonic acid. The isolated perchlorate was powdered with animal charcoal and 
extracted with water in a Soxhlet apparatus (39 g.). On treatment with N-sodium bicarbonate solution 
(69 c.c.) and continuous extraction with chloroform, strychnineacetic acid (30 g.) was obtained. This 
was then heated in batches (6 g.) for 0-6 hour at 280 — 300°; a brown powder (26 g.) was obtained. 
Ixmchs (Ber., 1943, 76, 1069) claims that methylstrychnine can be obtained in 17 — 25% yield by this 
method. This was powdered in 6 g. lots with soda-lime (30 g.) and heated in a metal-bath at 380 — 400° 
for 1 hour. The distillate, a brown tar, was extracted with benzene, washed with acid and alkali and 
steam-distilled. After about 10 1. had distilled, no further volatile substances came over. The distillate 
was extracted with benzene, concentrated, and passed through an alumina column. The first washings 
were found to be light yellow and fluorescent in ultra-violet light. These were concentrated and the 
resultant cr>^stals were recrystallised from light petroleum (b. p. 60 — 80°). After sublimation in a high 
vacuum at 160°, a white solid (JO mg.) wa.s obtained. It had a faint indolaceous odour, m. p. 203 — 207° 
after shrinking at 199° (Founa: C, 86*0; H, 5*9; C-Me, 3*7%). On being kept in the air it became 
light brown. When this substance (3 mg.) was treated with picric acid (3-6 mg.) in benzene, a red- 
brown picrate, m. p. 156 — 162°, was obtained. The white solid dissolved in concentrated sulphuric 
acid to a very pale yellow solution which became ultramarine blue on the addition of a drop 
of concentrated nitric acid. When it was dissolved in alcohol and an acid solution of />-nitrobenzeae- 
diazonium chloride added, a bright yellow coloration developed. Infra-red measurements indicate that 
the mixture contains about 8 — 12% of 3-methylcarbazole along with carbazole. None of the other 
methylcarbazoles were detected bat a small amount of some impurity was also found to be present. 

The following experiments were made for comparative purposes. 

Carbazole. When recrystallised from benzene the specimen employed had m. p. 238° (Found : C-Me, 
0*86. Calc. : C, 86*2 ; H, 6*4 ; C-Me, 0*0%). The yellow solution in concentrated sulphuric acid became 
ultramarine blue on the addition of a drop of concentrated nitric acid. Its solution in alcohol became 
pale pink on the addition of an acidified solution of ^-nitrobenzenediazonium chloride. The picrate 
(bright red) had m. p. 183 — 184°; mixed m, p. with the unknown picrate, 157 — 160°. The melting 
points of mixtures of carbazole and 3-methylcarbazole, and of carbazole and 4-methylcarbazole are 
.shown below : 

Carbazole and Z-methy}Qarhazole. 

.... 4 16 27 38 62 62 79 89 95 

.... 200° 198° 198° 203° 210° 213° 220° 228° 234° 

.... 209— 199— 201— 206— 212— 214— 224— 231— 237— 

202° 201° 203° 207° 214° 217° 227° 233° 238° 


Carbazole, % 
Softening pt. 
M. p 



[1947] Strychnine and Brucine. Part XLVIII. 1659 

Carbasole and 4-methylcarbazole. 

Carbazole, % . . . . 4 13 24 36 63 62-5 76 87*6 94-6 

Softening pt IIO'* 110° 107° 117° 130° 176° 190° 224° 230° 

M. p 112— 113— 116— 140— 168— 198— 214— 228— 236— 

117° 117° 160° 174° 196° 220° 224° 232° 236° 


A mixture of the unknown with an equal quantity of a 3-methylcarbazole-carbazole mixture (60 : 40) 
softened at 198° and had m. p. 202 — 206°. 

3- Methylcarbazole, The specimen had m. p. 202° (Found : C-Me, 6-0. Calc. : C, 86-2 ; H, 6*1 ; C-Me, 
8*3%). It gave a colourless solution in concentrated sulphuric acid which turned emerald green upon the 
addition of a drop of concentrated nitric acid. Its alcoholic solution became faintly ydlow upon the 
addition of />-nitrobenzenediazonium chloride. The dark red picrate had m. p. 178 — 179° ; mixed m. p. 
with the unknown picrate, 166 — 168°; mixed m. ps. with carbazole picrate were 168 — 162° (33%, 
carbazole picrate), 160—164° (60%), 160—164° (66%). 

A mixture of carbazole (20 mg.) and 3-methylcarbazole (20 mg.) could not be separated by 
chromatography under the conditions employed. 

4'‘Methylcarhazole (Found: C-Me, 6-7%). The colourless solution in sulphuric acid became 
ultramarine blue on the addition of nitric acid. Its alcoholic solution gave a yellow-brown coloration 
with />-nitrobenzenediazonium chloride. 

From these results it appears that the degradation product contains a compound, affording acetic 
acid in the Kuhn-Roth estimation of side-chain methyl, other than the 10% of 3-methylcarbazole indi- 
cated by the infra-red analysis. The faint indolaceous odour and the colour reactions suggest that this 
may be an indole derivative, but the possibility of the presence of higher homologous carbazoles cannot 
be dismissed. 

The residue in the flask from the degradation reaction was found to contain a fluorescent acid 
substance. It gave the carbazole reaction with sulphuric-nitric acid but was obtained in such small 
quantity that further examination was precluded. When strychnine was distilled over soda-lime at 
400°, carbazole, m. p. 229 — 232°, could isolated in the manner described above. The specimen had 
the usual faint indolaceous odour and became light brown in colour on being kept for a few days. The 
infra-red spectrum showed strong carbazole bands at 846 cm.~^ and 857 cm.~^, a weak band at 810 cm."*^ 
(3-methylcarbazole, <1%). and a very weak band at 787 cm.~\ which was not found with carbazole or 
any of the four C-methylcarbazoles. A mixture of carbazole (60 mg.) and 4-methylcarbazole (40 mg.) 
was heated with soda-lime (30 g.) for an hour at 380 — 400°. The distillate was collected by means of 
acetone and sublimed, m. p. 192—217°; carbazole-4-methylcarbazole (62 6 : 37*5), m. p. 198 — 220°. 
Infra-red examination showed the presence of carbazole and 4-methylcatbazole, but the absence of 
S-methylcarbazole could not be categorically affirmed because 4-methy carbazole has a band at 812 cm.”^ 
in the vicinity of that of 3-methylcarbazole at 808 cm."'. However in the graph obtained there was no 
appreciable broadening of the 812 band towards 808. 

Pp-N{h)‘Hydroxymethyldihydroneostrychnine. — ^A Grignard solution was prepared from magnesium 
(13 g.), methyl iodide (23*6 c.c.), and ether (300 c.c.) ; after the addition of anisole (200 c.c.), the ether 
was distilled (bath at 100°). A solution of oxodihydroM^ostrychnine (28*5 g. of the base, 1 MeOH) in 
anisole (350 c.c.) was added and the whole heated for 6 hours at 100°. After being poured on ice, the 
product was extracted by dilute hydrochloric acid and the solution basified with ammonia (dried as a 
light yellow solid, 27*6 g.). A portion was crystallised from alcohol (charcoal) and from benzene-light 
petroleum (b. p. 80 — 100°) and obtained as prismatic needles, which shrank at 130°, m. p. 160° (decomp.) 
(Found : C, 72*6; H, 7*2. C^H^OaN, requires C, 72*1 ; H, 71%). This base (6 g., crude) was ground 
with soda-lime (25 g.) and distilled at 400°, and the product from five such batches was worked up in the 
manner already described. The carbazole fraction had m. p. 116 — 200°. The infra-red spectrum 
showed strong bands at 810 cm."' (3-methylcarbazole, ca. 10%), the carbazole bands at 845 cm."' and 
857 cm."', and a very weak band at 787 cm."' (see above). The absence of 4-methylcarbazole is not 
established owing to the possible swamping of its relatively weak characteristic bands by stronger 
neighbouring absorption due to carbazole and 3-methylcarbazole. The low m. p. suggests the presence 
of 4-methylcarbazole or of some other unidentifled constituent. 

4- Chloro-m-tolylhydrazine. — A hot solution of 4-chloro-m-toluidine (6*8 g.) in dilute hydrochloric acid 
(67 c.c. containing 11 c.c. of concentrated acid) was added to concentrated hydrochloric acid (107 c.c.), 
cooled to 0°, and diazotised by addition of sodium nitrite (3*2 g.) dissolved in a little water. The 
diazo-solution was poured into an ice-cold solution of stannous chloride (21 g.) in concentrated 
hydrochloric acid (26 c.c.). After an hour at 0° the mixture was kept for 12 hours at the room 
temperature, the solid collected, washed with saturated brine, and triturated with a solution of sodium 
hydroxide (17 g.) in water (60 c.c.). The base was collected, washed with water, and dried (3*8 g. or 
69%). The substance crystallised from water in needles, m. p. 61° (Found : C, 53*6; H, 5*6. C 7 HpN,Cl 
requires C, 63*7; H, 6*8%). A mixture of cyc/ohexanone (2*4 g.), 4-chloro-m-tolylhydrazine (3*6 g.), 
and ethanol (10 c.c.) was refluxed for an hour and added to water. The product was isolated by means 
of ether (yield, 4*8 g.), and it crystallised from alcohol in plates, m. p. 68°. 

The crude cyr/ohexanone 4-chloro-w-tolylhydrazonc (from 5*7 g. of chlorotolylhydrazine) was boiled 
with a mixture of concentrated sulphuric acid (10 c.c.) and water (90 c.c.) for 5 minutes ; chloride ion was 
detected in the aqueous solution. The red oil was extracted with ether leaving a pink solid (0*36 g.) 
which crystallised from alcohol in dark red needles, m. p. 195 — 197° (decomp.), and contained nitrogen 
and chlorine (Found : C, 66*0 ; H, 4*9 ; N, 8*1%). The nature of this compound has not been discovered. 
The oil from the ethereal extract was distilled, b. p. 222 — 223°/20 mm. (6*7 g.), and treated with light 
petroleum (b. p. 40 — 60°). An insoluble white solid residue (0*7 g.) crystallised from aqueous alcohol 
(charcoal) in white needles, m. p. 199 — 201° (decomp.) [Found : C, 76*8; H, 7*4; N, 6*9; M (Rast in 
camphor), 220. Ci 8 Hi 50 N requires C, 77*6 ; H, 7*6 ; N, 7*0% ; M, 201]. The low percentage of carbon 
found is due to a trace of chlorine the presence of which was shown by the Beilstein test. This compound 
6h 
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(A) will be further examined. The light petroleum solution was concentrated and afforded 6*0 JS- of a, pale 
yellow solid. Eecrystallisation from aqueous ethanol gave colourless needles, m. p. 64*6^ (Fbund : C, 
70-4; H, 6*6. CuHi 4 NCl requires C, 71-0; H, 6-4%). When the specimens of this 8-cWon>-6-w^%f- 
1:2:3: ^-tetrahydrocarhazoh (1) were examined after a lapse of months, in order to repeat the analysis, 
it was found that they had decomposed with formation of dark resins. 

^Methylcarbazole (II).-— Chloromethyltetrahydrocarbazole (0*6 g.) and palladised charcoal (0*16 g.) 
were heated (bath at 280 — 300*’) in a stream of hydrogen ; evolution of hydrogen chloride ceased after 2 
hours. 

The mass was extracted with acetone and the methylcarbazole precipitated by addition of water 
(0*38 g.). The compound crystallised firom aqueous ethanol as small white needles, m. p. 115—110^ 
(Found : C, 86-8; H 6-2. requires C, 86*1; H, 6*1%). ThepicraU, m. p. 160*6®, separated 

from benzene in red needles (Found : C, 66*0; H, 3*6. Ci^j 407 N 4 requires C, 66*6 ; H, 3*4%). Other 
properties of 4-methylcarbazole are mentioned above. 

When the compound (A), C^HijON, was similaxly ddiydrogenated, 0*33 g. gave 0*25 g. of solid 
material. This crystallised from aqueous ethanol as white needles, m. p. 262® (decomp.) [Found : C, 
79*2; H. 6*8; N, 7*2; M (East in camphor). 196. CuHuON requires (5, 79*2; H, 6*6; N, 7*1%; M, 
197]. This substance is isomeric with a methylphenoxazine, but phenoxazine has m. p. 166® and 
2~methylphenoxazme has m. p. 123 — 126®, so that it is unlikely to be 3>methylphenoxazine. The only 
alternative we can suggest is. (IV) whence the tetrahydro-derivative (A) should be (III). The stability 
of these substances is noteworthy. 

l-CA/ofa-4-iM«My/car5azo/e.— Chloromethyltetrahydrocarbazole (1*6 g.) was oxidised by chloranil in 
xylene according to the method of Barclay and Campbell (/., 1946, 530). The resultant dark oil afiorded 
a picrate (2*1 g.) which crystallised from benzene in dark red needles, m. p. 164*6® (Found : C, 61*7; 
H, 3*3. Ci,Hij 07 N 4 C 1 requires C, 61*3; H, 2*9%). The chloromethylcarbazole crystallised from 
aqueous ethanol in slender, white needles, m. p. 70° (Found : C, 71*6; H, 4*4. Ci*HiaNC 1 requires C, 
72*4; H, 4*7%). 

The authors thank the University of Melbourne for a travelling Scholarship and the C^amegie Fund 
for a grant awarded to one of them (K. H. P.). 
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306, Thermal Decomposition of Explosives in the Solid Phase. Part I. 
The Thermal Decomposition in a Vacuum of Certain Mono- and Di- 
nitrohenzenediazo-oxides, vnth a Note on the Kinetics of Thermal 
Breakdoum of 2-Nitrobenzene-4:-diazo-l-oxide. 

By J. Vaughan and L. Phillips. 

The rates of decomposition, in a vacuum, of certain nitrobenzenediazo-oxides have been 
studied between 60° and 120°. Under these conditions mononitrobenzene-2-diazo-l-oxides 
appear to be less stable than the corresponding 4-diazo-l-oxides. A similar conclusion applies 
to the dinitrobenzenediazo-oxides. This is probably due to restricted resonance in the 
2 : 1-diazo-oxides owing to proximity of electiostatic charges. Substitution of nitro-groups in 
positions o- or p- to the oxygen atom in 2 : 1-diazo-oxides leads to an increased stability ; 
substitution in the w-position appears to be without effect. Similar effects are observed with 
o-substitution on the 4 : 1-diazo-oxides. These effects can be explained on electronic 
considerations. The kinetics of thermal decomposition of 2-nitrobenzene-4-diazo- 1-oxide have 
been investigated. The results are in agreement with the theory of solid-phase decomposition 
put forward by Prout and Tompkins {Trans. Faraday Soc„ 1944, 40, 488). 

The following five aromatic diazo-oxides were examined for thermal stability characteristics 
4- (I) and 6-nitrobenzene-2-diazo- 1-oxide (II), 2-nitrobenzene-4-diazo- 1-oxide (III), 4 : 6-dinitro- 
benzene- 2-diazo- 1-oxide (IV), 2 : 6-dmitrobenzene-4-diazo- 1-oxide (V). 

The method used for following the progress of decomposition was essentially that described 
by Farmer (/., 1920, 117, 1432) in which the compound was allowed to decompose in a vacuum 
and the course of breakdown followed by means of the gas evolution-time curve. The 
temperature range covered was 60 — 120®, and the curves obtained in all cases were sigmoid in 
shape. Addition of the solid end-products did not result in any acceleration of the breakdown, 
and the gaseous products were also without catal 3 rtic effect. The gaseous products of 
decomposition of these diazo-oxides consist mainly of nitrogen, nitric and nitrous oxides, and 
carbon dioxide. Since the nitro-groups of mono- and di-nitrobenzene are comparatively stable 
at temperatures below 120°, the main process in the thermal decomposition of these diazo-oxides 
would seem to be fission of the diazo-nitrogen, together with some slight secondary reactions 
depending on the temperature of decomposition. The failure in all cases to obtain 1 mol. of 
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nitiogeii per mol. of diasco-oxide indicated that some coupling may have occurred with the 
formation of a relatively stable product. 

Of the mononitrobenzene diazo-oxides, the 2*diazo-l -oxides (I) and (II) were considerably 
less stable thermally than (III), a 4-diazo- 1-oxide. This characteristic was also demonstrated 
by the behaviour of the dinitrobenzene compounds, (V) being more stable than (IV). Results 
also pointed to the following facts : {a) when a nuclear nitro-group is in an o- or ^-position to the 
oxygen of the diazo-oxide grouping, a stabilising effect is exerted on the molecule; (6) a 
nitro-group in the w-position appears to be without effect on the stability ; (c) the presence of 
two nitro-groups situated as in (a) leads to a stabilising effect greater than that exerted by 
only one such group. 

For many years there was considerable doubt as to whether these internal diazo-oxides had a 
quinonoid structure (VI) or contained an oxide ring (VII). It is, however, now evident that 
neither of these structures is correct and that the properties of such compounds are best explained 
on the basis of resonance hybrids, as in (VIII). This argument is review^ed by Hodgson and 



Marsden (/. Soc. Dyers CoL, 1943, 59, 271), who point out that such a resonating system explains 
the superior stability of the diazo-oxides over the diazonium compounds. Thus the diazo-oxides 
are stabilised by their resonance energy, whilst the diazonium salts, not being resonating systems 
in this sense, are not stabilised in this manner. 

Compounds (I), (II), and (III) can therefore be represented structurally by the general 
formulae shown in (VIII). The resonating energy of such systems is, by definition, greatest 
the greatest degree of stability is obtained) when both hybrids contribute equally to the 
equilibrium state of the molecule. Now in the ionised form of the 2 : 1-diazo-oxides, the 
negatively charged oxygen and the positively charged nitrogen are sufficiently close to set up an 
appreciable electrostatic attraction, so much so that resonance is probably to some extent 
inhibited. Consequently, the ** ionised ** form will preponderate, with the result that the 
resonance energy assumes a comparatively small value. 

On the other hand, resonance in the 4 : 1-diazo-oxides should not be restricted to such an 
extent because of the greater separation of the electrostatic charges in the ionised form. 
Consequently, the resonance energy and therefore the stability of the 4 : 1-diazo-oxides should 
be greater that that of the corresponding 2 : 1-diazo-oxides, as has been found to be the case with 
(I), (II), and (III). Further support for this theory is afforded by the fact that (II) is less stable 
than (I) . Both compounds are 2 : 1-diazo-oxides, the only difference being that the nitro-group 


is respectively in the m- and the ^-position. Now, according to the electronic theory of organic 
reactions, developed by Ingold et al., the nitro-group is an electron-attracting 
\i\ ©__ group which exerts mesomeric effects in aromatic compounds. This effect would 

be expected to operate to reduce the fractional negative charge on the oxygen 
atom of the ionised form of (I), as m (IX), thereby decreasing the electrostatic 
fix ) between the ionised groups. The contribution to the equilibrium 

* ' state made by the non-ionised form therefore increases with consequent increase of 
resonance energy and therefore stability. Since this mesomeric effect cannot operate from a group 
in the w-position, (II) should be less stable than (I). This relative instability in (II) is enhanced 
by the fact that the nitro-group in (II) is in the '^-position to the diazo-group. The electron- 
attracting nature of the nitro-group will tend therefore to increase the positive nature of the 
diazo nitrogen and will thus inhibit resonance by favouring the ionic ” structure of the molecule. 

Introduction of a second nitro-group into the position ortho to the oxygen (where 
the mesomeric effect can again operate) should tend further to reduce the fractional charge on 
the oxygen atom. If the major contribution made to the stable structure before introduction 
of this second nitro-group stiU comes from the “ ionised ** form, this second nitro-group should 
tend to increase stability by bringing the stable structure nearer to the optimum condition, i,e. 
reducing the " amount of ionised form. Conversely, it follows that if the introduction of a 
second nitro-group ortho to the oxygen atom in a mononitrobenzenediazo-oxide results in an 


increased stability, the ** ionised ** form must preponderate in the latter structure. Thus the 
fact that (IV) is more stable than (I) confirms that the *' ionised " form of the latter preponderates 
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in the stable structure. Similarly, the fact that (V) is more stable than (III) indicates that, 
although (III) is more stable than (I), the ionised form still makes the greater contribution to the 



relatively stable (III) structure. The destabilising effect of the adjacent charges in the 
2 : l-diazo-oxides is again illustrated by the fact that (IV) is less stable than the corresponding 
4 : 1-diazo-oxide (V). 

Kinetics and Mechanism of the Thermal Decomposition . — Investigation of the kinetics and 
mechanism of the thermal decomposition of nitrobenzenediazo-oxide was not the main object of 
this work. Attempts at kinetic interpretation have only been made, therefore, where data of 
sufficient accuracy are available. Furthermore, secondary processes other than elimination 
of diazo-nitrogen played a large part in the decomposition of dinitrobenzenediazo-oxide, so the 
kinetics were very complex. Satisfactory data were, however, available for compound (III) , 

The decomposition of all compounds studied in the present investigation is characterised by 
sigmoid volume-time curves, and microscopic examination of decomposition products indicates 
that decomposition probably occurs in the solid phase without the incidence of partial melting 
which can result in autocatalytic reactions. , Considerable work has been carried out by Gamer 
and other investigators during the last, 15 years on the kinetics and mechanism of thermal 
decomposition in the solid phase. The position has been reviewed by Gamer (Trans, Faraday 
Soc,, 1938, ** Symposium on Solid Phase Reactions ” ; Science Progress, 1938 — 39, 88, 209), and 
more recently by Prout and Tomkins {}oc, cit,), whose treatment of the problem appears to be 
most complete. Agreement is general that decomposition in the solid phase is initiated at 
nuclei which are situated mainly at the crystal surface, at lattice imperfections, i.e,, where a 
strain exists, these nuclei being regarded in the widest sense as molecules whose decomposition 
is highly favoured, i.e,, of lower activation energy. The mechanism postulated by Prout and 
Tompkins (loc, cit.), which differs somewhat from that of Garner, is briefly as follows : The 
surface array of product molecules, which in general have a different unit cell from that of the 
original substance, sets up strains in the crystal surface which are relieved by formation of cracks 
(not Smekal cracks, which are produced to relieve strain in the original crystals, i.e,, they are a 
property of the crystal itself). At the mouths of these cracks, decomposition will be favoured 
because of lattice imperfections ; reaction therefore spreads down these crevices into the crystal. 
Covering of the surfaces of these cracks now produces lateral strains which ultimately lead to 
further cracking from the inner surface. Thus a series of “ branchings ** will occur and planes 
of strain will be formed, and along these planes the deformation effect of the product on the 
electronic structure of an adjacent molecule of unreacted substance will be a maximum and 
decomposition will be favoured. A chain-like reaction develops, which, however, becomes 
subject to interference since, when a plane of product molecules is encountered, the chain is 
broken. By a mathematical consideration of their proposed mechanism Prout and Tompkins 
derived the relationship 

-P)^ -h 0^ 

where p is the pressure at a time t, pf the final pressure, and ki and Cj are constants. This 
equation should hold from the start of appreciable interference with the branching process 
(i,e., from the early stages of the reaction) to near the inflexion point of the p-t curve, after which 
the equation 

^ogi^PliPf -P) ^ ht + c, 

should hold until the end of the reaction is approached. The graph of fog pl(pf p) against t 
should therefore be two straight lines inclined at an angle to each other. The application of 
these equations to compound (III) is illustrated in Fig. 3, where log vj(v^ — v) has been plotted 
against t. The values obtained for ki and at various temperatures are given below : 



(sec."'*), 
and mean. 

Wkt (SCC.-1), 


10**1 (sec.-‘), 
and mean. 

10**, (sec._>; 
and mean. 
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Temp. ® 

90-9*’ 
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99- 1 
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The duplication of values of ^ 2 is good, but that with is sometimes not very good, owing 
probably to the relative inaccuracy of pressure recordings during the final period of reaction. 
Fig. 4 shows the plot of log and log against 1 jT (where T is the absolute temperature) . The 
slopes of the two lines are almost identical, each giving an activation energy of 36*5 k.-cals. per 
mol. This indicates that the reactions in both stages are identical, thus supplying further 
evidence in favour of the theory advanced by Prout and Tompkins. Ihe equations derived by 
these authors have been used in the interpretation of the volume— time curves obtained from the 
thermal breakdown of other explosives, and it is hoped to communicate the result of some of 
this work in the near future. 

Experimental. 

The method and apparatus used for following the progress of decomposition were essentially those of 
Farmer {loc, Gas analyses were carried out by a method developed at Bristol University, for details 

of which we are indebted to Dr. C. E. H. Bawn. This comprises separation of the gases by fractional 
condensation, followed by analysis of the individual fractions. Fractionation and subsequent analyses 
were carried out in the absence of air, the gases being pumped off by means of a Toe^er pump and 
measured dry. The main fractions obtained were as follows : Fraction I, gases volatile (in a vacuum) 
at — 186®, comprised Oj, NO, Hg, CO, and CH 4 ; Fraction IT, gases volatile at — 120®, comprised CO, 
and NgO ; the residue consisted of organic vapours, NO,, etc. The individual fractions were analysed by 



accepted chemical methods. The pure samples of diazo-oxidcs were prepared and supplied by Dr. T. ^I. 
Walters of this Department. They were dried in a vacuum over potassium hydroxide and phosphoric 
oxide before use. Compounds (I) and (II) were photosensitiv^e and had, therefore, to be dried in the dark. 
Detailed results obtained were as follows. 

(a) 4^-Nitrohenzene-2-diazo-l-oxide (I). — Thermal decompositions were carried out at 50®, 60®, 70®, 
and 80®. The gas evolution-time curves were sigmoid in shape (Fig. 1) and decomposition had practically 
ceased when ca. 0*8 mol. of gas per mol, of (I) had been given off. The gases evolved on complete 
decomposition at 80® corresponded to 0-84 mol. per mol. of (I) and comprised N,, 89*9 ; NO, 0-7 ; CO,, 8*9 ; 
NgO, 0*5%. It is assumed that the nitrogen is mainly derived from the diazo-group because it is w^ell 
known that simple aromatic mononitro-compounds are quite stable below ca. 120®. The main reaction 
involves fission of the diazo-nitrogen, together with a small amount of breakdown of the benzene nucleus. 
Analysis of the gas at about half-decomposition indicated that the reactions involved are probably the 
same throughout the decomposition. Decomposition of (I) to which had been added 10% by weight of 
the reddish-black decomposition residue showed that the end-product is not a catalyst for the reaction 
and, as would be expected, the volatile products of decomposition were found to be without effect on the 
characteristics of the breakdown. For decomposition of 0*1 g. at 60®, 70®, and 80®, the times required 
for evolution of half the final gas volume were approx. 71, 17, and 4J;, hrs., respectively. It appears, 
therefore, that the temperature coefficient of the reaction over this temperature range is 3*6 — 4 per 10®. 
Thermal decomposition does not involve complete elimination of diazo-nitrogen ; «.g., at 80® only 0*76 
mol. (or 1*62 atoms of N) are obtained. The blackish-red colour of the residue and the very intense red 
colour produced in acetone solution suggest that some coupling had occurred to form a comparatively 
stable product. 

(b) ^Nitrohenzene-2-diazo-\-oxide (II). — Typical volume-time curves for thermal breakdown at 60® 
and 70® are shown in Fig. 2. The rate of thermsd decomposition was appreciably greater than that of 
(I) as is shown by the fact that at 70® the times for evolution of i mol. of gas per mol. of (I) or (II) were 
20*2 and 0*6 hrs., respectively (0*1 g. tested in each case). The volume time curv'e at 60® is sigmoid. 
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although not as markedly so as with (I), probably owii^ to the slow deoompositioa of the latter at this 
temperature. Complete decomposition at 70® gave P‘77 mol. of gas/mol. of (II), and the compositioxi of 


Fig. 2. Fig. S. 



6‘-Niirobenzene-2-diazo-l-oxide. 2-Nitrobenzene~4:-diazo-l-oxide at 99*1®. 


this gas was : N^, 92*0 ; COj, 7*1 ; NjO, 0-3 ; NO, 0*6%. After partial decomposition, the composition 
of the gases evolved was practically the same, indicating that the same main reaction is occurring tiirough- 

out the decomposition. Of the original diazo>nitrogen 
Fig. 4. only 0-71 mol. (1‘42 atoms of N) is eliminated. As with 

(T), it is probable that some coupling takes place with 
the formation of a comparatively stable product con- 
taining the residual diazo-nitrogen. 

(c) Z-NitrobenzeneA-diazo-l-oxide (III). — ^Therma 
decompositions were conveniently carried out in the 
range 90 — 120® and sigmoid volume-time curves were 
obtained (Fig. 3). On “ complete decomposition at 
120°, 1*09 mols. of gas per mol. of (III) were eliminated ; 
the composition of these gases was : N^, 90*0 ; N^O, 1*0 ; 
COj, 7*6; CO, 1*4%, indicating that approximately 0*99 
mol. of diazo-nitrogen is eliminated per mol. of (III). 
From comparison of the time taken to evolve J mol. of 
gas per mol. of (III), a temperature coefficient of 3*6 — 
4 per 10°, for the range 90 — 110°, was obtained. 

(d) 4:6- Dinitrobenzene - 2 - diazo - l-oxide (IV). — 
Thermal decompositions were studied in the range 

10 /T. 110 — 120°; typical sigmoid volume-time curves are 

shown in Fig. 6. The amount of gas evolved on 
complete " decomposition is about 1 } mol. per mol. of (IV), i.e., far greater than can be accounted for by 
elimination of the diazo-nitrogen. The composition of the gases was : Ng, 61 -6; NO, 3*0; NgO, 4*0; 



Fig. 5. 



Time , hours 

2 : ^Dimirohenzene^4rdiazo*l^oxide. 
4 : ii-Din%tfobenzene-2-diazo-\-oxide» 


CO, 2*5; COg, 28*0%, together with a trace of organic vapours; these results indicate that some 
breakdown and rearrangement of the benzene nucleus occurs, in addition to loss of diazo-nitrogen. 
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(e) 2 : ^•‘Dinitrchenzin$->^-^di€a(h\*oxide j[V). — ^The characteristics of thermal decomposition are similar 
to those of (IV) and the sigmoid volume-time curves obtained are illustrated in Fig. 5. Compound (V) 
is, however, considerably more stable than {IV) ; e.g,, 1 mol. of gas is evolved per mol. of (V) in ca, 121 
his. at 120^, whilst under fhe same conditions (IV) evolves this amount of in 18 hrs. More gas is 
evolved on complete decomposition than can be accounted for by elimination of diazo-nitrogen, and, 
as with (IV), analysis of this gas indicates that partial breakdown of the benzene nucleus occurs. 

The authors wish to express their thanks to the Chief Superintendent, Armament Research, for 
permission to publish these results. 

Armament Research Department, 

Ministry of Supply. [Received, January 21st, 1947.] 


307. Studies in the Terjaenes. Part 1. A Synthesis of 
dl-2 : 2 : S-TrimethylcyGlohexane-l-carboxylic Acid. 

By R. N. Chakravarti. 

Manasse and Samuel’s keto>acid, obtained by the rearrangement of camphorquinone, was 
previou^y reduced by the author to a saturated acid, CjoHigOj, the structure of which has now 
been hnally settled by a direct synthesis. It has also been found that methyl 2-methykyc/o- 
pentan-l-ol-l-carboxylate leads to a mixture of 2:2: 3-trimethyl- and 2:2: 6-trimethyl- 
cycloYiexsJiousi by pinacolic change. 

In their classical researches on the action of concentrated sulphuric acid on camphorquinone, 
Manasse and Samuel {Ber., 1897, 30, 3157; 1902, 85, 3831) obtained a dextrorotatory acid, 
CjoHnOj, which was found to have the structure (I) or (II). Of these (II) was preferred as the 
substance failed to given an tsonitroso-compound (Gibson and Simonsen, 1925, 127, 1296). 
Later researches on the action of bromine on the keto-acid, however, revealed that it should 
be represented as d-2 ; 2 : 3-trimethykyr/ohexan-4-one-l -carboxylic acid (I) (Bhagvat and 
Simonsen, /., 1927, 77; cf. Bredt-Savelsberg, Zaunbrecher, and Knieke, Ber., 1927, 1801). 


CHMe CO CHMe 



The if /-modification of this acid was prepared in an analogous manner starting from 
if /-camphorquinone (Chakravarti, J, Indian Chem. Soc., 1943, 20, 301). The first clear evidence 
for the presence of a ketomethylene grouping in the molecule was supplied by the author [loc. 
cit.) when it was found that the corresponding ethyl ester (as I) readily reacted with ethyl 
oxalate in presence of sodium ethoxide, leading to the formation of an oxalyl derivative. It 
was also noted that the inactive keto-acid on reduction with amalgamated zinc and concentrated 
hydrochloric acid gave an acid, CioHigOg (Chakravarti, loc. cit. ; see also Experientia, 1947, 3, 
27), which, on the basis of formula (I) for the keto-acid, should be represented as 
if/-2 ; 2 : 3-trimethylrydohexane-l-carboxylic acid (III). Additional support for the correctness 
of structure (III) for the reduced acid was afforded by the dehydrogenation of the corresponding 
methyl ester with selenium to give a mixture of o-xylene and o-xylene-3-carboxylic acid. 

While experiments are in progress for a complete synthesis * of the keto-acid (I), it has now 
been possible to confirm the structure of the reduced acid as (III) by the following unambiguous 
synthesis. 

Methyl 2-meihylcyc\opentan-l-oU\-carboxylate (IV) was allowed to react with excess of 
methylmagnesium iodide (cf. Meerwein and Unkel, Annalen, 876, 162; Chakravarti, J. Indian 

♦ A partial synthesis of the keto-acid (I) has already been described (Chakravarti, loc. cit.). The 
claim of Guha and Das^upta (/. Indian Inst. Set., 1939, 22A, XX, 266) for a complete synthesis of this 
keto-acid cannot be justified, as the properties of the synthetic acid described by them are 
wholly inconsistent with those of the ^/-modification of the acid prepared from <//-camphorquinone. 
The reason is obvious, since, owing to their wrong method of preparation, the product used by them as 
ethyl a-cyanoglutarate consisted almost wholly (more than 90%) of ethyl y-cyanopentane-ayc- 
tricarboxylate (cf. Perkin, 1904, 85 » 417; Ruzicka, Borges de Almeida, and Brack, Helv. Chitn. Acta, 
1934, 17, 183). 

For a conversion of santenonequinone into 2 : 3-dimethykyc/ohexan-l-one-4-carboxylic acid and a 
complete synthesis of the latter, see Chakravarti, /. Indian Chem. Soc., 1944, 21, 319, 322. 
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Chem. Soc,, 1943, 20, 398) to give the pinacol (V). This, on distillation with an aqueous solution 
of oxalic acid, gave a mixture of the isomeric trimethyk^yey/uhexanones (VI) and (VII) by 
{^acolic change (cf. Meerwein and Unkel, loc, ciL) together with a little non-ketonic product, 
possibly a mixture of unsaturated hydrocarbons formed by the simple process of dehydration 
of (V). 



HMe 

(OHj-COjMe 

(IV.) 


CH, 

dH, 9HMe 
CHj— C(OH)-CMet-OH 


(V.) 


CHa 

CH, CO 
(VI.) 


CHMe 



(VII.) 


2:2: 3-Trimethykyc/ohexanone (VII) had been previously obtained together with 
2:3: 6-trimethykyc/ohexanone by methylation of 2 : 3-dimethykyc/ohexanone with sodamide 
and methyl iodide (Cornubert and Maurel, Bull. Soc. chim., 1931, 49, 1620), The pure ketone 
(VII), however, was not obtained, but its presence in the mixture was proved by the isolation 
of a benzylidene derivative. The inactive modification of the other ketone, 2:2: 6-trimethyl- 
cy^;/ohexanone (VI), was isolated from oil of labdanum by Masson (Compt. rend,, 1912, 154, 618), 
who characterised it by the preparation of a semicarbazone, an oxime, and a monobromo- 
derivative. 

In the present instance, the two ketones w^ere separated from the mixture by condensation 
with ethyl oxalate in presence of sodium ethoxide ; according to expectation, only 
2:2: 3-trimethyky^/ohexanone (VII) furnished an oxalyl derivative (VIII). This oxalyl 
derivative was separated from the neutral matter, and from the latter a semicarbazone was 
prepared which on hydrolysis with dilute hydrochloric acid gave pure 2:2; 6-trimethykyc/o- 
hexanone (VI). This gave an oxime, and in carbon disulphide solution reacted with bromine to 
give a monobromo-derivative. 

The oxalyl derivative (VIII) on prolonged boiling with concentrated hydrochloric acid gave 
2:2: ^•trimethylcyclohexanone (VII) {semicarbazone, benzylidene derivative). (VII) combined 
almost quantitatively with hydrogen cyanide in presence of a trace of alkali to give a crystalline 
cyanohydrin (IX), which was smoothly dehydrated \vith excess of phosphorus oxychloride and 
pyridine to \-cyano-2 : 2 : 34rimethylcyclohex-^-ene. This, unlike similar nitriles, was unchanged 
by prolonged boiling with concentrated hydrochloric acid (cf. Chakravarti, /. Indian Chem. Soc., 
1943, 20, 246, 401) or with aqueous or alcoholic potassium hydroxide (cf. Cook and Linstead, 

1934, 969; King and Robinson, 1941, 467), but was hydrolysed by 50% sulphuric acid to 
2:2: Z-trimethylcyc\ohex-(S-ene-\-carhoxylic acid (XI). 


CHMe 
CH, CO 

^cii-co-co,Et 

(VIII.) 


CHMe 

CH, ^Me, 

CH, C(OH)<CN 

(IX.) 




CHMe 
\ 

CMcg 
CHa C*CN 

(X.) 


CHMe 

C'Hj'VMe, 

CH, C-CO.H 

\i ' 

(XI.) 


Catalytic hydrogenation of the unsaturated acid (XI) in acetic acid solution in presence of 
Adams’s catalyst gave the desired acid (III) (^-phenylphenacyl ester). 


Experimental. 

2-Methylcyc/opentan-l-ol-l-carboxylic acid (as IV) was prepared by the method of Wallach (Annalen, 
414, 314) with some useful modifications. 

The bromination of 2-methykyc/ohexanone was carried out under the conditions described by Wallach. 
After the bromination was complete, however, the acetic acid solution was poured on crush^ ice with 
stirring. The dibromo-ketone separated out as a viscous liquid, which soon solidified. It was filtered 
off at the pump amd washed well with water. The crude product appeared to be rather unstable, as it 
darkened on keeping, and was always immediately decomposed with alkali in the following way. 

The crude dibromo-ketone as obtained from 11*2 g. of 2-methylcyc/ohexanone was treated with a 
solution of potassium hydroxide (30 g.) in water (76 c.c.) with shaking, when it readily went into solution 
with evolution of much heat (some cooling under the tap is necessary as otherwise the product may 
darken). The solution was gently refluxed on a sand-bath for 46 minutes and then cooled and extracted 
twice with ether to remove some neutral matter. The alkaline solution was cooled and acidified, when 
the hydroxy-acid (as IV) separated as a crystalline solid (10-6 g.). The filtrate was saturated with salt 
and extracted with ether, when a further quantity (about 2 g.) of the acid was obtained. The total 
yield was directly converted into the methyl ester with methyl alcohol and sulphuric acid. Methyl 
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2-methylcyclopentan-l-ol-l-carboxylate (IV) was obtained as a colourless liquid (12 g.). b. p. 94®/20 mm. 
(Found : C, 60*4; H, 8*6. requires C, 60*7; H, 8-8%). 

The Pinacol (V). — A. solution of methyl 2-methylcyc/opentan-l-ol-l-carboxylate (15*8 g.) in dry ether 
(25 c.c.) was added dropwise with thorough mixing to an ice-cold solution of methylmagnesium iodide 
prepared from methyl iodide (26 c.c.) and magnesium (9*6 g.) in ether (76 c.c.). After being kept 
overnight at the room temperature, the mixture was refluxed on the water-bath for 11 hours with frequent 
shaking. The product was well cooled and cautiously decomposed with ice and dilute sulphuric acid. 
The ethereal layer was separated and the aqueous layer repeatedly extracted with more of the same 
solvent. The extract was washed with dilute sodium hydroxide solution to remove traces of iodine, and 
dried (NaaS 04 ). The oily liquid obtained after the removal of ether gave the pinacol (V) as a mobile 
liquid with a strong camphor-like odour (14 g.), b. p. 110®/19 mm. (Found : C, 68*1 ; H, 11*5. CjHigOj 
requires C, 68-3; H, 11*4%). 

Action of Hot Aqueous Oxalic Acid on the Pinacol (V). — ^The above product (41 g.) with a 10% aqueous 
solution of oxalic acid (400 c.c.) was distilled slowly from a flask on a sand-bath. The level of liquid in 
the flask was kept constant by adding water through a tap funnel as the distillation proceeded. The 
heating was stcmped when there were no more oily drops coming over with the distillate. The total 
distillate (ca. 600 c.c.) was extracted with ether. The ethereal extract was dried (KjCOg) and the 
solvent was evaporated. The liquid remaining, on distillation, gave a mixture (36 g.), b. p. 170 — 200®. 

This mixture (21 g.) was mixed with ethyl oxalate (22 g.) and added dropwise during 2 hours with 
shaking to a solution of sodium (3*5 g.) in absolute alcohol (45 c.c.) cooled in a freezing mixture. It was 
then kept overnight. The product was worked up by adding ice-water and extracting the alkaline 
solution with ether. From the ethereal solution about 7*5 g. of the neutral unchanged matter (A) were 
recovered, b. p. 166 — 190°. The aqueous alkaline solution was acidified with ice-cold dilute sulphuric 
acid and the separated oil taken up in ether. The extract was washed with water, and then, after 
evaporation of the solvent, gave the oxalyl derivative (VIII) as an oil (18 g., containing traces of the 
solvent). 

The neutral matter (A) obtained above, after distillation, was heated with semicarbazide acetate in 
aqueous alcohol. On cooling, the semicarbazone of 2 : 2 : 6-trimethyky^;/ohexanone separated (3*6 g.). 
It was obtained pure after two crystallisations from methyl alcohol, m. p. 218° (Masson, loc, cit., gives 
220—221°) (Found: C, 61*0; H, 9*6. Calc, for CioHigONg : C, 60-9; H, 9*6%). The pure 
semicarbazone on hydrolysis with dilute hydrochloric acid gave pure 2:2: 6-trimethylcy^;/^hexanone 
(VI) as a volatile liquid with a camphor-like odour, b. p. 180° (Masson, loc. cit., gives b. p. 178 — 179°) 

(Found : C, 76-7; H, 11*6. Calc, for C^HieO : C, 77-1; H, 11*4%). It gave an oxime, m. p. 106° 

(Masson, loc. cit., gives m. p. 106°) (Found : C, 69*6; H, 10*9. Calc, for C^HiyON : C, 69-6; H, 10*9%), 

and in carbon disulphide solution it reacted with only one mol. of bromine to give a 

monobromo-derivative, m. p. 41° (Masson, loc. cit., gives m. p. 41°), with evolution of HBr. The 
monobromo-derivative is very similar to camphor in odour (Found : C, 49-1 ; H, 6*8; Br, 37*2. Calc. 
forC^HisOBr: C, 49-3; H, 6*8; Br, 36*5%). 

The mother liquor obtained above in the preparation of the semicarbazone gave 3*5 g. of a volatile 
liquid with a terpene-like smell. This appeared to be a mixture of unsaturated hydrocarbons, but was 
not further investigated. 

Hydrolysis of the Oxalyl Derivative (VIII), — The crude oxalyl derivative obtained above was directly 
hydrolysed by refluxing it with 20% hydrochloric acid for 48 hours The liquid was then distilled till 
the distillate was free from oily drops. The distillate was extracted with ether and the extract dried 
(KgCOa) and fractionated. 2:2: ^-Trimethylcyclohexanone (VII) was obtained as a colourless liquid 
with camphoraceous odour (9 g.), b. p. 191° (Found : C, 76-8; H, 11*5. CpHieO requires C, 77*1 ; H, 
11*4%). With semicarbazide acetate in aqueous alcohol it readily gave a semicarbazone crystallising in 
plates from methyl alcohol, m. p. 214° (mixed m. p. with the semicarbazone of 2 : 2 : 6-trimethylcyr/o- 
hexanone, 180—185°) (Found: C, 60-9; H, 9-6. CioH^ONa requires C, 60-9; H, 9-6%). The 
benzylidene derivative separated from methanol in light vellow needles, m. p. 85° (Found : C, 84*0 ; H, 
8-6. Calc, for CieH^oO ; C, 84-2; H, 8*7%). 

l-Cyano-2 : 2 : Z-trimethylcyclohex-^-ene (X). — 2 : 2 : 3-Trimethylcyc/ohexanone (6 g.) was allowed to 
react with excess of hydrogen cyanide at a low temperature in presence of a drop of potassium cyanide 
solution. After 10 hours the cyanohydrin was stabilised with a drop of sulphuric acid and the excess of 
hydrogen cyanide sucked off at the pump, when the product solidified. A small portion of this substance 
after drying on a porous plate was crystallised frdm light petroleum, when the pure cyanohydrin (IX) 
was obtained in colourless needles, m. p. 111°. 

The crude cyanohydrin was refluxed for an hour in an oil-bath with excess of phosphorus oxychloride 
(18 c.c.) and dry pyridine (60 c.c.). It was then cooled and carefully decomposed with ice-water and 
acidified with hydrochloric acid. By repeated extraction with ether, l-cyano-2 : 2 : Z-trimethylcyc\o- 
hex-^ene (X) was isolated as a colourless liquid (6 g.) with an odour similar to that of phenyl cyanide, 
b. p. 119°/30 mm. (Found : C, 80-2; H, 9*8. CioH^N requires C, 80*5; H, 10*0%). 

2:2: Z-Trimethylcyclohex^Q-ene-l-carboxylic Acid (XI). — The unsaturated nitrile obtained above 
appeared to be particularly resistant to bofling concentrated hydrochloric acid or aqueous or alcoholic 
potassium hydroxide. It was hydrolysed by gently heating it on a sand-bath for 48 hours with 50% 
sulphuric acid. In this way a yield of 73% of the unsaturated acid (XI) was obtained. A little neutral 
matter was also recovered. 2:2: Z-Trimethylcyclohex-Q-ene-l-carboxylic acid (XI) crystallised from 
methyl alcohol in colourless plates, m. p. 135° (Found : C, 71*1; H, 9-4. requires C, 71*4; 

H, 9*6<%). 

2:2: Z-Trimethylcyclohexane-l-carboxylic Acid (III). — The unsaturated acid obtained above was 
hydrogenated in acetic acid solution in presence of Adams's catalyst. The product had b. p. 1 10°/3 mm. 
On being kept in the ice-chest it solidified completely. 2:2: 3-Trimethylryc/ohexane-l-carboxylic acid 
(III) crystallised from methanol, at a low temperature, in shining plates, m. p. 58°, undepressed in 
admixture with the reduced acid (III) as obtained previously (Found : C, 70-5; H, 10-6. Calc, for 
CioHigO*: C, 70*6; H, 10*6%). 
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The ^^pheaylpheiiacyl ester of the synthetic acid had m. p. 114®, undepressed in admixture with the 
j^-phenylphenacyl ester of the reduced acid (III) (Found : C, 79*1 ; H, 7'6. Calc, for CmHisO^ : C, 
79-1; H, 7-7%). 

My best thanks are due to Prof. J. C. Baidhan for encouragement and to Mr. J. Chakraverti for 
humilities. 


Research Laboratory, Lister Antiseptics, 

CossiPORE, Calcutta. [Received, January 2%rd, 1947.] 


308. The Preparation and Properties of Triarylstibines. 

By J. I. Harris, S. T. Bowden, and W. J. Jones. 

The influence of nuclear substituents on the reaction of phenylmagnesium halides with 
antimony trichloride has been examined, and triphenylstibines containing methoxyl, ethoxyl, 
phenoxyl, chlorine, and bromine as substituents have been prepared. Attempts have also 
been made to prepare trup-fiaphthylstibine through the interaction of )3>naphthylmagnesium 
iodide and antimony trichloride. A preliminary examination has been made of the thermal 
stability of the triphenylstibines. 

The reaction between a substituted phenylmagnesium halide and antimony trichloride has not 
been studied extensively, and little information is available concerning the influence of nuclear 
substituents on the properties of triarylstibines. Under ordinary conditions in ethereal solution 
the reaction between 1 mol. of antimony trichloride and 3 mols. of arylmagnesium halide leads 
to the formation of the tertiary stibine, SbArg, and there appears to be no record of the formation 
of the diarylstibinous chloride, SbArgCl, in reactions of this type. In the present investigation, 
however, it was found that di-o-anisylstibinous chloride and tri-o-anisylstibine were produced 
when the antimony halide and o-anisylmagnesium bromide reacted in ethereal solution at 40®. 
It is noteworthy that Makin and Waters (/., 1938, 843) found that triarylstibine dichlorides, 
SbArjClj, triarylstibines, and diarylstibinous chlorides were generally produced when diazonium 
chlorides reacted with antimony under acetone. From bases containing o-substituents, only 
traces of quinquevalent antimony compounds were formed, the main products being the 
triarylstibines accompanied by a smaller quantity of the diarylstibinous chloride, and it was 
suggested that the non-formation of quinquevalent antimony compounds may be due to steric 
hindrance. In the Grignard synthesis, however, there is no possibility of the formation of 
triarylstibine dichloride, and though the conversion of di-o-anisylstibinous chloride into the 
tertiary stibine may be affected to some extent by steric hindrance, it is evident that this is a 
subsidiary factor in view of the fact that e-phenetylmagnesium bromide reacts with antimony 
trichloride to give a relatively high yield of tri-o-phenetylstihine. 

Previous workers have experienced some difficulty in preparing m-substituted triphenyl- 
stibines by the Grignard synthesis. Thus Challenger and Pritchard (/., 1924, 125, 869) were 
able to isolate only tri-w-tolylstibine hydroxychloride in an attempted preparation of tri-w- 
tolylstibine, and Goddard (/., 1923, 123, 2319) found that the Grignard method gave a low 
yield of tri-m-xylylstibine although the compound may be obtained in high yield by the action 
of sodium on 4-bromo-w-xylene and antimony trichloride. In the present work, it was found 
that w-anisylmagnesium iodide reacted smoothly with antimony trichloride to form /ri-m- 
anisylstibine in good yield. The fact that tri’^-phenoxyphenylstibine was obtained in fair yield 
by the Grignard synthesis shows that a phenoxyl group does not interfere appreciably with 
the normal formation of a tertiary stibine. 

A chlorine atom in the ^-position was found to have little effect on the course of the reaction, 
and the yield of Iri-'p-chlorophenylstibine was good. O'Donnell (Iowa State Coll, J, Sci,, 1945, 
20, 34) has reported that tri-^-bromophenylstibine prepared by the Grignard method is obtained 
as an oil which can only be converted into crystals, m. p. 134 — 135®, by inoculation with a 
specimen of the stibine prepared by reduction of the stibine dichloride, m. p. 184 — 185®. In the 
present investigation tri-^-bromophenylstibine was obtained as an oil from which a small 
amount of the crystalline stibine, m. p, 108 — 109®, was isolated. This material in alcoholic 
solution gave on treatment with cupric chloride the stibine dichloride, m. p. 200 — 201®, which 
agrees with the value given by Makin and Waters (loc. cit.), who prepared the dichloride from 
the diazonium salt and metallic antimony. 

The only information given in the literature concerning the thermal stability of triaryl- 
stibines is that triphenylstibme undergoes some decomposition when distilled under ordinary 
pressure (Michaelis and Reese, Annalen, 1886, 238, 48) and that tri-/>-diphenylylstibine decom- 
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poses at the boiling point with formation of antimony, diphenyl, and other products (Worrall, 
J, Amer, Chem. Soc,, 1930, 52, 2048). A survey has therefore been made of the behaviour of 
triarylstibines at high temperature in nitrogen and in oxygen. When triphenylstibine is kept 
at 320^ in nitrogen for 3 hours it decomposes into benzene, diphenyl (10%), free antimony 
(17%), and a non-crystallisable antimony compound. The formation of the hydrocarbons 
arises through the rupture of the Sb'O linkage and the subsequent hydrogenation and dimeris- 
ation of the free phenyl radicals to form benzene and diphenyl, respectively. The dispropor- 
tionation of the radical SbPhg, the dimeric form of which has been prepared by Blicke (/. Amer. 
Chem, Soc., 1931, 53, 1025), is doubtless responsible for the liberation of free antimony and the 
formation of the complex antimony compound. When triphenylstibine is heated in a sealed 
tube at 360® for 3 hours, only 9% of the antimony appears in the free state and the amount of 
diphenyl formed is small. The decomposition is thus facilitated by removal of the more volatile 
products from the reaction system. 

An indication of the thermal stability of a triarylstibiiie may be obtained by observing the 
temperature at which the melt becomes turbid when heated in nitrogen. The different influence 
of o-methoxyl and w-methoxyl is reflected in the low and the high decomposition temperature, 
respectively, of tri-o- and tri-w-anisylstibine as compared witli that of triphenylstibine. Tri-o- 
phenetylstibine also has a relatively low decomposition temperature. Nuclear chlorine or 
bromine does not greatly affect the decomposition temperature but the rate of decomposition is 
materially reduced. The decomposition temperatures of the triarylstibines in oxygen do not 
differ appreciably from those in nitrogen, but the rate of reaction is much higher. The behaviour 
towards oxygen, which is so markedly different from that of the trialkylstibines, shows that the 
tendency of the antimony atom to increase its 3-covalency is greatly reduced by the presence 
of aryl groups. 

The triarylstibines form dihalides, SbArgXg, in which the halogen atoms are probably 
attached to the antimony atom by resonance linkages of the type known to occur in the trialkyl- 
stibinc dihalides (Wells, Z. Krist., 1938, 99, 367). All the dichlorides and dibromides, except 
the tri-o-phenetyl derivatives, melt without appreciable decomposition. The majority of the 
alkyloxy- and halogeno-substituted triphenylstibine di-iodides not only melt with decomposition 
but darken below the melting point. 

Tri’^o^chlorophenylstibine, tri-^-chlorophenylstibine, and tri-/>-bromophenylstibine are similar 
to triphenylstibine inasmuch as they do not form a stable addition compound with mercuric 
chloride at ordinary temperature. It appears that such a compound is formed as an unstable 
intermediate which undergoes disproportionation into the arylmercuric chloride, HgArCl, and 
antimony trichloride. The inhibitory influence of alkyloxy- and methyl substituents upon this 
reaction is much greater than that of halogen substituents. 

Experimental. 

Tri-o-anisylstibine, — A filtered solution of o-anisylmagnesium bromide (1 mol.) was treated with an 
ethereal solution of antimony trichloride (0*26 mol.). After being boiled for an hour, the mixture was 
poured into ice-water, and the whole filtered. The residue was extracted first with warm ether (this 
extract being reserved for later treatment) and then with benzene. The stibine was deposited on con- 
centrating the benzene solution ; lustrous plates, m. p. 189°, from benzene-chloroform (Found : C, 66*2 ; 
H, 5-0; Sb, 27-5. CjiH^OjSb requires C, 66-9; H, 4-8; Sb, 27-5%). 

Di-o-anisylstibinous Chloride. — The ethereal extract from the above preparation was concentrated, 
and the deposited chloride, after several crystallisations from benzene-alcohol, was obtained in plates, 
m. p. 116—117° (Found : Cl, 9-3; Sb. 32-4. Cj^Hi^OgClSb requires Cl. 9-8; Sb, 32-8%). 

Tri-m-anisylstibine. — m-Anisylmagnesium iodide was treated with antimony trichloride as described 
above. After treatment with ice-water, the ethereal solution was evaporated and the residual oil was 
subjected to steam-distillation to remove volatile material. From an alcoholic solution of the oil, the 
separated in plates ; yield 60%. The pure stibine had m.p. 88-6 — 89*0° (Found: C, 66*8; H, 60; 
Sb. 27-2. CnHgiOgSb requires C, 66-9; H, 4-8; Sb, 27-6%). 

TrUo~phenetylstibine, — Prepared from o-phenetylmagnesium bromide and antimony trichloride, the 
stibine was obtained in 66% yield ; needles, m. p. 123-5 — 123-8°, from alcohol (Found : C, 59-7 ; H, 5*6 ; 
Sb. 26-2. CwH^OaSb requires C, 59-4; H, 6-6; Sb, 25-1%). 

Tri-^-phenoxyphenylsUbine. — ^-Phenoxyphenylmagnesium bromide was prepared by refluxing for 
24 hours p-bromodiphenyl ether, ether, and magnesium powder which had been activated in situ by strong 
heating with iodine. To favour completion of the reaction, benzene was added in the latter stages. The 
filtered solution was treated with antimony trichloride as previously described. The stibine was obtained 
as a white solid, m. p. 157°, after repeated crystallisation from alcohol (Found : C, 69-1 ; H, 4-6; Sb, 
19-4. CgeHajOgSb requires C. 68-7; H, 4-3; Sb, 19-4%). 

Tri-o^chlorophenylstibine, — ^The stibine was prepar^ from u-chlorophenylmagnesium bromide and 
antimony trichloride, but the yield was very low. After repeated crystallisation from glacial acetic acid 
and then from alcohol-benzene, the compound was obtained in white feathery crystals, m. p. 136 — 137° 
(Found : Cl, 23-1; Sb, 26-4. CigHijCljSb requires Cl, 23-3; Sb, 26-7%). The stibine did not reduce 
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cupric chloride in alcoholic solution at room temperature, but it reacted with bromine and iodine. The 
stibine did not form a stable mercurichloride. 

Tri-p-chlorophenylsiibine, — No appreciable amount of dimagnesium derivative was produced in the 
reaction of ^-chlorobromobenzene with magnesium (cf. Bomroux, Compt rend., 1903, 186 , 1138). 
Treatment of ^-chlorophenylmagnesium bromide with antimony trichloride gave the stibine ; featheiy 
crystals, m. p. 99-5 — 100*5®, from alcohol-benzene (Found: C, 47*3; H, 2*5; Cl, 23*6; Sb, 26*9. 
CigHiXlaSb requires C, 47*4; H, 2*7; Cl, 23*3; Sb, 26*7%). 

Tfl-^-hromophenylstihine. — Interaction of ^-bromophenylmagnesium bromide and antimony tri- 
chloride gave a low yield of the stibine; glistening crystals, m. p. 109*8 — 110*4®, from alcohol-benzene 
(Found : Br, 40*6; Sb, 20*4. Calc, for CuHmBrjSb : Br, 40*6; Sb, 20*6%). The pure stibine was 
very soluble in benzene, ether, and chloroform, but only slightl 3 r soluble in light petroleum. It reacted 
with mercuric chloride in alcoholic solution to form a white precipitate which could not be recrystallised 
from the usual solvents. 

Tri-p-naphthylstibine . — ^-lodonaphthalene (Schmidlin and Huber, Ber., 1910, 48 , 2829) was con- 
verted into the magnesium derivative, which was treated with antimony trichloride in accordance with 
the usual procedure. After the solution had been boiled for an hour and then treated with ice-water, 
the mixture was filtered. The solid was repeatedly extracted with hot benzene, and after removal of the 
solvent, the residual oil was triturated with ligroin until it solidified. Repeated crystallisation of the 
material from acetone gave the stibine as a yellow solid which partly melted at 196® (Found : C, 69*3 ; 
H, 4-9; Sb, 23*3. .CgoHjiSb requires C, 71*6; H, 4*2; Sb, 24*2%). The yield was very low and the 
stibine could not be further purified owing to its slight solubility in the usual organic solvents. It did 
not form an addition compound with mercuric chloride and did not reduce cupric chloride, but it reacted 
with light petroleum solutions of bromine and iodine. 

Addition Compounds. — ^The addition compounds listed in the table were prepared by treating the 
triarylstibine with solutions of cupric chloride, bromine, iodine, or mercuric chloride. Inasmuch as the 
majority of the di-iodides are susceptible to hydrolysis by traces of moisture, all reagents used in their 
preparation were thoroughly dried before use. 

Stibine dichlorides, AraSbCl*. 


Cryst. form and %• Required, %. 

Ar. solvent.^ M. p. Cl. Sb. Formula. Cl. Sb. 

o-Anisyl White crystals ; A 237—238® 14*2 23-4 CajHaiOaCl^Sb 13*8 23-7 

m-Anisyl As above 81*5— 82-5 14-2 23*6 CgjHjjO.ClaSb 13*8 23-7 

o-Phenetyl Colourless crystals ; B 231— 232 f 13 0 221 CjiH^OjCLSb 12-8 21-9 

p.Phenoxyphenyl Needles; B 106—107 10*3 16-9 C,eH„OsClaSb 10-1 17*4 

p-Chlorophenyl ... Needles; C 1930— 193-5 13-5f 231 CjgHjaCljSb I3-5t 23*1 

p.Broraophcnyl ... Needles; B 200—201 10-6 18-3 C^HjaBraClaSb 10*7 18-4 

Stibine dibromides ^ .^raSbBr*. 

Br. vSb. Br. Sb. 

o-Aiiisyl Glistening cr>*stals; A 226-226 26-8 20*6 CajHaiOaBraSb 26-6 '20*2 

m-Anisyl Pale yellow needles ; B 74-6 — 7.5-6 26-9 20*0 CaiHojOaBraSb 26-6 20*2 

o-Phenetyl As above 237—238 f 24-9 18-8 CaaBj^OgBraSb 24-8 18-9 

p-Phenoxypheriyl White needles ; B 161 — 152 20-4 16-0 C,aHa708BrgSb 20-3 16*4 

p-Chlorophenyl ... Lustrous plates ; D 189-6 — 190-0 26*3 20-0 CigHiaClaBraSb 26-9 19-8 

/>.Bromophenyl ... Needles; B 182 21-6t 10-4 C,aH„Br 5 Sb 21-3t 16*3 

Stibine di-iodidcs, AraSbl,. 

I. Sb. I. Sb. 

o-Aiiisyl Yellow solid ; D 141— 142 f 36-7 17-3 CaiHgiOalaSb 36-4 17-6 

m-Anisyl Pale yellow plates ; B 99-6— lOO-O 36-2 17-6 CsiHjjOalaSb 36-4 17-5 

o-Phenetyl As above 143 1 34-6 16-6 CsaHa^OalgSb 34*3 16-6 

p-Phenoxyphenyl As above 140 1 28-5 14-1 CaeHgjOalaSb 28*7 13-8 

/»-Chlorophenyl ... Yellow plates ; E 137— 138 f 36-2 17-2 C,gH,aClaIaSb 36-7 17-2 

p-Bromophcnyl ... Pale yellow needles ; C 155 — 166 f 29-9 14*6 CjaHjaBralaSb 30-1 14*4 

Mercurichhrides, AraSbjHgCl*. 

Cl. Sb. Cl. Sb. 

o-Aiiisyl White solid; B 100—161 10*4 28-6§ CaiH 2 ,OaSb,HgCIa 9-9 28-l« 

w-Anisyl As above 180 f 10-2 16-9 CaiH,xOaSb,HgCl 2 9-9 17 0 

e-Phenetyl As above 170-9 9*7 16-1 C.aHa^OaSb.HgCla 9-4 161 

/^-Phenoxyphenyl White crystals ; F 175— 176 f -- 13-3 Ca.H„0,Sb,HgCla — 13-5 


* A = CHClj-light petroleum ; B =« alcohol-chloroform ; C = light petroleum ; , D carbon tetrachloridc- 
light petroleum ; E ~ alcohol-light petroleum ; F « benzene-alcohol. 

t With decomposition. t Values relate to hydrolysable halogen. | Hg, not Sb. 

Thermal Stability of Triarylstibines. — ^The temperature of the stibine was raised at a rate of 3 — 4®/min. 
by heating the material in a stream of nitrogen or oxygen in a small vessel provided with a side-tube in 
communication with U-tubes for the condensation of volatile products. The temperature at which 
turbidity first appeared in the molten stibine was taken as the decomposition temperature; those in 
nitrogen and oxygen, respectively, were as follows : triphenylstibine, 260°, 205° ; tri-o-anisylstibine, 
200°, 200°; tri-wi-anisylstibine, 258°, 260°; tri-o-phenetylstibine, 200°, 205°; tri-o-chlorophenylstibine, 
260°, — ; tri-^-chlorophenylstibine, 230°, 265°; tri-/>-bromophenylstibine, 262°, 260°; tri-^-phenoxy- 
phenylstibine, 265°, 260°. Although there was generally little difierence between the decomposition 
temperatures in nitrogen and in oxygen, the rate of reaction was invariably higher in the latter. 

Triphenylstibine (I g.), maintained at 325® for 3 hours under nitrogen in the above apparatus, gave a 
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small amount of benzene, and diphenyl (0*1 g.). The grey residue in the pyrolysis vessel consisted of a 
viscous oil and a finely-divided solid. After being washed with acetone, the solid (017 g.) was shown to 
be free antimony (Found : Sb, 99*4%). The acetone solution of the oil gave a positive test for antimony, 
but no solid product could be isolate. 

Triphenylstibine (10 g.) was maintained at 360° in a sealed tube for 3 hours. On cooling, the tube was 
found to be free from excess pressure, and the pyrolysis product consisted of free antimony (0-3 g. Found : 
Sb, 99-3%) and a pale mreen viscous liquid. The latter on fractionation gave triphenylstibine (8*4 g.) 
and a residue which could not be crystallised. In a repetition of the experiment, the pyrolysis product 
was subjected to steam-distillation, but the amount of diphenyl isolated was small. 

Tatem Laboratories, University College, Cardiff. [Received, January 2Uh, 1947.] 


309. The Synthesis of a.-Amino-y-{;^-hydroxyphenyl)hutyric Acid, a 

Homologue of Tyrosine. 

By W. Charles Evans and Norman Walker. 

Because of the known intermediate formation of indole derivatives in the in vitro production 
of melanin from tyrosine under the influence of tyrosinase, it became of interest to study the 
action of this enzyme on the next higher homologue of tyrosine. By this means it seemed 
possible that data relating to the analogous formation of quinoline compounds by enzyme action 
might be obtained. 

a-Amino-y-(^-hydroxyphenyl) butyric acid has been synthesised by two different routes, 
and some related intermediate compounds are described. 

The elucidation of the series of chemical reactions involved in the formation of melanin from 
tyrosine under the influence of the enzyme tyrosinase has been the subject of several investig- 
ations (see Raper et aL, Physiol. Rev., 1928, 8, 246; Evans and Raper, Biochem. 1937, 31, 
2162 ; Clemo and Weiss, 1945, 702). In the presence of tyrosinase, a number of compounds 
structurally related to tyrosine, and possessing great physiological interest (e.g., adrenaline, 
epinine, tyramine, etc.) are oxidised and give rise, where the side-chain configuration allows, to 
indole compounds, the formation of which has been established in most cases (Dulidre and 
Raper, Biochem. 1 930, 24, 259) . It is generally assumed tliat the o-quinone of 3 : 4-dihydroxy- 
phenylalanine undergoes ring closure spontaneously, without mediation of the enzyme. With 
esters of tyrosine, however, and compounds where the amino-group is fully alkylated, including 
quaternary ammonium salts, ring closure does not take place after quinone formation, although 
additional oxygen is utilised, the subsequent course of the reaction being unknown. It is clear 
from the work of Bloch and Schaaf (Biochem. Z., 1926, 162, 181) and of Heard and Raper 
(Biochem. 1933, 27, 36) that under changed conditions of pH and temperature, side reactions 
occur to a greater or less extent, a fact which the latter authors deem important in relation to 
the biochemical origin of adrenaline from tyrosine or some similar precursor. 

a-Amino-y-{p-hydroxyphenyl)buiyyic acid has been synthesised in order to study the action of 
tyrosinase on it, with particular reference to the fate of the side chain. If the reaction follows 
an analogous course to the tyrosine-tyrosinase system, the eventual formation of quinoline 
derivatives would be expected. 

Attempts to effect the condensation of ^-methoxyphenylacetaldehyde with hippuric acid, 
acetylglycine, or hydantoin failed to yield the anticipated derivatives of a-amino-y-(/>-methoxy- 
phenyl) butyric acid, in spite of a large variety of experimental conditions. 

Two alternative methods for the synthesis of a-amino-y-(/>-hydroxyphenyl) butyric acid were 
employed : (a) p-(^-Methoxyphenyl)propionitrile, prepared from anisaldehyde, was reduced by 
stannous chloride under the usual conditions of the Stephen reaction to yield ^-methoxy- 
phenylpropaldehyde, which, when condensed with ammonium cyanide, followed by hydrolysis 
of the resulting aminocyanohydrin, afforded ct’amino-y-('p-methoxyphcnyl)butyric acid. The 
latter compound was demethylated by treatment with hydriodic acid and red phosphorus in the 
usual manner to yield the desired amino-acid. 

(b) 2-(^-Aminophenyl)ethyl bromide, obtained by reducing the corresponding nitro-com- 
pound, was converted into 2-(/)-hydroxyphenyl)ethyl bromide by diazotisation of the amino- 
group followed by hydrolysis of the diazonium compound in the usual manner. The hydroxy- 
compound was condensed with the sodio-derivative of benzamidomalonic ester in anhydrous 
ethanol (cf. Redemann and Dunn, J. Biol. Chem., 1939, 180, 341), and hydrolysis of the con- 
densation product with aqueous hydrobromic acid gave the desired a-amino-y- (^-hydroxy- 
phenyl) butyric acid. The results of the investigation on the action of tyrosinase on this amino- 
acid will be reported later. 
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Expsexmental. 

{All m. pa. are nacotrected.) 

p^Methoxyphenylpropionifrile (cf. Goldschaudt aad Fraeakel, Monatsh., 1914« S5« 283).~^^Meth* 
oxyphenyipropionamide (6 g.), obtained by the method of Barger and Walpole (7., 1909, 96 , 1724), 
dissolved in dry xylene, was boded vigorously whilst pho^mhoric oxide (12 g.) was added in small portions 
with shaking. The mixture was boiled under reflux for 16 minutes, the reaction liquid filtered, and the 
xylene removed by distillation under reduced pressure on the water-bath. The residue was distilled 
under reduced pressure, and the fraction, b. p. 160 — 165/13 mm. (3 g., yield 60%), was collected. It 
was a colourless oil possessing a characteristic smell. 

^-Methoxyphenylpropaldekyde, — Finely powdered anhydrous stannous chloride (10 g.. 1*6 mols.) 
was suspended in dry ether (25 c.c.), cooled in ice and saturated with dry hydrogen chloride, until a 
homogeneous solution was obtained. ^-Methoxyphenylpropionitrile (6 g., 1 mol.) was then added, the 
reaction mixture shaken vigorously, and the stopper^ reaction vessel set aside at room temperature 
overnight. The white, crystalline aldimino-stannichloride which separated was collected on a dry 
filter, and washed with dry ether. It was hydrolysed to the aldehyde by suspension in warm water made 
definitely alkaline with aqueous sodium carbonate, followed by extraction with ether. The ethereal 
solution was dried (NajS 04 ), and the solvent removed. The oily residue was distilled under reduced 
pressure, ^ving jl>-methoxyphenylpropaldehyde, b. p. 130 — 135°/16 mm. (4*8 g., 90%). On condensation 
with semicarbazide hydrochloride in the usual way, it gave a semicarbazone^ which on crystallisation 
from benzene afforded white needles, m. p. 140 — 142® (Found : C, 59*2; H, 7*0; N, 18*7. CjjHigOijNj 
requires C, 69*1 ; H, 6*8 ; N, 19*0%). This aldehyde could also be obtained, in poor yield, by dCstillation 
under reduced pressure of an intimate mu^re of the barium salt of />-methoxyphenylpropionic acid with 
barium formate and silver sand. 

a-’Amino-y(^-metkoxyphenyl)butyric Acid, — A modification of Strecker's synthesis due to Lapworth 
and Cocker (/., 1931, 1371) was employed. ^-Methoxyphenylpropaldehyde (4*5 g. 1 mol.) was added 
gradually, with stirring, to a well-cooled solution of ammonia (0*9 g., d 0*88, 2 mols.) and hydrogen cyanide 
(1*4 g., 2 mols.). The reaction mixture was shaken mechanically at room temperature for several hours, 
and left for 2 days to attain equilibrium. To the mixture, which had now darkened appreciably, was 
slowly added excess of sulphuric acid (40% w/v ; 6 — 7 mols.). Hydrolysis was effected by heating for 3 
hours at 125® until a test portion of the solution gave no reaction for ferrocyanide with excess of sodium 
hydroxide and ferrous hydroxide. The solution was diluted with several times its volume of water, and 
powdered barium carbonate (A.R.) was gradually added until the mixture was definitely alkaline to 
litmus. Steam was passed through the boiling solution until all the ammonia had been driven off. The 
bulky precipitate of barium sulphate was filtered off, and well washed with boiling, very dilute aqueous 
sulphuric acid. The combined filtrates were treated with powdered lead carbonate until effervescence 
ceased, and the solution no longer showed an acid reaction to Congo-red, the mixture filtered, and the 
residue of lead sulphate washed with water. The combined filtrate and washings were saturated with 
hydrogen sulphide, the lead sulphide removed, and the filtrate concentrated to a small bulk (60 c.c.). 
The concentrate was decolorised (norite) and filtered, and on further concentration and cooling, a white 
crystalline solid separated. After recrystallisation from aqueous alcohol the awfwo-acid formed needles 
(2 g., 36%). m. p. 246—246® (Found, C, 63*1; H, 6*9; N, 6*76. CnHi^OgN requires C, 63*2; H, 7*1; 
N. 6*70/^). 

a-^Amino-y~(-!^-hydfoxyphenyl)butyric Acid. — ^The above methoxy^acid was demethylated by the 
method of Harington and McCartney (Biochem. 1927, 21, 862), the acid (6 g.), red phosphorus (6 g.), 
hydriodic acid (26 c.c., d 1*7), and acetic anhydride (2^'> c.c.) being boiled together under reflux for 1*6 
hours. The reaction mixture was filtered through asbestos-wool, the phosphorus well washed with 
glacial acetic acid, and the filtrate evaporated to dryness in a vacuum. Water was then added, and the 
evaporation repeated. The residue was taken up in a little water, and sufficient lead carbonate added just 
to neutralise the trace of acid present and to remove the iodine. The precipitate was filtered off and 
washed thoroughly with distilled water, the filtrate saturated with hydrogen sulphide, the lead sulphide 
removed, and the clear filtrate decolorised (norite) and concentrated to small bulk. On cooling, crystals 
soon developed, which were collected and recrystailised twice from boiling water, whence a white 
micro-crystalline powder was obtained Yl*6 g.) m. p. 265® (Found, C, 61*5 ; H, 6*7 ; N, 7*2. CipHjaOaN 
requires, C, 61*5; H, 6*66; N, 7*18%). The amino-acid on treatment with a solution of diazotised 
o-chloroaniline gave a red azo-compound. Nitrogen was evolved on treatment with cold nitrous 
acid. 

y->(2-Bromoethyl)aniline Hydrochloride. — 2-{p-Nitrophenyl)ethyl bromide (10 g.), prepared from 
2-phenylethyl alcohol by the method of Foreman and McElvadn (/. Amer. Chem. Soc., 1940, 62 , 
1436), was added in 1 g. portions to a solution of stannous chloride (40 g.) in concentrated hydrochloric 
acid (100 c.c.) which was heated on the steam-bath, the liquid being shaken vi^orouriy after each 
addition ; the solid nitro-compound melted to an oil, which gradually reacted, knd dissolved on shaking, 
a further portion being then added. When the addition was completed, the mixture was heated on the 
steam-bath for a further 45 minutes. The reaction mixture was then freed from a little oil by extraction 
with hot benzene, and the aqueous layer was separated, and cooled in a freezing mixture. An excess of 
aqueous sodium hydroxide was added, with careful cooling until all the tin, which was at first preci- 
pitated as hydroxide, had dissolved. The alkaline solution was thrice extracted with ether, the combined 
extract washed with water, and the amine was removed from the ether by shaking with 3*6N-hydrochloric 
acid (22 c.c.). After separation of the aqueous layer, p-(2-br6moethyl)aailme hydrochloride (7*76 g.) 
crystallised out; it recrystailised from water in nearly colourless needles, m. p. 211® (decomp.). 

V-(^-Bromoethyl)phenoL — ^The foregoing hydrochloride (10 g.) was dissolved in water (100 c.c.) and 
30% sulphuric acid (20 c.c.), the mixture warmed to 55®, and a solution of sodium nitrite (3*6 g.) in water 
(20 c.c.) was added slowly, with mechanical stirring. A dark reddish-brown oil possessing a sharp sickly 
smell separated, and the mixture was heated on the steam-bath for a further 16 minutes, then cooled ; 



[1947] Some 1:1'- and 2 : 2,' -Dinaphthyl Derivatives, etc. 1573 

ihe oil was extracted with ether, the extract dried (Na,SO|), the solvent removed, and the residual oil 
distilled, yielding 0-(2-bromethyl)phenol (2*3 g.) as a viscous yellow oil, b. p. 160— 166°/12 mm. 

a*Amtno-^{p-kydroxyphef^l)bu^ic Acid , — BenzamidomaJonic ester (2*8 g.J, prepared as described 
by Kedemann and Duxm (/. Biol, Chem,, 1939, 130, 341) but with Painter’s m<^ification (/. Amer, Ghent, 
Soc,, 1940, 32, 232), was added to a hot solution of sodium (0*25 g.) in absolute alcohol (50 c.c.), and when 
the solid sodio^erivatives had separated ^>(2-bromoethyl)phenol (2*3 g.) was added, and the mixture 
heated under reflux for 3 hours. The bulk of the alcohol was removed by distillation, and the residue 
dfluted with water (100 c.c.) and extracted with ether. The extract was dried (Na2S04), and the solvent 
removed, leaving etiiyl 2-(/>-hydroxyphenyl)ethylben2amidomalonate as a brown oil (3 g.). This was 
hydrolysed by refluxing with 48% aqueous hydrobromic acid (20 c.c.) for 10 hours. The mixture was 
diluted with boiling water (40 c.c.), filtered, and left in the ice-chest overnight. Benzoic acid separated, 
and was Altered off, the filtrate being evaporated to dryness in a vacuum. The residual solid was 
extracted with water (16 c.c.), the extract boiled (norite), filtered, and the filtrate carefully neutralised 
with aqueous ammonia and kept in the ice chest for 24 hours. o-Amino-y-(j^-hydroxyphenyl)butyric 
acid (0*17 g.), m. p. 266° (decomp.), separated as a microcrystalline powder; recrystallised from 60% 
aqueous alcohol, it had m. p. 266° (decomp.) undepressed on admixture with the amino-acid synthesised 
by the previous route (Found : C, 60*3; H, 6*52; N, 7*2%). 

Biochemistry Section, Dept, of Animal Health, [Received, January 30M, 1 947.] 

University College, Aberystwyth. 


310. Some 1 : 1'- and 2 : 2'-Dinaphthyl Derivatives and a New 
Synthesis of 3 ; Z'-Dinitro-\ : V -dinaphthyl. 

By Herbert H. Hodgson and John Habeshaw. 

3 : 3'-Dinitro-l : T-dinaphthyl, formerly prepared by the action of copper on l-iodo-3- 
nitronaphthalene, is now synthesised from naphthidine. 

4 : 4'-Diacetamido-1 : I'-dinaphthyl readily dinitrated to give 3 : 3'-dtnz/ro-4 : ^'-diacetamido- 
1 ; I'-dinaphthyl which was hydrolysed by boiling ethyl-alcoholic sulphuric acid to 3 : 3'~dinitrO‘ 
4 : 4:'-diamino-l : V-dinaphfhyl, a compound easily bisdiazotised by a nitrosyl-glacial acetic 
acid procedure (cf. Hodgson and Walker, 1933, 1620; Schoutissen, J, Amer, Chem. Soc,, 
1933, 55, 4636). Replacement of both diazo-groups by hydrogen was effected by means of 
ethanol to give 3 : 3'-dinitro-l : I'-dinaphthyl in over 80% yield, a compound previously 
prepared in poor yield by the action of copper on 1-iodo- 3-nit ronaphthalene (cf. Gumming and 
Howie, /., 1931, 3179; Chudozilov, Chem. Listy, 1926, 19, 187). Reduction to 3 : 3'-diamino- 
1 : I'-dinaphthyl by the procedure of Gumming and Howie (loc. cit.) was confirmed, and so the 
3 : 3'-positions taken up by the nitro-groups in the original nitration of 4 : 4'-diacetamido- 
1 : I'-dinaphthyl were established. Replacement of the amino- by hydroxyl groups in 3 : 3'- 
dinitro-3 : 3'-diamino- or 3 ; 3'-diacetamido-l : I'-dinaphthyl to give 3 : W -dinitro-^. : ^'-dihydroxy- 
1 : V -dinaphthyl was effected by boiling aqueous sodium hydroxide, and the disodiuyn salt of 
this compound was sparingly soluble in cold water. 

1 : l'-Diacetamido-2 : 2'-dinaphthyl is dinitrated in the 4 : 4'-positions to give 4 : ^'-dinitvo- 
1 : V-diacetamido-2 : 2' -dinaphthyl, as proved by hydrolysis with ethanol and concentrated 
sulphuric acid to give the known 3 : 6-dinitro-l : 2 : 7 : 8-dibenzocarbazole (Hodgson and 
Habeshaw, this vol., p. 77). 

Experimental. 

Nitration of 4 : 4'-Diaceiamido-l : V-dinaphihyl, — ^The diacetyl compound (1*9 g.), prepared by the 
addition of acetic anhydride to a boiling solution of naphthidine in glacial acetic acid (cf. Gumming 
and Howie, /., 1932, 628), was added gradually in a finely divided state with stirring to nitric acid 
(36 c.c., d 1*42), the temperature being maintained below 16°; the solution darkened as the solid 
dissolved and, after about 16 minutes, a yellow precipitate of 3 : 2' -dinitro-A^ : Af -diacetamido-1 ; 1'- 
dinaphthyl began to separate. After being stirred for 30 minutes from the final addition of the acetyl 
compound, the mixture was poured into water, the yellow precipitate (1*96 g., m. p. 332 — 336°) filtered 
off, washed acid free with water, dried, and crystallise first from nitrobenzene in which it was moderately 
soluble and then from glacial acetic acid in which it was sparingly soluble, to give yellow micro-crystals, 
m. p. 342—343° (Found : N, 12*6. Ca4H„0«N4 requires N, 12*2%). 

3 : W-Dinitro-A : A*-diamino-\ : V-dinaphthyl. — ^This was obtain^ by refluxing the diacetyl derivative 
above (6 ^.) for 10 hours with ethanol (60 c.c.) and dilute sulphuric acid (50 c.c., d 1*08) ; the solution 
deepened m colour and on being poured into water (600 c.c.) afforded the free amine (4-5 g.) which was 
filtered off, washed with water until acid-free and then with ethyl acetate, and crystallised once from 
nitrobenzene in which it was readily soluble at the boil and twice from glacial acetic acid in which it 
was moderately soluble, to give bright yellow micro-plates, m. p. 338 — 339° (Found : N, 14*8. 
Cj 0 Hi 4O4N^ requires N, 16*0%). 

3 : Z*-Dtnitro-l : V-dinaphthyl . — ^This was prepared by addition of finely powdered 3 : 3'-dinitro- 
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4 : 4^odiamiB0-l ; I'-dinaphthyl (6*7 g.) to a mixture of sodium nitrite (7 p.) in siriphuric acid (60 c.c.,^ 
d 1*64) below 40^ ; a deep green solution was formed which was diluted with glacial acetic acid at such 
a rate that the temperature was kept between 46® and 60°, and the colour became golden-brown. After 
being stirred for 1 hour, the mixture was added gradually to ethanol (200 c.c.) and, when the reaction 
had moderated, the whole was heated on the water-bath under the reflux for 1 hour, after which the 
volatile portion was removed by distillation until the residual volume was 100 c.c. ; it was then 
poured into water (600 c.c.). The light brown precipitate of 3 : 3'-dinitro-l : 1 '-dinaphthyl (4*6 
was filtered off, washed acid free with water, crystallised once from nitrobenzene and twice from glacial 
acetic acid, and so obtained in golden yellow plates, m. p. 280 — 281° (Gumming and Howie, loc, cit., 
give m. p. 281° ; Chudozilov, loc, cit, gives m. p. 262 — 264°) (Found ; N, 8-3. Calc, for C 2 oHi| 04 N 2 : 
N, 8'1%). This compound (2*4 g.), when boiled for 5 hours with glacial acetic acid (180 c.c.) and zinc 
dust (20 g.) during the gradual addition of hydrochloric acid (2 c.c., d 1- 18), was reduced to 3 : 3'-diamino- 
1 : r-dinaphthyl which was removed from the cold reaction mixture, after it had been made alkaline 
with solid sodium hydroxide, by ether extraction ; after removal of the ether from the dried extract, 
the residue of the crude 3 : 3'-diamino-l : 1 '-dinaphthyl crystallised from benzene in white plates, 
m. p. 269 — 270° (Gumming and Howie, loc. cit., give m. p. 270°) (Found : N, 10*1. Calc, for CjoHnNj : 
N, 9-9%). 

3 : S'-Dinitro-i : 4'-dihydroxy’l : V -dinaphthyl. — ^This was formed when 3 : 3'-dinitro-4 : 4'-diamino- 

1 : I'-dinaphthyl (2 g.) was refluxed with 20% aqueous sodium hydroxide (60 c.c.) for 2 hours; when the 
red disodium salt of the dihydroxy-compound began to be deposited, the mixture was filtered hot, and, 
on cooling, an almost quantitative yield was obtained in reddish-brown crystals (Found : Na, 10*8. 
CjoHio 04 N 2 N®'^ requires Na, 11*0%), which were sparingly soluble in cold but readily so in hot water. 
When the sodium salt was mixed with dilute acids, 3 : ^'-dinitro-4 : 4 *-dihydroxy-l : V -dinaphthyl was 
liberated and crystallised from glacial acetic acid in which it was moderately soluble in yellow micro- 
plates, m. p. 319 — 320° (Found : N, 7*6. CjoHijO^Ng requires N, 7*4%). 

3 : -Diamino-4 : 4'-diacetamido-\ : V -dinaphthyl. — ^This was obtained when a solution of 3 : 3'- 
dinitro-4 : 4'-diacetamido-l : 1 '-dinaphthyl (2 g.) in boiling glacial acetic acid (160 c.c.) was treated 
gradually with zinc dust (20 g.) during 46 minutes, the mixture refluxed a further 30 minutes, and filtered 
hot into water (600 c.c.). The flocculent precipitate was extracted with boiling water (100 c.c.) con- 
taining hydrochloric acid (50 c.c., d 1*18) and the filtered extract cooled; the dihydrochloride of 3 : 3'- 
diamino-4 : 4'-diacetamido-l : I'-dinaphthyl then separated (1*2 g.) in white feathery needles which did 
not melt (Found : ionic chlorine, 14*9. Ga4H2jOaN4,2HGl requires Gl, 16*1%), and were only sparingly 
soluble in cold water but readily so in hot water and dilute acids. After basincation with dilute ammonia, 
the white precipitate of 3 : Z* -diamino-4 : 4^-diacetamido-l : V -dinaphthyl was crystallised from glacial 
acetic acid, giving white micro-crystals which carbonised at 390° (Found : N, 13*9. G,4H2208N4 
requires N, 14*1%), and were almost insoluble in benzene, xylene, or ethanol. 

1 : V-Diacetamido-2 : Z* -dinaphthyl, — ^This was prepared by stirring a suspension of 1 : I'-diamino- 

2 ; 2'-dinaphthyl (1*7 g.) in acetic anhydride (25 c.c.) for 24 hours at room temperature (cf. Gumming 
and Howie, 1932, 631) ; attempts to make this compound more rapidly by hot acetylation resulted 
in the formation of 1 : 2 : 7 : 8-dibenzocarbazole, which crystallised from benzene in white needles, m. p. 
216° (Bucherer and Schmidt, /. pr. Chem., 1909, 79, 376, give m. p. 216°) (Found : N, 5*4. Calc, for 
C,oH„N : N, 6-2%). 

Dinitration of 1 : V-Diacetamido-2 : Z' -dinaphthyl. — 1 : l'-Diacetamido-2 : 2 '-dinaphthyl (0*96 g.) was 
stirred into nitric acid (25 c.c., d 1*42) below 15°. After 30 minutes’ stirring, 4 : 4"-dinitro-\ : V-diacet- 
amido-\ : V -dinaphthyl began to separate, and at this stage the mixture was poured into water (120 
c.c.), and the precipitated dinitro-compound (0*5 g.) dissolved in a hot mixture of glacial acetic acid 
and xylene (1 : 1) from which it separate<i in light yellow micro-needles, m. p. 341 — 342° (Found : N, 
12*5. Cj4Hi 80*N4 requires N, 12*3%). When this compound (1 g.) was refluxed for 10 hours with 
ethanol (10 c.c.) and sulphuric acid (10 c.c., d 1*08), and the mixture poured into water, there separated 

3 : 6-dinitro-l : 2 : 7 : 8-dibenzocarbazole which crystallised from nitrobenzene in yellow micro-crystals; ' 
these had no m. p. but sintered at ca, 386° (cf. Hodgson and Habeshaw, loc. cit.) (Found : N, 12*1. Calc. 
forC8oHi,04N8: N, 11*8%). 

The authors thank Imperial Chemical Industries Ltd. for various gifts. 

Technical College, Huddersfield. [Received, February 1st, 1947.] 


311 . The Formation of Hydroxythionaphthens by the Interaction of 
Benzenesulphonylbenziaothiazolone and Svbstances containing a 
Reactive Methylene Group. 

By A. W. H. Barton and (the late) E. W. McClelland. 

The isothiazolone (I) reacts with substances containing a reactive methylene group, in 
presence of p 3 rridine or piperidine, with elimination 6f benzenesulphonamide, to give 2-sub- 
stituted derivatives of 3-nydroxythionaphthen of type (II). The group R found in the product 
is the acetyl, propionyl or but 3 rryl group with the respective aliphatic ketones, and the carb- 
ethoxy-group with ketonic esters, but reaction proceeds further in the case of acetone yielding 
a dithionaphthenyl ketone. Benzoylacetone and acetophenone yield 3-hydroxy-2-benzoylthio- 
naphthen, a-Picoline and quinaldine give the 3-hydroxy-2-2'-pyridyl- and -quinolyl-thio- 
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naphthen. The mechanism of the reaction is discussed, the isolation of the substance (III) 
as the immediate product from acetylacetone being significant. 

A remarkable reaction also occurs when jsothiazolone is heated with ethyl phenylacetate 
and pyridine or quinoline, p 3 rridyl- or quinolyl-thionaphthen being produced. 

The work of Smiles and his collaborators (/., 1912, 101, 670; 1916, 107, 1378; 1921, 119, 
1810; 1924, 125, 876) showed that 3-hydrox5rthionaphthen and certain of its 2-derivatives 
could be prepared by wanning together in sulphuric acid o-mercaptobenzoic acid and various 
substances such as malonic and acetoacetic esters, p-diketones, and malic or citric acid. The 
yields are, however, not always satisfactory, tarry by-products and thioindigotin being often 
present, and the reaction sometimes fails owing to the prior decomposition of the diketonic 
reagent. 

It has now been found that the readily accessible benzenesulphonylbenzisothiazolone (I) 
reacts smoothly with various substances containing a reactive methylene group to produce 
good yields of 2-substituted derivatives of 3-hydroxythionaphthen (II), benzenesulphonamide 
being simultaneously eliminated. 


C«Hy NN-SO^Ph C*H4/ ^HR 
CO CO 

(I.) (II.) 




SCH(COMe )2 

CO-NH-SO^Ph 
(III.) 


:'H<VkOO 


CO 
(IV.) 


The reaction with ethyl malonate, ethyl acetoacetate, or ethyl acetonedicarboxylate in 
presence of pyridine or piperidine gives 3-hydroxy-2-carbethoxythionaphthen (II, R = COgEt). 
When the thiazolonc is heated with acetylacetone in boiling alcohol or toluene in the absence 
of any basic catalyst, a direct addition compound (III) results, which is converted by the action 
of alkalis or by heating in boiling pyridine into 3-hydroxy-2-acetylthionaphthen (II, R == 
COMe) and benzenesulphonamide : this same acetylthionaphthen is obtained directly when 
the original reaction with acetylacetone is conducted in boiling pyridine solution. The pro- 
perties of the addition compound are consistent with structure (HI), which is also supported 
by the analogy^ with the products of addition of the benzisothiazolonc to aromatic amines, 
whose structure has been firmly established (McClelland and Peters, this vol., p. 1229). 

From benzoylacetone the corresponding 3-hydroxy-2-benzoylthionaphthen (TI, R = COPh) 
is formed. 

A reaction of the same kind takes place with ketones in general, but only in the presence 
of piperidine as catalyst. For instance, methyl ethyl ketone yields 3-hydroxy-2-propionyl- 
thionaphthen previously described by Krollpfeifer and Schneider {Ber,, 1928, 61, 1284), methyl 
«-propyl ketone gives Z~hydfoxy-2’-hutyrylthionaphthen, and acetophenone the corresponding 
benzoylthionaphthen, while m-nitroacetophenone gives Z-hydroxy-^-m-nitrohenzoylihionaphthen. 

With acetone the main product is 3 : 3'-dihydroxy-2 : 2'-dithionaphthenyl ketone (com- 
pare Friedlander and Risse, Ber., 1914, 47, 1928) but a small amount of 3-hydroxy- 2-acetyl- 
thionaphthen is obtained and may be an intermediate in the process. The latter substance 
does in fact condense further with the benzwthiazolone under the conditions of the reaction. 

The reaction with diethyl ketone gave 3-hydroxy- 2-me thy Ithionaph then, identified in the 
form of its oxidation product 2 : 2'-bis-(3-hydroxy-2-methylthionaphthen) (compare McClelland 
and DaSilva, 1931, 2972), together with some 3-hydroxy-2-propionylthionaphthen, the 
formation of which seems inexplicable unless it was due to the presence of methyl ethyl ketone 
as an impurity. 

Quinaldine and a-picoline also condense with benzenesulphonylbenzfsothiazolone, yielding 
Z-hydroxy-2-%'-quinolylthionaphthen (IV), and the analogous pyridylthionaphthen. 

Benzwothiazolone itself did not react with boiling acetone and its reaction with methyl 
ethyl ketone and quinaldine was slow. The benzisothiazolone when heated alone in boiling 
pyridine was reduced to di-N-benzenesulphonyl-2 : 2'-dithiobenzamide (V), and when the 
main condensation was slow (e.g., with diethyl ketone) this disulphide (V) was sometimes 
found as a by-product. According to the dismutation theory (McClelland and Warren, 
1930, 1096; D'Silva and McClelland, 1932, 2883) the disulphide and the ben zf<;o thiazolonc 
are reversibly interconvertible thus ; 


L N:o-NH-so,PhJj 
V.) 


6t 


S ySH 

NN-sOgPh -i- c.H4< 

CO X:0-NH-SOaPh 
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It was found, in fact, that the dithiobenzamide (V) also condensed wil^i acetylacetonc 
slowly in boiling alcohol and somewhat faster in filing p 3 n:idine. 

No reaction could be detected between mm^esulphonylbenzisothiazolone and ethyl 
phenylacetate at 170® in presence of piperidine, but when pure quinoline was also present 
3-hydroxy-2-2'-quinolylthionaphthen resulted, and with pyridine the analogous pyiidyl- 
thionaphthen was again produced. These products were formed only when all three reactants 
were present, but the result has not been explained. When dimethylanilme was substituted 
for quinoline, an intensely blue substance was found in addition to 2*jV«benzenesulphonyl« 
carbamyl-4'-dimethylaminodiphenyl sulphide (cf, McClelland and Peters, he, cit,), but its 
nature has not been elucidated. 


Experimental. 

Reactions of BenzenesulphonylbemAsothicusolone with Ketonic Substances, — Aceiylacetone, The bens* 
isothiazolone (6 g*) was heated in boiling ethyl alcohol (70 c.c.) with acetylacetone (3 g.) for 2 hours* 
On cooling, Z-(2'-benzenesulphonylcarbamylphenyl-y-thio)pentane-2 : ^dione (III) cr 3 rstalnsed out (yield 
94%). It forms white plates, m. p. 163® (decomp.) (Found : C, 55*1; H, 4-4; S, 16*6, CxtH^^TO^NSt 
requires C, 66*2; H, 4*4; S, 16*4%). This substance gives a red coloration with ferric chlonde. It 
is soluble in benzene or hot methyl or ethyl alcohol but insoluble in ether or hot water. It was un- 
changed by heatinjg in boiling toluene for 6 hours. Attempts to methylate, acetylate, or dehydrate it 
were unsuccessful. It dissolves in cold aqueous sodium hydroxide and is reprecipitated unchanged 
on acidification. After the alkaline solution had been boiled for i hour it contain^ a thionaphthen, 
as shown by the formation of thioindigotin with potassium ferricyanide, and distillation of the solution 
in a current of steam yielded 3-hydroxy-2-acetylthionaphthen (m. p. 79®, not depressed by admixture 
of an authentic specimen), which was converted by phenylhydrazine into l-|henyl-3-methyl-4 ; 6- 
thionaphthenopyrazole, m. -p. 120® (cf. Barry and McClelland, 1936, 472). Benzenesulphonainide 
was deposited from the solution on cooling. 

The addition compound yielded the same acetylthionaphthen when boiled in pyridine for 2 hours 
or heated at 40® for 4 hours with concentrated sulphuric acid. 

Good yields of the same product were obtained direct by heating the benzwothiazolone with acetyl- 
acetone in pyridine for 3 hours. 

The corresponding reaction of 1-p-toluenesulphonylbenzwothiazolone with acetylacetone In alcohol 
3 rielded Z {2'-p-toluenesulphonylcarbafnylphenyl-y-thio)pentane-2 : 4-dione, white plates, m. p. 180® 
(decomp.), from alcohol (Found ; C, 66*4; H, 4*6. CjjHxjOjNS, requires C, 66*3; H, 4*7%), which 
on being heated in pyridine gave the 3-hydroxy-2-aco^lthionaphthen and ^-toluenesulphonamide. 

Condensation of the benzisothiazolone with the diketonic substances, with pyruvic acid, and with 
nt-nitroacetophenone was carried out by boiling equimolecular quantities together in pyri^ne. The 
reaction with ketones (4 — 6 rnols,, or an excess as solvent) took place in presence of a few drops of 
piperidine, the ketone itself or chloroform being used as solvent. Benzenesulphonamide was isolated 
as a by-product in every case. 

Ethyl malonate. This did not react with the thiazolone in the absence of a basic catalyst. The 
mixture, after 4 hours* heating in boiling pyridine, was poured into dilute acid. The precipitated oil 
solidified, and was distilled in a current of steam. 3-Hydroxy-2-carbethoxythionaphthen was thus 
isolated (yield 79%); it separated from alcohol in white plates, m. p. 74® (Found : C, 68*9; H, 4*2. 
Calc. : C, 69*6 ; H, 4*6%) (cf. Arndt, Hirsch, and Nachtwey, Ber,, 1920, 59, 1077). Hydrolysis by 2n- 
sodium hydroxide at 100® yielded 3-hydroxythionaphthen, m. p. 70®, further converted into the 
thionaphthindole of m. p. 261° (McClelland and D*Silva. 1932, 229). 

Ethyl acetoacetaie. This ester gave 3-hydroxy-2-carbethoxythionaphthen (yield 80%). When this 
was distilled in steam, a tarry residue was left from which cold alcohol separated some yellow 3 : 6'-di- 
hydroxy-l : I'-dithionaphthenyl ketone which constitutes the main product from acetone. 

When the reaction was carried out in ethyl alcohol with a little pyridine as catalyst the carbethoxy- 
thionaphthen and unchanged thiazolone were alone isolated, showing that the intermediate compound 
is unstable under these conditions. 

Benzoyl acetone. The reaction mixture after 6 hours* boiling in pyridine was poured into dilute 
acid. The solid precipitated was distilled in a current of steam, to remove unchanged diketone, and 
then extracted with hot alcphol, from which 3-lwdroxy-2-benzoylthionaphthen was deposited in yellow 
needles, ra. p. 116 (Smiles and Ghosh, 1916, 107, 1378). 

A ceione. When the.benzwothiazolone had been heated in boiling acetone with 2 drops of piperidine 
for 4 hours, yellow needles, m. p. 234®, were deported which were identified as 3 : 3'-dihydroxy-2 : 2'- 
dithionaphthenyl ketone (Friediander and Risse, loc, cit.) (Found : C, 62*7; H, 3*2; S, 19*6. Calc. : 
C, 62*6; H, 3*1 ; S, 19*7%), giving the diacetyl derivative, m. p. 183° (Found : C, 01*2; H, 3*3. Calc. : 
C, 01*6; H, 3*4%). A nttle 3-hydroxy-2-acetylthionaphthen was also found. 

When the benzisothiazolone (2 g.) was heated in boiling benzene (100 c.c.) with the hydroxyacetyl- 
thionaphthen (1*6 g.) and 2 drops of piperidine for 7 hours the same dithionaphthenyl ketone was 
produced (yield 68%). 

Methyl ethyl ketone. Under similar conditions this ketone furnished 3-hydraxy-2-propionylthio- 
naphthen, m. p. 74° (Krollpfeifer and Schneider, loc, cit.) (Found : C, 04*3; H, 6*1. Calc. : C, 04*1; 
H, 4*9%) (yield 67%, but this was improved by warming thejm^cf^re for 6 minutes and keeping it for 
10 days). 

Methyl n-propyl ketone. The benzfsothiazolone was boiled with the ketone and 6 drops of piperidine 
in chloroform solution for 7 hours. The mixture was diluted with ether, the solution washed succes- 
sively with dilute acid and water, and evaporated. When the residue was distilled in a current of 
steam, the oil which came over solidified, and the Z-hydroxy-2-n-hviyrylthionaphihen crystallised from 
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methyl! alcohol in white nee^es, m. p. 36“ (Found : C, 65-6; H, 6'7. C^uOj^ requires C, 66-6; 
H, 5*5%)* This substance is slightly soluble in aqueous sodium hydroxide and slowly gives thio- 
indigotm on shakini^ with alkaline ferricyanide. It gives a greenish ^violet ferric chloride reaction. 
This and the preceding propionyl compound failed to react with phenylhydrazine in boiling alcohol 
in presence of a little sulphuric acid after 6 hours* heating. 

Acetophenone, After the reaction, the excess of ketone was removed in a current of steam. The 
residue was 3-hydroxy*2-ben2oylthionaphthen, crystallising from alcohol in pale yellow needles, m. p. 
117^ (Smiles and Ghosh, loc, cit.). 

Pyruvic acid. The product from the condensation, isolated by pouring into acid and collecting the 
precipitate, was 3-hydroxythionaphthenyl-2-glyoxylic acid, yellow plates, m. p. 174®, after drying at 
loo® and Smiles, 1924, 126 . 876). / e 

jn-Nitroacetophenone, After 6 hours* boiling of the reaction mixture, the product crystallised on 
cooling. It was collected, and washed with pyridine, dilute acid, and water. S-Hydroxy-2-m’^itro- 
benzoylthionaphthen crystallises from alcohol in pale yellow needles, m. p. 203® (Found : C, 60*0; H, 
2-9; N, 6*1. C„H, 04 NS r^uires C, 60*2; H, 3*0; N, 4-7%). 

Diethyl ketone. The thiazolone was heated for 12 hours in boiling diethyl ketone with a little 
piperidine, the solvent evaporated, and the residue distilled in steam. The oil which slowly distilled 
was collected in ether, dried (NagSOJ, and the solvent evaporated. 3-Hydroxy-2-methylthionaphthen 
was thus isolated as a yellow viscous oil soluble in aqueous sodium hydroxide. It was converted by 
hot alkaline ferricyanide into 2 : 2'-bis-(3“hydroxy-2-methylthionaphthen), m. p. 161® (cf. McClelland 
and D’Silva, loc, cit,), and by hydrogen peroxide in glacial acetic acid into the dioxide, m. p. 110®. 
Further steam disti^tion after acidification of the mixture yielded a little 3‘hydroxy-2-propionyl- 
thionaphthen, m. p. 70®, while benzenesulphonamide and di-Ar-benzenesulphonyl-2 ; 2'-dithiobenzamide, 
m. p. 226®, were found in the mother-liquor. 

Ethyl acetonedicarboxylate. This ester condensed with the benzisothiazolone on boiling in chloro- 
form for 7 hours with a little piperidine. The solution was evaporated, and the residue acidified and 
distilled in a current of steam, whereupon 3-hydroxy-2-carbethoxythionaphthen came over (yield 
86 %). 

Keaction of Benzenesulphonylbenzisothiazolone with Quinaldine and a-Picoline. — The thiazolone 
(4 g.) was boiled in chloroform (30 c.c.) for 6 hours with quinaldine (4 g.) and 2 drops of piperidine, the 
solution evaporated, and the excess of base removed in a current of steam. The remaining solid (yield 
92%) was ^•hydfoxy-2-2'-quinolyUhionaphthen (IV), which crystallised from benzene in ruby-red prisms, 
m. p. 184® (Found : C, 73-6 ; H, 4-1 ; N, 6-2. C^HnONS requires C, 73-6 ; H, 4 0 ; N, 5-1%). Similar 
results but lower yields were obtained by using p^idine or glacial acetic acid as solvent. This sub- 
stance is soluble in alcohol, chloroform, or hot acetic acid, giving blood-red solutions. It turns yellow 
with alkali or concentrated mineral acids, dissolving in the latter. Hydrochloric acid produced an 
unstable yellow substance, m. p. 117®, presumably a hydrochloride, which was reconverted into the 
parent substance by water. 

Oxidation with ferricyanide in piperidine solution produced a white amorphous solid (purified from 
hot nitrobenzene) cf m. p. 273° (sublimes). This is 2 : 2'-his-(Z-keto-2-2*-quinolyUhionaphthen) (Found : 
C, 73*7; H, 3*8. C,4HjQ02N,Sg requires C, 73*9; H, 3-6%). The acetyl derivative of (IV) forms white 
plates, m. p. 177°, from acetic anhydride (Found: C, 71*4; H, 4-0. CijHijOjNS requires C, 71*5; 
H, 4*1%) and is hydrolysed rapidly by acids or alkalis and slowly by water or boiling alcohol. 

The thiazolone weis boiled with half its weight of a-picoline in glacial acetic acid for 6 hours. The 
product, which separated on cooling (yield 83%), crystallised from alcohol in fawn needles, m. p. 132°, 
of Z-hydroxy-2-2'~pyridylthionaphthen (Found : C, 68*8; H, 3*9. CigH^ONS requires C, 68-7 ; H, 4-C%). 
A similar result was obtained by heating the thiazolone with a-picoline hydrochloride in boiling pyridine, 
but when the reagents were heated in chloroform with piperidine or in picoline alone as solvent the 
product was di-JV-benzenesulphonyl-2 : 2'-dithiobenzamide. 

The hydroxypyridylthionaphthen is soluble in hot alcohol or acetic acid or hot aqueous sodium 
hydroxide. It gives a yellow solution in mineral acids. It is slightly volatile in steam. Its acetyl 
derivative crystallises from acetic anhydride in massive white prisms, m. p. 133° (considerably depressed 
by adding the parent substance) (Found : C, 66*9; H, 4*0. CuHnO^NS requires C, 66*9; H, 4-1%). 

Reaction of Unsubstituted Benzisothiazolone with Ketones and Quinaldine. — No reaction was detected 
when benzisothiazolone was boiled for 12 hours in acetone in presence of piperidine. With methyl 
eth 3 rl ketone a very little hydroxypropionylthionaphthen was formed. With quinaldine after 8 hours* 
boiling in glacial acetic acid the hydroxyquinolylthionaphthen was produced in 32% yield. 

Condensation with Ethyl Phenylacetate, — ^This ester (10 g.) would not react with benzenesulphonyl- 
benzisothiazolone (6 g.) in presence of piperidine at 170®, but when pure quinoline (10 g.) was also present 
reaction had occurr^ after 6 hours* heating. The excess of reagents and solvent was removed from 
the red mixture in a current of steam, and the tarry product extracted with hot aqueous sodium hydroxide. 
The solution was decanted, ^oled, and saturate with carbon dioxide. The red precipitate proved to 
be 3-hydroxy-2-2'-quinolylthionaphthen, m. p. 189° (yield 42%), and benzenesulphonamide was present 
in the mother-liquors. 

In the same way benzenesulphonylbenzwothiazolone, heated with an equal weight of ethyl phenyl- 
acetate in boiling pure pyridine for 7 hours, gave 3-hydroxy-2-2'-pyridylthionaphthen, m. p. 133° 
^eld 39%), and the benzenesulphonyldithiobenzamide. No hydroxyphenylthionaphthen could be 
detected in these reactions. 

The benzenesulphonylbenzwothiazolone also reacted when heated for 6 hours at 170° with ethyl 
phenylacetate and dimethylaniline in presence of piperidine. The products isolated immediately were 
benzenesulphonamide, the benzenesulphonyldithiobenzamide, 2-N-benzenesulphonylcarbamyl-4*-di- 
methylaminodiphenyl sulphide, m. p. 172^, and an intensely blue substance remained in the mother- 
liquor. This was collected chromatographically on anhydrous alumina, removed in alcohol, and 
xttpovered as a blue solid which separates from chloroform-petroleum in blue plates with a golden irides- 
cence, m. p. 198®. It is stable to alkalis, gives yellow solutions in acids, and with hydrogen peroxide 
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la acetic acid yields a substance of m. p. 214^. The fonnation of this blue compound requires the 
presence of the thiazolone, the ester, the dimethylaniline, and the catalyst, but it was also observed 
when 2 : 2'-dit^benzoic acid replaced the first of these or when benzyl cyanide replaced the ester. 

Di-Ji^lfenunesulphonyl-2 : 2'-dithiobenmfnide as a Possible Intermediate in the Reactions. — ^Benzene- 
sulphonylbenzfsothiazolone, boiled for 2 hours in pyridine, gave the dithiobenzamide, m, p* 226® (yield 

The dithiobenzamide (0*5 g.), heated for 2 hours in boiling alcohol with acetylacetone (0*3 g.), gave, 
in addition to some recovered dithiobenzamide, 3-(2'-benzene8ulphonylcarbamylphenyl-l'-thio)^ntane'- 
2 : 4-dione, m. p. 163® (yield 29%). 

The dithiobenzamide, heated in boiling pyridine for 3 hours with acetylacetone (2 mols.), gave 
3-hydroxy-2-acetylthionaphthen (yield 44%) and benzenesulphonamide. 

King's College, Strand, London, W.C. 2. [Received, February 4dh, 1947.] 


312. Researches on Acetylenic Gompounds. Part XI. The Mannich 
Reaction with Monosvhstitvted Acetylenic Com/pounds. 

By E. R. H. Jones, I. Marszak, and (in part) H. Bader. 

The scope of the Mannich reaction with mono-substituted acetylenic compounds, previously 
only applied to activated substances such as phenyl- and vinyl-acetylenes, has been extended to 
include alkylacetylenes and several types of acetylenic alcohols. Excellent yields are obtain- 
able except with the o-ethynylcarbinols [containing the grouping >C(OH)*C=sCH], but their 
acetates react normally. No suggestions for this anomalous behaviour can as yet be offered. 

The application of the weU-known Mannich reaction (for summary see Blicke, “ Organic Re- 
actions,’* 1942, I, p. 303) in the acetylenic series has hitherto been restricted to compounds 
containing an activated ethynyl group, e.g., phenyl- and substituted phenyl-acetylenes (Mannich 
and Chang, Ber., 1933, 66, 418) and vinylacetylene (Coffman, J. Amer. Chem. Soc., 1935, 67, 

Ph*C=CH + H-CHO + HNR, — y Ph-C=C*CHg-NR, 

1978; Carothers and du Pont, U.S.P. 2,110,199). With acetylene itself the reaction has to 
be effected under pressure in the presence of a copper acetylide catalyst, under which con- 
ditions propargylamines (HC^C'CHa^NRa) and the corresponding diamines are formed, the 
former preponderating (I.G. Farb., B.P. 610,904; U.S.P. 2,273,141). 

The present study was under^ken with a view to extending the scope of the Mannich 
reaction to various types of acetylenic compounds. During the progress of this work inform- 
ation became available that some similar studies had been made in Germany (B.I.O.S. Final 
Report No. 266; item No. 22) and although no experimental details are available, it seems 
that copper catalysts were invariably employed. 

In all the reactions described in this paper the appropriate reagents were heated in dioxan 
solution at about 80° in nitrogen. 1-Hex3me, the only hydrocarbon examined, gave a 75% 
yield of l-diethylaminohept-2-yne (I). a-Ethynylcarbinols of type (II), invariably gave exceed- 

(I.) C4H,-C=C-CH/NEt, RRiC(OH)-C3:H (II.) 

(III.) RRjC(OAc)*C=OCH**NEtj CH,-CH(OH)-CH=CH-C=CH (IV.) 

ingly poor yields of the expected amines, but their acetates on the other hand behaved normally 
and yields of amines (III) ranging from 60 to 90% were obtained with the acetates 
of representative primary, secondary, and tertiary carbinols. The inhibiting effect of the 
hydroxyl group is apparently restricted to the a-position since the p-ethynylcarbinol 
[CH3*CH(0H)*CH2*C=CH] gave a 60% yield of amine. With conjugated ethynyl-ethylenic 
carbinols such as (IV) no inhibiting effect of the hydroxyl groups was observed, 80— -86% 
yields of the expected amines being achieved both with the carbinols themselves and with 
their acetates. The products in these cases all exhibited similar light absorption properties 
in the ultra-violet, arising from the presence of the conjugated ethylenic-acetylenic chromophore. 

The partial and complete hydrogenation and also other reactions of the acetylenic amino- 
alcohols described in this paper are being studied and will be reported on in a subsequent 
communication. 

Experimental. 

Light-absorption data were determined in alcoholic solutions. 

X-Diethylaminohepi-t-ym (I).— »To a warm solution of diethylamine (16 g.) and trioxymethylene 
(7*2 g.) in dioxan (20 c.c.J, a solutloii of 1-bexyne (16*4 g.) in dioxan (10 c.c.) was added and the mixture 
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was heated on a steam-bath for 15 hours in an atmosphere of nitrogen. Ether was added, and tho 
basic product was isolated by washing with 2N-hydrochloric acid and then liberated with sodium 
hydroxide (10%). After ether extraction, drying (NajSO*). and evaporation, distillation gave l-diethyl- 
aminohepi-2-yne (26*7 g.; 77%), b. p. 100^/20 mm., 1-4513 (Found : C, 78-95; H, 12-5. CuHjiN 
requires C, 78-95; H, 12-6%). The picrate, prepared in methanol, crystallised from this solvent as 
long prisms, m. p. 75® (Found : C, 51*8; H, 6*2. Ci7Hj407N4 requires C, 51-5; H, 6-1%). 

l-Diimthylamino-4facetoxyprop-2-yne. — mixture of dimethylamine (6 g.), trioxymethylene (4-7 g.), 
and propatgyl acetate (12 g.) in dioxan (25 c.c.) was heated for 34 hours on a steam-bath. The amine 
(8-8 g.) had b. p. 65®/0-7 mm., 1-4531 (Found : C, 61-55; H, 8-85. CgH^O^N requires C, 61-9; 
H, 8-46%). The methiodide crystallised from methanol-ether in prisms, m. p. 140® (Found : C, 36-75; 
H, 5-55. C^HigOaNI requires C, 36-35; H, 6-45%). 

l-Diethylamino-^acetoxyhept-2-yne (III; R = H; Rj = M-Pr). — ^The standard method (20 hours* 
heating) employed with diethylamine (8 g.), trioxymethylene (3-9 g.), and 3-acetoxyhex-l-yne (14 g. ; 
Bowden, Heilbron, Jones, and Weedon, /., 1946, 46) in dioxan (16 c.c.) gave the amine (20 g.), b. p. 
81®/01 mm., 1-4546 (Found : C, 69-2; H, 10-4. CiaHjaOjN requires C, 69-26; H, 10-3%). The 
same base was obtained, but in poorer yield, by carrying out the reaction at 20®. The oxalate crystal- 
ised from ethanol-ether as fine prisms, m. p. 90-5® (Found : C, 67-2; H, 7-66. CisH-sOaN requires 
C, 67-1 ; H, 8-0%). 

\-Diethylamino-V-acetoxy-2‘Cyc\ohexylprop-2-yne (III; RR' = CgHio)* — ^Diethylamine (12 g.), tri- 
oxymethylene (6-4 g.), and eth3mylcyc/ohexanyl acetate (24-9 g.) in dioxan (26 c.c.) after being heated 
for 30 hours gave the amine (29-7 g.), b. p. lll°/0*6 mm., 1-4806 (Found : C, 71-96; H, 10-25. 
CieHj.OjN requires C, 71-66; H, 10-05%). The picrate crystallised from methanol in plates, m. p. 
114® (Found : C, 62*6; H, 6-9. CjiHagOgNi requires C, 52-46; H, 6-9%). 

l-Diethylaminohex-2~yn-5-ol. — ^After a mixture of diethylamine (12-4 g.), trioxymethylene (6-75 g.), 
and pent-l-yn-4-ol (12-6 g. ; Haynes and Jones, 1946, 966) had been heated on a steam-bath for 
30 hours, the amine (16 g.) was isolated with b. p. 73®/0*l mm., w},®* 1-4740 (Found : C, 71-0; H, 11-46. 
CjoHijON requires C, 70-96; H, 11*3%). The picrate crystallised from benzene in prisms, m. p. 78® 
(Found : C, 48-4; H, 6-65. Ci«Hsj04N4 requires C, 48-2; H, 6-65%). 

l-Dietkylaminohex-^-en-2~yn-6-ol . — A mixture of diethylamine (16 g.), trioxymethylene (7-2 g.), 
and pent-2-en-4-yn-l-ol (16-4 g., Haynes, Heilbron, Jones, and Sondheimer, Part XIII, this voL, p.l683) 
in dioxan (26 c.c.) on being heated for 26 hours on a steam-bath gave the amine (26*4 g.), b. p. 136°/1 mm., 
n^\ 1-5102 (Found : C, 72-1; H, 10-26. C10H17ON requires C, 71-8; H, 10-26%). Light absorption : 
Maximum, 2270 A.; e « 15,600. Inflexion, 2370 A., e — 12,600. The a-naphthylurethane crystallised 
from petroleum (b. p. 80 — 100°) in plates, m. p. 79® (Found : C, 75*06 ; H, 7*4. C2iH,40sN2 requires 
C, 74-95; H. 7-2%). 

l-Dietkylaminohept-^-en-2-yn-^’Ol. — ^The standard method (36 hours* heating) employed with diethyl- 
amine (12-4 g.), trioxymethylene (6 g.), and hex-3-en-6-yn-2-ol (13-8 g. ; Heilbron, Jones, and Weedon, 
1945, 81) in dioxan (20 c.c.) gave the amine (21 g.), b. p. 85®/0-l mm., wj?" 1-5003 (Found : C, 73-1 ; 
H, 10-76. CiiH„ON requires C, 72-86; H, 10-66%). Light absorption: Maximum, 2270 a.; e« 
16,000. Inflexion, 2360 a. ; e = 13,000. The picrate, prepared in methanol, crystallised from benzene 
in plates, m. p. 118® (Found : C, 49-96; H, 6-65. requires C, 49-76; H, 6-4%). 

l-Dimethylamino-%-acetoxyhept-^~en-2-yne, — ^A mixture of dimethylamine (6 g.), trioxymethylene 
(3-6 g.), and 2-acetoxyhex-3-en-6-yne (13-8 g. ; Jones and McCombie, /., 1943, 261) in dioxan (30 c.c.) 
after being heated for 24 hours on a steam-bath gave the amine (16-2 g.), b. p. 72°/0-6 mm., 1*4808 
(Found: C, 68-16; H, 8-7. CiiHi,02N requires C, 67-66; H, 8-8%). The methoperchlorate crystal- 
lised from methanol-ether in plates, m. p. 112-6® (Found : C, 46-76; H, 6-36. C12H20O4NCI requires 
C, 46-5; H, 6-6%). 

\-Diethylamino-^-acetoxyhept-4t-en~2-ync. — Prepared as above using diethylamine (8 g.) instead of 
dimethylamine, the amine (19-1 g.) had b. p. 108 — 110®/! mm., ti}?* 1-4800 (Found : C, 69-5; H, 9-4. 
CjjHjiOjN requires C, 69-9; H, 9-6%). 

The authors thank Sir Ian Heilbron, D.S.O., F.F.S., for his interest and encouragement and 
Dr. E. A. Braude for the light-absorption data. 

Imperial College op Science and Technology, London, S.W.7. 

Centre National de la Recherche Scientifique. 
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313. Researches on Acetylenic Coni'pounds. Part XII. The Prepar- 
ation of Conjugated Diacetylenic Glycols hy the Oxidative Coupling of 
Various Types of Ethynylcarbinols. 

By K. Bowdbn, Sir Ian Heilbron, E. R. H. Jones, and K. H. Sargent, 

Contrary to the experiences of earlier workers it has now been found that the coupling 
of ethynylcarbinols to diacetylenic glycols, by aerial oxidation in the presence of cuprous 
ammonium chloride, is a ^eneim reaction applicable to carbinols of various types. The scope 
of synthetic reactions mth acetylenic compounds is thereby considerably extended, and 
these interesting glycols become readily available for more detailed study. Moreover, the 
function of the cuprous salt appears to be largely catalytic, and coupling can be effected 
with the use of much less than one equivalent of cuprous ammonium chloride. Light- 
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a]MK>rptioii data for the conjugated diacefTfaaa dmsniophoio are recorded and compared with 
tlioee ^ conjugated diene and vinylacetylme systems. 


The lormatioxi of diacetylenes by the oxidative coupling of metallic derivatives of mono* 
substituted acetylenes was first observed as early as 1869, and several alternative procedures 
have since been described. These mainly involve oxidation of either the cuprous or the 

2R-OC~M — ^ R— CSC— CSC— R 


halogenomagnesium acetylides with agents such as oxygen, ferricyanide, cupric salts, etc. 
(For summary and references see " The Chemistry of Acetylene,** Nieuwland and Vogt, 
Rheinhold, New York, 1945.) Cupric acetylides are apparently unstable, and, in all reactions 
in which they should be produced, coupling to diacetylenes occurs. 

The oxidation of the readily available etbynylcarbinols [e.g., I) is of particular importance 
and interest since it provides facile synthetic routes to bifunctional compounds difficult to 
prepare by other means. This is especially true since the only alternative route to the 


(I.) RiR»C(OH)-CSCH ^ 
HCSCKSCH + 2RiR,CO ^ 


RiR,C(OH)*C=C*C=C-C(OH)RiR, 


(II.) 


diacetylenic glycols (II), i,e,, via diacetylene, is ruled out because of the practical difficulties 
involved in preparing this hydrocarbon in quantity. It should be noted, however, that 
diacetylene has become available in Germany in recent years as a by-product (7%) in the 
Huels arc process for the production of acetylene from gaseous hydrocarbons. 

Zal’kind and his collaborators (J. Gen. Chem. Russia, 1937, 7, 227; 1939, 9, 971, 1725; 
Ber., 1936, 69, 128) reported that aerial oxidation of the cuprous acetylides of tertiary ethynyl- 
carbinols at room temperature gave good yields of the corresponding diacetylenic glycols, but 
that only very indifferent yields could be obtained with secondary etbynylcarbinols. These 
authors sought a theoretical explanation of this lack of reactivity of the secondary carbinols 
in terms of the opposing inductive effects of the hydroxyl and alkyl groups involved. 

It has now been ascertained that by carrying out the aerial oxidation at somewhat higher 
temperatures, e.g, in the range 50 — 70®, coupling of a wide variety of etbynylcarbinols can be 
achieved, in most cases to give excellent yields. Methyl-, propyl-, and phenyl-ethynylcarbinols 
give the secondary glycols (III ; R =: Me, Pr, and Ph respectively) as mixtures of the dU and 
W5so-forms. The reaction can be extended to carbinols made from alkylene oxides giving the 
glycols {IV ; R = H and Me), the latter again probably as a mixture of stereoisomerides. The 


(III.) R-CH(OH)-C=C-C=C-CH(OH)-R R-CH(OH)-CHj-C=C-C=C*CHj|-CH(OH)-R (IV.) 

CH,-CH(OH)‘CH=CH*C=C-C^OCH=CH’CH{OH)-CH8 (V.) 

glycol derived from ethylene oxide {i.e,, IV; R = H), the structure of which has been proved 
by hydrogenation to octane- 1 : 8-diol, is remarkably unstable, being very readily converted 
into a scarlet insoluble pigment by what appears to be a photo-catalysed oxidation. 

Not only can simple etbynylcarbinols be coupled up by this process, but even conjugated 
ethynylethylenic carbinols such as hexenynol [CH8*CH(OH)*CHPXH'C^CH] can be oxidised. 
The glycol (V) obtained from this carbinol is a crystalline solid, presumably stereochemically 
pure, and its structure is proved by its hydrogenation to dodecane-2 : 11-dio/, which on oxidation 
gives sebacic acid. Another example of this type is furnished in Part XIV (p, 1586) where the 
light-absorption data for the chromophore present in glycols such as (V) are discussed. 

In addition to demonstrating the general nature of this oxidative coupling reaction, it has 
also been shown, contrary to earlier work in this field, that it is unnecessary to employ a large 
excess of cuprous ammonium chloride. While this work was in progress information became 
available that the I.G. Farb. at Ludwigshafen had effected the oxidation of propargyl alcohol 
to hexadiynediol using only catalytic quantities of cuprous salt. Three representative glycols 
(II, Ri « Me, Rj = Et; II, RjR* « CH, < [CH 2]4 >; and III, R « Pr) have been pre- 
pared in this way, by employing 0’2 — 0*5 equivalent of cuprous chloride. Although the 
process is rendered somewhat slower and higher reaction temperatures have to be employed, 
the yields remain excellent. 

The lig^t-absorption properties of the diacetylenic glycols, recorded in fiie accompanying 
Table, agree with those previously determined for 2 : 7-diimethylocta-3 : 5-diyne-2 ; 7-diol 
(H; Rj =5s R^j Me) (mentioned by Jones and McCombie, 1943, 261). The conjugated 
diacetylene chromophim exhibits absorption at rather longer wave-lengths than conjugated 
vinylacetylenes and dienes, but the intensities are only of a very low order. The progressive 
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dioaiimtion in intensity and the accompanying appearance of fine structure in the conjugated 
diene, en-yne, and di-yne systems is of some interest. 

Various aspects of the chemistry of these readily accessible diacetylenic glycols are at 
present being studied in these laboratories. 


LighUahsorpiion data of conjugated diacetylenic glycols compared with those of 
conjugated dienes and vinylacetylenes. 


(In alcoholic solutions.) 

Amox., A. 

Sbuuk.* 

CHaCH=CH*CH=CHj i 

2236 

23,000 

ch8*ch(oh)*ch=ch*C3:h * 

2230 

13,500 


2300* 

9,500 

MejC(OH)«C=C-C— C-C(OH)Mea 

2290 

310 

2410 

300 


2560 

180 

HO*CH,-CHa-C^C-C3:CH,-CHj-OH 

2280 

540 

2390 

540 


2610 

360 

CH3*CH(OH)*CH8-C=C-C=C-CH8*CH(OH)*CH3 

2260 

355 


2410 

410 


2640 

250 

CH8-CH(0H)*C=C*C^C*CH(0H)CH8 (m. p. 67°) 

2300 

1,930 

2370 

1,860 

C3H7*CH(0H) •C=C-C=C-CH(OH)-C8H7 

2320 

360 


2420 

400 


2550 

265 


2820* 

90 

0 

1 
III 
o 

2310 

294 

o< >o 

2420 

2440 

347 

332 

OH HO 

2570 

160 

C,H6-CMe(OH)-C=C*C=CCMe(OH)-C,H8 

2300 

330 

2420 

368 


2550 

204 

C8H„-CMe(OH)*C=CC=C-CMe(OH)*C8H„ 

2400^ 


2420 y 

515 


2520 J 



2660 

555 


2820 

465 


3080® 

135 

Ph-CH(OH)*C=C*C~C*CH(OH)*Ph 

2460 

1,160 

2600 

785 


♦ Inflexion. 

^ Booker, Evans and Gillam, 1940, 1453. 

* Jones and McCombie, /., 1943, 261. 

® This band may arise from the presence of a small quantity of dehydrated material. 


Experimental. 

Octa-S : 5-diyne-2 : l-diol (III; R « Me). — ^Methylethynylcarbinol (37 g.) in ethanol (20 c.c.) was 
added to a mixture of cuprous chloride (100 g.), ammonium chloride (160 g.), hydrochloric acid (1 c.c.), 
and water (426 c.c.) at room temperature. The temperature was raised to 66° and air was passed in for 
hours, a condenser containing solid carbon dioxide and alcohol being used to prevent loss of carbinol. 
Isolation with ether and distillation gave a mixture of stereoisomers of octa-3 : 6-di3me-2 : 7-diol (31 g.), 
m. p. 84 — 87° (change of state at 66°), b. p. ca, 120°/10-* mm. A single process of chromatography on 
2 g. of this product gave one of the stereoisomeric forms (0*3 g.), m. p. 64 — 67° (Lespieau, Ann. Chim., 
1912, 27 , 187, quotes m. p. 67*6 — 68° for one of the isomeric forms. The other has m. prriOS — 109° 
according to Zai'kind and Gverdtsiteli, J, Gen. Chem. Bussia, 1939, 9 , 971). 

Dodeca-b : 1-diyne-^ : ^iol (III; R s=s pr). — (a) Propylethynylcarbinol (25 g. ; Bowden, Heilbron, 
Jones, and Weedon, /., 1946, 46) in ethanol (25 c.c.) was added dropwise during 15 minutes to a solution 
of ammonium chloride (160 g.), cuprous chloride (100 g.), and concentrated hydrochloric acid (1*6 c.c.) 
in water (460 c.c.) at 60 — 66°. The mixture was stirred for 16 minutes at this temperature ; air was 
then passixl in for 2 hours, by which time the mixture had assumed a deep greenish colour. After 
cooling, the product was isolated with ether and distilled from a Claisen flask with a low, wide side- 
arm giving the glycol (21*2 g.), b. p. 134°/10-* mm., wg* 1*6178 (Zarkind and Gverdtsiteli, loc. cit., 
give b, p. 169 — 162°/7 mm.). 

(b) Propylethynylcarbinol (5 c.c.) was added to a solution of ammonium chloride (16 g.), cuprous 
chlonde (10 g.), and concentrated hydrochloric acid (0*15 c.c.) in water (45 c.c^ during 5 minutes. 
With the mixture at a temperature of 60 — 66°, air was passed in and a further 25 c.c. of the carbinol 
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wa8 added dropwise during I hour. " After oxidation for 8 hours precipitation of cupric salts com* 
menced. Sufficient dilute hydrochloric acid was added to the cooled mixture to dissolve the solid, 
and isolation with ether gave tiie glycol (23 g.), b. p. 138®/10“* mm., 1*5178. One of the stereo- 
isomeric forms of ^e bU-orimphthytuntham was isolated from the mixture of isomers by recrystaitis- 
ation from ethanol. It formed needles, m. p. 158^ (Found : N, 5*05. C34Hto04N| requires N, 5*25%). 

DoAecwM*^ ; 9-dto/. — ^Dodeca-6 : 7-diyue-4 : 9-diol (4*85 g.) in ethyl acetate (lOO c.c.) was hydro- 
genated in the presence of platinic oxide (10 mg.) until absorption ceased. Removal of catalyst and 
solvent and crystallisation of the residual solid from light petroleum (b. p. 40 — 60®) gave dod$cane» 
4: 9-dfo/ (4*5 g.) as lustrous leaflets, m. p. 53° (Found : C, 71*45; H, 12*75. CnHifO, requires C, 
71*25; H, 12*96%). 

1 : ^'Diphenylhexa-2 : ^-diyue-l ; %-diol (III; R — Ph). — Phenylethynylcarbinol (26 g. ; Jones and 
McCombie, 1942, 733) in ethanol (60 c.c.) was added to a mixture of ammonium chloride (160 g.), 
cuprous chloride (100 g.), concentrate hydrochloric acid (1*5 c.c.), and water (460 c.c.) at 60^—55°. 
Air was passed in for 2 hours; isolation with ether and crystallisation from benzene gave a mixture 
of stereoisomers as leaflets (12 g.), m. p. 102°. Repeated crystallisations from benzene gave matted 
needles with m. p. 122° (sintered at 90^ and softened at 103°) (Zal'kind and Gverdtsiteli, loc. cit.^ give 
m. p. 132—133°). 

Octa-S i b-diyne~l : S-diol {IV; R = H). — A solution of but-l-yn-4-ol (15 g.) (Macullum, U.S.P. 
2,125,384) in ethanol (25 c.c.) was added to ammonium chloride (96 g.), cuprous chloride (60 g.), and 
concentrated hydrochloric acid (0*9 c.c.) in water (270 c.c.) during 20 minutes. Air was passed in at 
50—55° for 2 hours and after the mixture had been cooled and saturated with salt the product was isolated 
with ether, giving octa-Z : 6-diyne-l : 8-diol (7*1 g.), m. p. 42 — 43°, b. p. 136°/10“* mm. The solid 
became scarlet on exposure to light and air and no satisfactory analytical data could be obtained 
(Found: C, 68*0; H, 7*1. C^HioO, requires C, 69*6; H, 7*3%). The diacetate crystallised from 
petroleum (b. p. 80 — 100°) in needles, m. p. 63° (Found : C, 64*86 ; H, 6*3. CUH14O4 requires C, 
64*85; H, 6*36%). A solution of the diol (3*3 g.) in ethyl acetate (60 c.c.) was hydrogenated in the 
presence of platinic oxide (20 mg.) giving octane-1 : 8-diol (3*0 g.), m. p. 60 — 61° (from ethyl acetate) 
(Franke and Lieben, Monatsh., 1914, 85, 1939, give m. p. 60°). 

Deca-4t : Z-diyne-Z : 9-dio/ (IV ; R = Me). — l-Pentyn-4-ol (26 g., Haynes and Jones, /., 1946, 964) 
in ethanol (60 c.c.) was added to a mixture of ammonium chloride (160 g.), cuprous chloride (100 g.), 
concentrated h3’^drochloric acid (1*6 c.c.), and water (460 c.c.) at 60 — 66° during 30 minutes. Air 
was then passed in for 135 minutes at 60—65°, and extraction of the cooled mixture with ether and 
distillation of the dried extract gave deca-^ : 8-diyne-2 : 8-diol (20*35 g.), b. p. 136°/10“* mm., wj?* 1*6346. 
This material solidified at 0° but melted at room temperature (Found : C, 72*35; H, 8*7. C10H14O, 
requires C, 72*3; H, 8*6%). One of the stereoisomeric forms of the bis-Z : b-dinitYohenzoatCt m. p. 192°, 
was isolated by fractional precipitation with petrol from an ethyl acetate solution of the mixture of 
isomers (Found : N, 10*0. C24HJ8O19N4 requires N, 10*1%). 

Di-(\-hydroxycyc\ohexyl)butad%yne (II; R^Rj = CgHi®). — 3 C.c. of a solution of 1-ethynylcyr/o- 
hexanol (25*2 g., Hennion and Murray, J[. Amer. Chem. Soc,, 1942, 64, 1220) in ethanol (30 c.c.) were 
added to a solution of ammonium chlonde (8 g.), cuprous chloride (2*6 g., 0*2 equivalent), and con- 
centrated hydrochloric acid (0*6 c.c.) in water (26 c.c.) at 30°, and the mixture stirred for 5 minutes. 
The temperature was raised to 70°, air was passed in, the rest of the carbinol solution was added drop- 
wise during 3J hours, and oxidation was continued for a further 4^ hours. The mixture was pourM 
into 300 c.c. of ammonium chloride solution and the precipitated solid completely freed from copper 
salts by washing it with N-hydrochloric acid followed by water. After being dried, this solid was 
recrystallised twice from benzene to give di-(l-hydroxycyc/ohexyl)butadiyne (23*5 g.), m. p. 173° 
(Zal’kind and Aizikovich, J. Gen, Chem, Russia, 1937, 7, 227, give m. p. 173°) (Found: C, 78*05; 
H, 8*86. Calc, for C^He^Oj : C, 78*0; H, 9*0%). 

3 : Z-Ditnethyldeca-4: : Z-diyne-Z : S-diol (II; R, ~ Me; R* = Et), — 10 C.c. of a solution of methyl- 
ethylethynylcarbinol (20*8 g, ; Campbell, Campbell, and Eby, J, Amer. Chem, Soc., 1938, 60, 2882) 
in ethanol (25 c.c.) were added to a solution of ammonium chloride (8 g.), cuprous chloride (2*5 g.), 
and concentrated hydrochloric acid (0*06 c.c.) in water (25 c.c.), and the mixture stirred for a minute 
at room temperature. The colour chaUged from brown to green. The temperature was raised to and 
maintained at 66 — 70° whilst air waS passed in at a rate of about 2 1. per minute. The remainder of 
the carbinol solution was added in 5 c.c. portions during the next 8 hours, and the oxidation was con- 
tinued for a further 6 hours. The coolw mixture was poured into 200 c.c. of ammonium chloride 
solution and the resultant solid washed with dilute hydrochloric acid to give 14 g. of a solid, m. p. SO- 
SO®. With 6 equivs. of cuprous ammonium chloride solution the yield is slightly better and the reaction 
takes only 2 hours. Solution of a portion (2 g.) in the minimum volume of ethyl acetate followed by 
partial precipitation with petroleum (b. p. 80—100°) gave one of the stereoisomeric forms (0*86 g.), 
m. p. 88° (LG. Farb. F.P. 766,469 give m. p. 89°) (Found : C, 73*96; H, 9*26. Calc, for CuHi-O. : 

C, 74*2; H, 9*36%). 

Dodeca-Z : d-diene-5 : 'J-diyne-Z : ll-diol (V) (with F, Sondheimer). — H ex-3-en-6-yn-2-ol (6 g. ; 
Heilbron, Jones, Smith, and Weedon, 1946, 67) was slowly dropped into a stirred solution of 
ammonium chloride (80 g.) and cuprous chloride (50 g.) in water (200 c.c.), maintained at 55°. Air was 
bubbled through the red solution at this temperature for 2 hours during which time much black gum 
separated. The product isolated by repeated ether extraction contained much polymeric material 
from which it was separated by boiling with water. This furnished the diol ( 1 *5 g.) as light yellow needles, 
m. p. 92°, which after recrystallisation from either water or benzene (nitrogen atmosphere) gave colour- 
less needles, m. p. 94 — 95* (Found : C, 76*6; H, 7*45. CijHmO, requires -C, 76*75; H, 7*4%). The 
glycol slowly becomes yellow in air. light absorption : see Part XlY, p. 1587, 

Dodecane-2 : ll^diol (with F. Sondbeimer). — ^A solution of the above glycol (400 mg.) in methanol 
(20 c.c.) was shaken with hydrogen in the presence of platinic oxide (10 mg.) until absorption was 
complete. Cr3rstallisation of the product from pentane<-ether (3 : 1) gave dodecane-2 : \l-diol (ZbO mg.) 
as pUtes, m. p. 64—56° (Found : C, 71*1 ; H, 12*86, requires C, 71*26; H, 12*96%). Oxid- 
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ation of the diol with chromic acid in sulphuric acid gave a 76% yield of dodecane*2 : 11-dione, leaflets 
from light petroleum fb. p. 40-^-60®), m. p. 67® (Cason and Prout, /. Amer, Ghent. Soc., 1944, 66 , 48 , 
give m. p. 67*4— 67‘8®). Sebacic acid, m. p. 130 — 131®, undepressed on admixture with an authentic 
specimen (m. p. 132®), was obtained when the diketone was shaken with sodium hypobromite solution 
for 48 honrs at 20®. 

10 : IR^Dimethyltetracosa-’ll : l3-diyne-l0 : 15‘diol (II ; = Me ; R, = CgHig). — Methylnonylethynyl- 

carbinol (10 g. ; I-ocquin and Sung, Compt. rend., 1922, 174 , 1427) in ethanol (10 c.c.) was added 
to a mixture of ammonium chloride (64 g.), cuprous chloride (40 g.), concentrate hydrochloric acid 
(0*4 c.c.), and water (200 c.c.), and stoed at 65—67®. Oxygen was passed through at about 3 1. per 
minute, and after 46 minutes the reaction mixture was cooled, hydrochloric acid was added to dissolve 
copper salts, and the product was isolated with ether. Distillation gave the glycol (2-76 g.), b. p. 
210710^ mm., m. p. 40—43® (Found : C, 79-9; H, 11-7. requires C, 79-96; H, 11-86%). 

5-4 G. of carbinol were recovered. 

The authors thank the Rockefeller Foundation and I.C.I. Ltd., Dyestuffs Division, for financial 
assistance, and the Department of Scientific and Industrial Research for a maintenance grant (K. H. S.). 
Light-absorption data were determined by Dr. E. A. Braude. 

Imperial College of Science and Technology, 

London, S.W.7. [Received, January \%th, 1947J 


314 . Researches on Acetylenic Compounds. Part XIII. The Reaction 
Between Epichlorohydrin and Sodium Acetylide. A Novel Route to 
the Eihynyl-ethylenic Alcohol, Pent-2-en-4cryn-\-ol.* 

By L. J. Haynes, Sir Ian Heilbron, E. R. H. Jones, and F. Sondheimer. 

Condensation between epichlorohydrin and sodium acetylide in liquid ammonia gives, 
rather unexpectedly, the ethynyl-ethylenic primary alcohol, pjentenynol (I). Evidence is 
adduced to show that this reaction proceeds via the ethynyl oxide (III) ; in particular, it is 
demonstrated that 1 ; 2-epoxy-3-phenylpropane (Ph^CHj-CH-CHj) is isomerised to cinnamyl 

alcohol by treatment with sodamide in liquid ammonia. Analogous condensations with the 
sodio-denvatives of 1-hexyne and phenylacetylene give similar products, albeit in poorer yields. 

In connexion with the synthesis of various types of acetylenic hydroxy-acids and the derived 
unsaturated lactones (Haynes and Jones, J., 1946, 503 and 954) the condensation of various 
oxides or epoxy-compounds with sodium acetylide in liquid ammonia has been investigated. 
This paper describes some rather unexpected results which were obtained when epichlorohydrin 
was employed in such reactions. There is only one instance in the literature of the reaction of 
epichlorohydrin with an acetylenic compound, namely^ phenylacetylenylmagnesium bromide 
(lotsitch, J. Russ. Phys. Chem. Soc., 1903, 35, 554), when a normal addition product, either 
Ph-C^-CH2-CH(0H)-CH2C1 or Ph-C^-CH(CH2C1)-CH2-0H, w^as obtained in poor yield. 

When epichlorohydrin reacts with sodium acetylide in liquid ammonia, the sole product, 
obtained in about 40% yield, is the ethynylethyleiiic alcohol, pent-2-en-4-yn-l-ol (I). This 
substance had already been prepared in these laboratories in extremely poor overall yield from 

HC=CNa + Cl-CHa-CH—CHo — y- HC=C-CH=CH-CH2-OH (I.) 

HC=C-CH(OH) -CH^CHg (II .) 

acraldehyde via vinylethynylcarbinol (II) (Heilbron, Jones, Lacey, McCombie, and Raphael, 
1945, 77). The yield of the primary alcohol, based on the epichlorohydrin, is markedly 
dependent on the quantity of sodium acetylide employed. Thus with equimolar quantities of 
chlorohydrin and sodium under standard conditions, the yield is only 16%, but it is not improved 
beyond 40% when more than two moles of sodium to one of chlorohydrin are employed. 
Varying the reaction time from 5 to 18 hours has no appreciable effect upon the yield, and this 
was considerably reduced in an experiment in which the reaction mixture was kept under 
pressure at room temperature for 18 hours. When epibromohydrin is used under the optimum 
conditions found for the chlorohydrin, only a 26% yield of pentenynol is obtained. With 
sodium acetylide in liquid ammonia epi-iodohydrin yields mainly di-iodoacetylene. 

The formation of pentenynol (I) from epichlorohydrin can conceivably take place by either 
of two routes, A and B, depending upon whether the initial reaction step is one of sub.stitution or 

* Patent application pending. 
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addition. Concliisivie evidence has been obtained to show that route involv^ the 
intermediate formation of an etbynyl oxide (HI), by elimination of sodium chl<;>ndeii gives the 
more accurate picture of the reaction sequence. If, in the reaction with sodium ao^tylide, 
l-bromo-2 : 3-epoxybutane (IV) is employed in place of epichlorohydrin, diSezent products 
would be expected according as to whether the reaction proceeds by route A or route B, Both 

Route A HC=CNa -f Cl-CHa-CH— CH, — ^ H(SC-CHj-CH— CH, (III.) 

\o/ I No/ 

HC=C*CH=CH-CH8-0H (I.) 

t 

Route B HC=CNa + CH,— CH*CH,C1 — >.HC~C-CH,-CH(ONa)-CH,a 

\o/ 

of these possible products had already been prepared and characterised in these laboratories and 
it was comparatively simple to demonstrate that the product obtained in 45% yield by 
interaction of the bromo-compound (IV) with sodium acetylide is the straight chain secondary 
alcohol, hexenynol (V). 

Route A HC=CNa 4- Br-CHj-CH— CH-CH* (IV.) — >-HC^C-CH=:CH-CH(OH)-CH, (V.) 

\o/ 

Moute B. HC^CNa -h CH 3 -CH~-CH-CH 2 Br — HCHC-C =CH-CH 2 *OH 

'No/ CH, 

The rearrangement of the ethynyl oxide (III) to the primary alcohol (I), inherent in scheme 
A, has been shown to be highly probable by studying the action of alkaline reagents on 
1 : 2-epoxy- 3-phenylpropane (3-phenylpropylene oxide) (VI). It remains unaffected on treatment 
with 10% potassium hydroxide and also with sodium acetylide in liquid ammonia, but with 

(VI.) Ph-CHj-CH-~CH2 — ^ Ph-C—HCH-CHa-OH 

No/ 

a molecular proportion of sodamide in this medium an 80% yield of cinnamyl alcohol is obtained. 
It is well known that oxides rearrange under suitable conditions to aldehydes or ketones ; in 
the case of oxides of the type of (III) and (VI), however, it may well be that isomerisation of the 
ethylenic bond in the interme^ate enol form is brought about by the tendency to form 
conjugated vinylacetylene and styrene systems respectively. 

Attempts to extend the scope of the novel reaction between epichlorohydrin and sodium 
acetylide, by using substituted acetylenes, have not been particularly successful. Thus 
phenylacetylene gives only a 15% yield of the primary alcohol {^•phenylpenU^-enr^-yn-X’oT) 
(VII), the structure of which is confirmed by the ultra-violet absorption data and by 

(VII.) Ph-C=C*CH==CH-CH,*OH C4H3-(SC-CH=CH-CXH3-OH (VIII.) 

hydrogenation and then oxidation to 3-phenylvaleric acid. Similarly, although a reaction 
time of 42 hours is necessary, 1-hexyne gives ^to«-2-eM-4-y«-l-o/ (VIII) in 20% yield, converted 
into n-nonyl alcohol on hydrogenation. 

Experimental. 

Light-absoiption data determined in alcohol solutions. 

PffW/-2-e«-4-yM-l-oZ (I). — (a) To a solution of sodium acetylide in liquid ammonia (7 1.), prepared from 
sodium (276 g.), using the ferric nitrate catalyst of Vaughn, Vogt, and Nieuwiand (/. Amer. them, Soc., 
1934, 56 , 2120) to catalyse the formation of sodamide, epichlorohydrin (555 g.) was run in during 2 hours 
with stirring and cooling (alcohol-carbon dioxide). Nitrogen was introduced during the addition and 
during the subsequent 16 hours' stirring after which ammonium chloride (660 g.) was added during 2J 
hours and the ammonia evaporated on the steam-bath. Ether (3 1.) was added, and solid r^mue 
obtained on filtering was dissolved in water. A small quantity of tar was removed by filtration, the 
solution was extracted thoroughly with ether, and the combined ethereal solutions were washed with 
dilute sulphuric acid and water and then dried. Evaporation of the solvent and distillation 
gave pent-2-en-4-yn-l-ol (201 g.), b, p. 71 — 73V19 mm., Wff* 1*4972. Light absorption : Masdmuxn, 
2230 A. ; e =« 15,000. Inflexion, 2290 a. ; e =» 10,000 (Heilbron, Jones, Lacey, McCombie, and Kaphad, 
1946, 77, give b. p. 90®/50 mm., 1*4933; maximum, 2230 a.; e « 14,000). The a-naphthyl- 
urethane had m. p. Ill — 112®, undepressed on admixture with an authentic specimen (m. p. 110 — 111®). 
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Inflexion, 2'310 a. ; "e = 12,500. The structure of this prodmt has not yet been ascertain^. 

Hex-3-en-5’‘yn-2-ol (V). — ^The method described above using l-bromo-2 : 3-epoxybutane (77-6 g.; 
Delaby, Compt, 1923, 176, 589) and sodium (24 g.) in liquid ammonia (600 c.c.) gave hex-3-en-5-yn- 
2-ol (21-3 g.), b. p. 82— 84®/32 mm., 1-4860 (Heilbron, Jones, Smith, and Weedon, 1946, 54, give 
b. p. 79— --81®/30 mm., 1*4842). The phenylurethane had m. p. 83°, undepressed on admixture with 

an authentic specimen, m. p. 83—84° (Jones and McCombic, /., 1943, 261). The a-naphthylurethane 
separated from light petroleum (b. p. 60—80°) in clusters of needles, m. p. 83 — 84°, undepressed on 
admixture with a specimen prepared from authentic material (Found : N, 5-35. requires 


As a by-product of this experiment there was obtained a substance (7-5 g ), b. p. 122 — 124°/32 mm., 
66— 67°/0*5 mm., 1*4746, believed to be 2-(2 : 2-0poxy'\~hutoxy)hex-‘Z-en-^ynet a colourless pleasant- 

smelling liquid, slowly turning yellow in air (Found : C, 71*86; KC 8*6. C10H14O, requires C, 72*26; H, 
8*5%). Light absorption : Maximum. 2230 a.; e = 13,600. Inflexion, 2280 a.; e = 12,600. Active 
hydrogen (Zerewitinoff) : The ether (94 mg.) evolved 12*7 c.c. of methane (after heating to 90°) at 
20°/772 mm. (0*96 active hydrogen atom). Hydrogenation of the ether (2*06 g.) in ethyl acetate (50 
c.c.) in the presence of platinic oxide (10 mg.) (914 c.c. hydrogen absorbed at 13°/760 mm., equivalent 
to F 3*06) gave 2-(2 : Z-epoxy-l-huioxy)hexane (1*6 g.), b. p. 86— 88°/16 mm., 1*4265 (Found : C, 
69*45; H, 12*0. CioHaoOa requires C, 69*7 ; H, 11*7%). This saturated ether gave a negligible volume 
of methane in an active hydrogen determination. 

Cinnamyl Alcohol, — To sodamide, prepared from sodium (1*75 g.), in liquid ammonia (100 c.c.) was 
added 1 : 2-^oxy-3-phenylpropane (10 g. ; Levy and Sfiras, Bull, Soc, chim,, 1931, 49. 1823). After 
20 hours* stirring in nitrogen, ammonium chloride (5 g.) was added, and the product was isolated with 
ether in the usual way. Dislillation gave cinnamyl alcohol (7*8 g.), b. p. 86 — 87°/0 06 mm., 1*6862, 
which rapidly solidified. After one cr3rstallisation from ethef-pentane it had ra. p. 33°, not depressed on 
admixture with an authentic specimen (m. p. 33°). Only a 60% yield of the alcohol was obtained when 
the reaction time was reduced to 6 hours. 

b-Phenylpent-Z-en-^-ynA-ol (VII). — ^To sodamide, prepared from sodium (7*7 g.) in liquid ammonia 
(400 c.c.) as described above, phenylacetylene (35 gd was added during 15 minutes. After 1 hour's 
stirring, epichlorohydrin (30*6 g.) was run in during 15 minutes, the solution was stirred for a further 
16 hours, and was then worked up in the usual manner. Distillation gave, besides some starting material, 
two fractions : (i) B. p. 70 — 72°/l mm., wj)®* 1*6459 (1*8 g.); (ii) t'>-phenylpeni-2-en-4t-yn‘\-ol (6*8 g.) as a 
pale yellow oil, turning dark yellow on keeping, b. p. 94 — 96°/10"* mm., 1*6173 (Found : C, 83*0 ; H, 
6*46. CiiHioO requires C, 83*6; H, 6*36%). There was a considerable resinous residue. Light 
absorption : Maxima, 2590, 2720, 2890 a. ; e = 19,000, 26,000, and 21,000 respectively. The 
a-naphihylurelhane separated from petroleum (b. p. 80 — 100°) in plates, m. p. 132° (Found : N, 4*25. 
CmHitOjN requires N, 4*3%). 

6’Phenylpentdn~Uol andh-Phenylvaleric Acid, — A solution of the above carbinol (1 g.) in ethyl acetate 
(30 c.c.) was shaken with hydrogen in the presence of platinic oxide (10 mg.) until absorption 
was complete. Removal of catalyst and solvent, gave on distillation 6-phenylpentan-l-ol (0*75 g.), 
b. p. 160 — 161°/18 mm., 1*5170 (v. Braun, Ber., 1911, 44, 2867, gives b. p. 166°/20 mm.). Oxidation 

of the saturated carbinol (0*6 g.) with chromic acid in the usual way gave 8-phenylvaleric acid (0*4 g.) 
which after crystallisation from water had m, p. 67*6° (Staudinger and Muller, Ber,^ 1923, 68, 713, give 
m. p. 57°). 

JVnn-2-fi«-4-yn-l-o/ (VIII). — 1-Hexyne (90 g.) was caust'd to react with sodamide, made from sodium 
(23*6 g.) in liquid ammonia (1 1.), as previously described, but instead of being cooled, the reaction flask 
was well lagged with cork dust. Epichlorohydrin (80 g.) was dropped in during 1 hour, then the solution 
was stirred for 42 hours without cooling, the volume being kept constant by adding more liquid ammonia 
occasionally. On working up in the usual manner, distilling off starting materials, and carefully 
fractionating the residue through a Widmer column, there was obtained wow-2-^n-4-yM-l-o/ (24 g.) as a 
pleasant-smelling colourless oil, b. p. 67°/0*l mm., njS* 1*4920 (Found: C, 77*5; H, 10*6. C9H14O 
requires C, 78*2; H, 10*2%). Light absorption: Maxima, 2280, 2370 a.; e ~ 14,000 and 12,000 
respectively. The a-naphthylurcthane separated from light petroleum (b. p. 40-~60°) as a microc^stalline 
powder, m. p. 69° (Found : N, 4*75. CjqHjiOjN requires N, 4*66%). In an experiment in which 
exactly the same conditions were employed as for the condensation with sodium acetylide (viz,, hexyne : 
epichlorohydrin = 2:1, reaction time 20 hours, cooling in alchohol -carbon dioxide), no appreciable 
amount of non-2-en-4-yn-l-ol could be detected. 

n-Nonyl Alcohol. — ^Non-2-en-4-yn-l-ol (1*08 g.) in ethyl acetate (30 c.c.) was shaken in hydrogen with 
platinic oxide until absoiption was complete. Removal of catalyst and solvent gave ^-nonyl alcohol 
(0*8 g.), b. p. 115°/22 mm., n|f* 1*4365; the /^-nitrophenylurethane had m. p. 106°; the a-naphthyl- 
uxethane had m. p. 64°. (Ellis and Reid, /. Amer, Chem. Soc., 1932, 54, 1674, give b. p. 213*6°, nff* 
1*4320. Hoppenbrouwers, Rec. Trav. chim,, 1932, 61, 961, gives m. p. 104° for the/>-nitrophenylurethane. 
Adamson and Kenner, 1934, 838, give m. p. 66*5° for the o-naphthylurcthane.) 
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3iS, Researches on Acetylenic Computids. Part JT/F. A Study of the 
Eeaetiom of the Readily Available Ethynyhethylmtc Akohol, 
Pent-2-enAr^yn-l -oL 

By Sir Ian Hejlbros, E. R. H. Joses, and F. Sondheimer. 

A variety of reactions of pentenynoJ, illustrated in the accompanying diagram, has been 
studied. These include partial hydrogenation, carboxylation, hydration to methylfuran, con- 
densation with formaldehyde to the C* glycol, oxidative coupling to the Cjo glycol, and oxid- 
ation to the corresponding carboxylic acid with chromic acid. Light-absorption data for the 
diacetylene system in extended chromophores are quoted and discussed. 

The route hitherto available (Heilbron, Jones, Lacey, McCombie, and Raphael, 1945, 77) 
to the ethynylethylenic alcohol, pent-2-en-4-yn-l-ol (I), was extremely unsatisfactory, only 
about a 4% yield based on acraldehyde being achieved. Now that this interesting substance 
can be obtained in quantity in a single-stage preparation from easily available starting materials, 
as described in the preceding paper, a study of some of its many reaction possibilities became 
worth while. 

In the first place its partial hydrogenation to pentadienol (II) was investigated. This 
substance, which had been found to give an elastic polymer, had previously been prepared 
(Heilbron, Jones. McCombie, and Weedon, 1945, 84) in only very poor yield (ca, 5% based 
on acraldehyde) by the route indicated in the accompanying formulae. A direct preparation 
from pentenynol (I) offeted the possibility of obtaining reasonable samples of this material 

H,-Pd 

CH,=CH-CHO + CjHj CH,=CH-CH(OH)*C=CH > 

l%acid 

CH,=CH-CH(OH)*CH=CHj CHa=CH-CH=CH-CHj-OH (II.) 

for more detailed polymerisation studies. Partial hydrogenation using a palladium-calcium 
carbonate catalyst proceeded in a manner similar to that already observed (Heilbron, Jones, 
McCombie, and Weedon, loc, cit) with the homologous hexenynol, and after careful fractionation 
a 50% yield of the dienol (II) was obtained. 

Carboxylation of the Grignard complex (cf. Haynes and Jones, 1946, 603) gave the 
hydroxy-acid (III), exhibiting the expected light-absorption properties and converted into 
e-hydroxyhexoic acid on complete hydrogenation. Hydration of pentenynol with sulphuric 
acid and mercuric sulphate proceeded analogously to that of the homologous hexenynol (Heil- 
bron, Jones, Smith, and Weedon, 1946, 64) and yielded 36% of 2-methylfuran (IV) ; the 
yield of this highly volatile material could almost certainly be improved by more detailed 
attention to the reaction conditions, etc. 

When pentenynol was originally obtained (/., 1946, 77) one of the few reactions carried out 
•with it involved the condensation of its Grignard complex with butaldehyde to give an 
ethylenic-acetylenic glycol. Attempts to condense formaldehyde with pentenynol in the 
same manner were not successful, but by using a copper hydroxide catalyst (General Aniline 
and Film Corp., U.S.P. 2,238,471) and an aqueous solution of formaldehyde, the diol (V) was 
obtained in 40% yield. Its light-absorption properties were as expected for the structure (V) 
and this was conclusively proved by hydrogenation to hexane- 1 : 6-diol. The Mannich con- 
densation of pentenynol with formaiiehyde and diethylamine, to give the amino-alcohol (VI), 
has already been described in Part XI (p. 1678). 

In Part XII of this series (p. )680), in which the scope of the oxidative coupling of ethynyl- 
carbinols to diacetylenic glycols in the presence of cuprous ammonium chloride has been con- 
siderably extended, the employment of the ethynyl-ethylenic alcohol, hex-3-en-6-yn-2-ol, in 
such reactions -was described. Pentenynol also can readily be oxidised by air in cuprous salt 
.solution giving a good yield of the glycol (VII), hydrogenated to decane- 1 : 10-diol. The light- 
absorption curve for this glycol is given in Fig. 1, and in the Table the data are compared 
with those for its homologue, the preparation of which from hexen3niol is described in Part XII. 

It will be noted that the locations of the longer wave-length bands (2930 and 3120 a.) of both 
glycols approximate very closely to those recorded for decatetraenol, containing four con- 
jugated ethylenic linkages. Therefore, although conjugated diacetylenes, unlike the vinyl- 
acetylenes and dienes, fail to show high intensity absorption in the ultra-violet (see Part XII) , 
when the diacetylene grouping becomes part of a larger chromophore, as in glycols such as 
(VII), it appears to be capable of transmitting electronic vibrations, giving rise to absorption 
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conesponding to fully conjugated systems. As in all other cases where acetylenic bonds are 
involve^ in chromophoric systems, considerable intensity reductions are observed. The 
multiplicity of shorter wave-length bands indicates a marked tendency of the diacetylene 
grouping to participate in partial chromophores, probably of the en-yne and ene-diyne types. 

Oxidation of pentenynol in acetone solution with chromic acid (cf. Bowden, Heilbron, 
Jones, and Weedon, /., 1946, 39) gives a 60% yield of the corresponding acid (VIII) which. 


Fig- 1- Fig. 2. 



Wave-length, A . Wave-length, A. 


7iq«x.i a, Cmax.* 

I)eca-2 : 8-diene-4 : 0-diyne- 2300 38)000 Pent-3-eii-l-yn-5-ol-l-carb- 

1 ; 10-diol (VII) 2370 39,000 oxylic acid (III) 

2470 30,000 

2620 12,000 But- l-en'3-yne-l -carboxylic 

2765 20,000 acid (VIII) 

2930 30,000 

3120 23,000 Methyl ester of (VIII) 

Dodeca-3 ; 9-diene-5 : 7-diyne- 2350 42,000 

2:ll-dioli 2470 30,500 Hex-3-en-l-yn-6-ol-l-carb- 

2640 10,500 oxylic acid ^ 

2770 18,000 

2930 30,500 Sorbic acid 

3120 24,500 

Dimethyl ester of (X) 

Decatetraenol * 2985 64,000 

3110 64,000 


* Inflexion. 

1 For preparation see Part XII, p. 1579. 

^ Reichstein and Trivelli, Helv, Chim. Acta, 1932, 16, 1074. 

3 Haynes and Jones, 1946, 503. 

though stable in ether solution, rapidly polymerises when pure even in a vacuum in the dark. 
This instability may be due to the facile occurrence of an intramolecular hydration, leading to 


ymax., A. Eiutti.* 

2450 13,000 


2420 12,600 


2440 18,000 

*2510 15,500 

2455 12,000 

*2660 0,600 

2540 25,000 

2190 26,000 

2680 27,600 

2680 27,600 

2970 17,500 
3160 28,600 

3390 27,.500 



the formation of the unsaturated lactone (IX), which would be expected to polymerise easily. 
Such a hypothesis is all the more convincing, since the methyl ester is comparatively stable. 
The structure of the acid is confirmed by hydrogenation to valeric acid and by the light- 
absorption data for the acid and its ester (Table) which are some\yhat similar (although, of 
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course* lower in intensity) to that of sorbic acid. The ^ycol (VII) when oxidised under similar 
conditions with chromic acid gives the amorphous duacid (X) purified through its crystalline 
dimethyl ester, proof of structure being obtained by hydrogenation to sebacic acid. Light- 
absorption data for the ester (see Fig. 2 and Table) again indicate the participation of the 
diacetylene group in an extended conjugated system. 

Reactions of Pent-^-en-i-yn-X-oL 


HO*CH,»CH=CH'CsC*CsC*CH==CH*CH 2*OH — HOjC'CH— CH*C=C*C^C*CH— CH'CO,H 
(VII.) (XO 



(IV.) 


Experimental. 

(Light-absorption data determined in alcohol solutions.) 

Penia-2 : irdien-l-ol (II), — A solution of pent-2“en-4-yn-l-ol (160 g.) in ethyl acetate (400 c.c.) 
was hydrogenated using a palladium-calcium carbonate catalyst (20 g. ; 0*3% Pd) until 46-7 1, of gas 
had been absorbed. The product obtained after removal of catalyst and solvent was carefully frac- 
tionated through a column containing a 60 X 1*5 cm. section packed with single turn glass helices. 
The numerous fractions collected were divided into two portions : (i) B. p. 32— 34°/l*6 mm. [(34 g.), 
1*4620— 1*4730. (ii) Penta-2 : 4-dien-l-ol {82*5 g.), b. p. 34— 40°/l*5 mm., 1*4770—1*4893. 
There was a considerable resinous residue. Light absorption : Maximum, 2230 a., e 26,000. 
(Heilbron et al., 1946, 87, give b. p. 95 — 97°/100 mm., wj?’ 1*4902. Maximum, 2230 a., e = 26,000.) 
The various fractions composing portion (ii) difiered but slightly in their light-absorption intensities ; 
the refractive index variations are doubtle^ due to the presence of geometrical isomerldes. 

A warm solution of the pentadienoi (0*4 g.) and maleic anhydride (0*6 g.) in benzene (4 c.c.) was 
set aside at 20® overnight. Recrystallisation of the separated solid from water gave the lactonic acid 
(0*48 g.), m. p. 176® (Heilbron et aL, loc* cit., give m. p. 176 — 176®) undepressed on admixture with 
an authentic specimen. 

Pent-Z-enA-yn-^’Ol-l^carboxylic Acid (III). — Benzene (200 c.c.) was gradually added to a solution 
of ethylmagnesium bromide (from 12*5 g. magnesium) in ether (260 c.c.) at the same time as the latter 
was distilled off. When the temperature of the issuing vapours reached 70®, the mixture was cooled 
(ice) and pent-2-en-4-yn-l-ol (20*6 g.) was added during { hour. After refiuxing for 1^ hours, the 
suspension of a fine white po^er was shaken in an autoclave with solid carbon dioxide (600 g.) for 
22 hours at 20®. The complex was decomposed with ice and dilute sulphuric acid and the aqueous 
layer was continuously extracted with ether during 24 hours. The combined extracts were washed 
with sodium bicarbonate solution, and from the ether layer pent-2-en-4-yn-l-ol (12*8 g.) was recovered. 
The bicarbonate extract was acidified and continuously extracted with ether for 48 hours. The product 
so obtained was crystallised from benzene-ethyl acetate (4 : 1) giving the acid (6*2 g.) as a micro- 
crystalline powder, m. p. 136 — 136®, which after subliming at 90® (bath temp.)/10^ mm. and crystal- 
lisation from the same solvents formed plates, m. p. 137® (Found : C, 67*3 ; H, 6*06. requires 

C, 67*16; H, 4*8%). The S^ensylisathiuronium salt sepuated from ethyl acetate-ethanol (4 : 1) in 
plates, m. p. 166—166® (decomp.) (Found : N, 9*66. requires N, 9*6%). 

A solution of the acid (1*9 g.) in methanol (80 c.c.) was hydrogenate using platimc oxide (10 mg.) 
as catalyst. The crude e-hydroxyhexoic acid (1*8 g.) was convm^ into the lactone by heating it at 
160® for 6 minutes, and the lactone was then heated for 8 hours with hydrazine hydrate on the steam- 
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bath. The hydrazide of e-hydioxyhexoic acid crystallised from ethyl acetate-methanol (6:1) in 
plates, m. p. (Natta, Hill, and Carothers, Amer. Ckem. Soc,, 1934, 66, 466. give m. p. 114—116^. 

2-Methylfuran (IV).— A mixture of pent-2-en-4-yn.l-ol (8 g.). sulphuric acid (40 c.c., 0-6% w/v), 
and mercunc sulphate (0-2 g.) was distilled in steam until the distillate was no longer cloudy (about 
60 c.c. in i hour). The distillate was saturated with salt, the upper layer separated and dried (CaQ*) 
and distillation gave 2-methylfuran (2*6 g.). b. p. 647769 mm., ng*’ 1-4342 (Kizhner. /. Gen, Chem. 
Russia, 1931, 1. 1212, gives b. p. 647749 mm., tij?* 1-4366). 

The furan (0-26 g.) was added to a warm solution of maleic anhydride (0-3 g.) in benzene (I c.c.). 
After i hour, the solvent was evaporated, and the residue was recrystallised from ether to give the 
adduct (0-4 g.) as needles, m. p. 81^ (Rinckes, Rec, Trav, chim,, 1931, 50, 1127, gives m. p. 80®). 

Hsx-2-ei»"-4-y«tf-l : ^•diol (V). — ^A copper hydroxide catalyst was made by precipitatmg a solution 
of cuprous chloride (3 g.) in lydrochloric acid (46 c.c., 12%) with potassium hydroxide solution (46 c.c., 
40%) ; it was filtered off and washed well with water. The wet catalyst was then stirred with pent- 
2-en-4-yn-l'Ol (16 g.), formaldehyde solution (20 g.; 40% w/v). water (6 c.c.), and calcium carbonate 
(0-2 g.) under reflux for 42 hours at 90® in nitrogen. The catalyst was filtered off, and distillation 
gave some starting material (2 g.) and a viscous liquid (7-9 g.), b. p. 120— 130®/10-’» mm.. 1-6442. 
This rapidly solidified and after crystallisation from benzene-ethyl acetate (6 : 1) furnished the glycol 
(6-8 g.) as needles, m. p. 68—69® (Found : C. 64-1; H, 6-9. CeH^Oj requires C. 64-26; H, 7-2%). 
light absorption : Maximum, 2270 a. ; e = 16,000. Inflexion. 2370 a. ; e = 12,000. The hisphenyl- 
urethane crystallised from ethanol in needles, m. p. 167® (Found : N. 8 0. reauires 

N, 8-0%). . . M IS 4 , 

Hexane*! : solution of the above glycol (1 g.) in methanol (40 c.c.) was hydrogenated 

using platinic oxide catalyst (10 mg.). The product distilled at 147— 148®/18 mm. as a viscous oil 

which rapidly solidified, and crystallisation from ether gave hexane-1 : 6-diol (0-6 g.), m. p. 41 42® 

(Hamonet, Bull, Soc, chim., 1906, 33, 639, gives b. p. 162®/17 mm., m. p. 42®). The bisphenylurethane 
formed needles, m. p. 170®, from ethanol (Hamonet. loc, cit, gives m. p. 171 — 172°). 

Deca-2 : 8-rft^s-4 ; %*diyne*l ; 10-dto/ (VII). — Pent-2-en-4-yn-l-ol (34 g.) was added during 10 minutes 
to a stirred solution of ammonium chloride (240 g.) and cuprous chloride (160 g.) in water (600 c.c.) 
at 66®. Air was then bubbled through the red solution (at 65®) for hours, and the product was 
isolated by Treated ethereal extraction. Crystallisation from water gave the diol (22 g.) as yellow 
plates, sintering at 130®, m. p. 163 — 166® (decomp.) which, on further crystallisation from the same 
solvent or from benzene (in an atmosphere of mtrogen), formed colourless plates, m. p. 166 — 166® 
(decomp.) (Found : C, 74-26; H. 6 05. CiqHioO, requires C, 74-06; H, ^‘2%), The glycol develops 
a brown colour in air or light. The dihenxoate, prepared with benzoyl chloride in pyridine at 20® over- 
night, separated from light petroleum (b. p. 80 — 100®) in needles, m. p. 96® (Found : C, 77-4 ; H, 6*0. 
CwHigO* requires C, 77-8; H, 4-9%). Light absorption : Maxima, 2340, 2640, 2810, 2960, 3160 A.; 
e = 63.000, 12,000, 22,000, 26,000, and 23,600 respectively. 

In smaller scale experiments, in which the proportion of copper salt to carbinol was increased still 
further, yields up to 72% were obtained. 

Hydrogenation of the glycol (0-49 g.) in methanol (40 c.c.) with platinic oxide (6 mg.) and crystal- 
lisation of the product from benzene gave decane-1 : 10-diol (0-31 g.) as a microcrystalline powder, 
m. p. 71 — 71-6*^ (Folkers and Adkins, /. Amer, Chem, Soc., 1932, 64, 1146, give m. p. 70-8 — 71-8®; 
Manske, Org. Synth,, Coll. Vol. II, 164, gives m. p. 72 — 74®). 

But-\*en*Z*yne*\*carhoxylic Acid (VIII). — A mixture of chromium trioxide (35 g.) and concen- 
trated sulphuric acid (66 g.) was made up to 176 c.c. with water, and this solution was added, with 
constant shaking during 30 minutes, to a cooled solution of pent-2-en-4-yn-l-ol (20-6 g.) in acetone 
(160 c.c.), the temperature being kept at 16®. After being shaken for a further IJ hours, the mixture 
was poured into water and repeatedly extracted with ether. The acidic material was removed by 
extraction with sodium bicarbonate solution, which after acidification and ether extraction furnished 
hut*l*en*Z*yne*\*carboxylic acid (14-1 g.) as a light yellow cr>’’stalline mass, m. p. 92 — 93®; crystallisation 
from light jietroleum (b. p. 80- — 100°) gave long colourless needles, m. p. 94®. The acid soon forms 
an acetone insoluble polymer, even when sealed up in a vacuum in the dark (Found : C, 62-66 ; H, 
4-6. C 5 H 40 t requires C, 62-6; H, 4-2%). The S-benzylvsothiuronium salt separated from ethyl 
acetate in plates, m. p. 172—173® (Found: N. 10-9. CisH^OaNaS requires N, 10-7%). The acid 
(10 g.) was refluxed for 16 hours with methyl-alcoholic sulphuric acid (2% ; 200 c.c.) ; isolation by the 
usu^ procedure gave, besides some high boiling material, methyl but*l*en-Z*yne-l*carboxylate (6*36 g.) 
as a pleasant smelling oil, b. p. 69^ mm., wJJ* 1-4820. On ice cooling it solidified to plates, m. p. 
19 — 20® (Found: C, 66-7; H, 6-86. C«H«02 requires C, 66-46; H, 6-6%). A solution of the acid 
(0-66 g.) in ethyl acetate (30 c.c.) was shaken with hydrogen in the presence of platinic oxide until 
absorption was complete. The crude valeric acid (0-6 g.) was converted into the amide in the usual 
way, to give the latter as leaflets, m. p. 104 — ^^106® (Robertson, /., 1919, 1220, gives m. p. 106°). 

Octa*l : *l*diene-Z : : %*dicarboxylic Acid (X). — K mixture of chromium trioxide (13 g.) 

and concentrated sulphuric acid (20-8 g.) was made up to 66 c.c. with water, and this solution was 
added, with constant shaking, to a cooled solution of deca-2 : 8-dien-4 : 6-diyn-l : 10-diol (4 g.) in 
acetone (76 c.c.) at such a rate as to keep the temperature at 26®, The solution was shaken for a 
further hour, then poured into water and repeatedly extracted with ether. The acidic material was 
removed by shaking with sodium bicarbonate solution, which after acidification and ether extraction 
gave octa*l : l*dien*Z : b*diyne*\ : S*dicarboxylic acid (1-7 g.) as a yellow amorphous powder, charring 
at ca, 300®, which after several precipitations from aqueous methyl alcohol was pale yellow but still 
non-crystallme. 

The diacid (1-6 g.) was refluxed with methyl-alcoholic sulphuric acid (1*6% ; 70 c.c.) for 14 hours. 
On cooling, a mass of straw-coloured plates separated, and were filtered off ; the filtrate was poured 
into water, and excess of sodium bicarbonate solution was added. Ether extraction and crystallisation 
of the resulting solid from me^yl alcohol gave, when mixed with the solid obtained before, dimethyl 
ocia*\ : l*dien*Z : 5*diyne*l : S*dicarboxylate (1-36 g.) as straw-coloured plates, m. p. 103 — 104®, On 
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further recrystalUsation from the same solvent, it was obtained as light yellow plates, m. p. 106®, which 
gradually develop a brown colour (Found : C, 66*3 ; H, 4*7. CiaHio ^4 requires C, 66*05; H, 4*65%). 

The diacid was regenerated by keeping a solution of the ester (0*3 g.) in methyl alcohol (126 c.c.) 
containing potassium hydroxide (4 g.) for 48 hours at room temperature. Most of the solvent was 
evaporated, water was added, and the acid product, isolated from the acidified reaction mixture with 
ether, gave the diacid (0*21 g.) having the same properties as before (Found : C, 63*85, 63*6; H, 3*9, 
4*05. CioH ,04 requires C, 63*15; H, 3*2%). light absorption: Maxima, 2580, 2650, 2955, 3155, 
3375 A. ; e = 28,500, 28,500, 17,500, 28,500, and 28,500 respectively. 

Sebacic Acid . — The di-ester (130 mg.) in methyl alcohol (75 c.c.) was shaken with hydrogen in the 
presence of platinic oxide (10 mg.) until absorption was complete. The solution was refluxed for IJ 
hours with potassium hydroxide (2 g.), and working up in the usual way gave sebacic acid (70 mg.)", 
m. p. 132®, undepressed on admixture with an authentic specimen (m. p. 131 — 132°). 
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316. Some Organic Derivatives of Heaxichlorodisiloxarie. 

By H. J. Emel^us and D. S. Payne. 

Methyl, ethyl, and phenyl derivatives of hexachlorodisiloxane have been prepared 
reaction of the oxychloride with the corresponding Grignard reagent in ethereal solution. 
Hydrolysis of monochloropentaethyldisiloxane gave a stable monomeric hydroxy-compound. 

Despite the preparation of a large number of organic monosilicon chlorides by Kipping and his 
co-workers and others, no attempt has been made to prepare organic silicon oxychlorides. In 
view of the predominance of the Si~0"Si linkage in the “ silicone '' polymers, it was of interest 
to prepare certain simple organic silicon oxychlorides and to examine their properties. In this 
paper the reactions between hexachlorodisiloxane, the simplest silicon oxychloride known, and 
methylmagnesium chloride and ethyl- and phenyl-magnesium bromides are described. The 
mono-, di-, tri- tetra-, and penta-ethyl and the dimethyl and diphenyl derivatives of the 
oxychloride have been isolated. 

All the organodisiloxane chlorides isolated were colourless mobile liquids with melting points 
below room temperature, which hydrolysed readily with water. The products of hydrolysis 
from SijjOClgEt, Si 20 Cl 4 Et 2 , Si 20 Cl 4 Me 2 , and SiaOCl 4 Ph 3 were white solids, whilst SigOClgEta 
gave a translucent viscous liquid, which polymerised further on standing to a rubber-like solid. 
The products obtained by the hydrolysis of Si20ClaEt4 and SigOClEt^ were liquids which were 
readily soluble in ether. From the products of hydrolysis of SigOClEtj it was possible to isolate 
in theoretical yield a monohydroxy-derivative, which was a stable liquid with a smell reminiscent 
of that of camphor. These hydrolysis experiments, which were qualitative, indicated a small 
decrease in the ease of hydrolysis as the number of substituent organic groups was increased. 

The action upon diethyltetrachlorodisiloxane of ammonium fluoride or potassium hydrogen 
difluoride led to formation of ethylsilicon trifluoride, which was fully characterised, together with 
a residue of polymerised materi^. This result, which illustrates the instability of the Si"”0~Si 
bond to fiuorination, is in agreement with recent work by Booth and Osten [J. Amer. Chem. Soc., 
1945, 67, 1092), who obtained a large yield of silicon tetrafluoride in the reaction between 
hexachlorodisiloxane and antimony trifluoride. The same point has been demonstrated by 
Emel^us and Wilkins, who prepared ethylsilicon trifluoride by the action of sulphuric acid on a 
mixture of ethylsiliconic acid and calcium fluoride (/., 1944, 454). Experiments on the 
fiuorination of the other alkyl and aryl derivatives described in this paper have not so far been 
made, but some at least might be expected to yield stable fluoro-derivatives. 

The photochemical chlorination of tetrachlorodiethyldisiloxane gave a theoretical yield of 
the fully chlorinated derivative. Thermal chlorination of the same compound at 150 — 200® 
resulted in the formation of a small quantity of hexachloroethane, indicating that some fission 
of the Si“G bond had occurred. The action of alkali on the fully chlorinated material from the 
photochemical reaction leads to fission of the C""Si bond and the subsequent formation 
of tetrachloroethylene, obtained from the initial hydrolysis product, pentachloroethane, by loss 
of hydrogen chloride. This is in agreement with the known reaction of chloroalkylmonosilicon 
chlorides with alkali. 

Structural isomerism should be possible in the di-, tri-, and tetra-substituted derivatives of 



1591 


[1947] Some Organic Derivatives of Hexachlorodisiloxane. 

hexachlorodisiloxane. This point has not been fully studied, but in the case of the diethyl 
derivative; Si 20 Cl 4 Et 2 , the action of ammonium fluoride yields only ethylsilicon trifluoride, 
which indicates that one ethyl group is attached to each silicon atom. No fission of the C”^i 
bond was observed during this reaction. The preparation of hexa-alkyl- and -aryl-disiloxanes 
was attempted by Schumb, Ackerman, and Saffer (/. Arnev. Chem. Soc., 1938, 60, 248C) by 
applying the Wurtz reaction to hexachlorodisiloxane and the alkyl or aryl halides. These 
experiments yielded, however, only the fully substituted monosilicon derivatives in good yield. 
Using the Grignard reaction with phenylmagnesium bromide, Schumb and Saffer {ibid., 1939, 
61, 363) obtained a 40% yield of hexaphenyldisiloxane. The corresponding reaction using 
hexabromodisiloxane yielded small amounts of the monosilicon derivative, triphenylsilicanol. 
In the experiments described here no products of low molecular weight corresponding to 
inonosilicon derivatives were detected. Yields of the desired products were relatively high, but 
in every case a residue consisting of material of high molecular weight was obtained. 

Experimental. 

Analysis. — ^The determination of the percentage of chlorine and silicon present in the compounds 
obtained was carried out by Gillian, Liebhopsky, and Wimslow's method (J . Amer. Chem. Soc., 1941, 
63, 801). Owing to the low volatility of the derivatives of SigOCle it was possible to weigh the sample 
out in a small gelatin ampoule and then to bring it into reaction with A.R. sodium peroxide in a Parr 
microbomb. The quantity of sample weighed out varied with the percentage of chlorine in 
the compounds under analysis, from about 90 mg. of SiaOCIgEt to about 150 mg. of Si20ClEt5. 

Hexachlorodisiloxane. — Four methods were investigated for this preparation : (i) the reaction between 
a clilorine-oxygen mixture and elemental silicon at temperatures between 700° and 800° ; (ii) the reaction 
between silicon tetrachloride and oxygen at 900 — 950° ; (iii) the oxidation of silicochloroform by means 
of solid oxidising agents at temperatures from 200° to 400°; (iv) the partial hydrolysis of silicon 
tetrachloride in ethereal solution. Method (iii) resulted mainly in the complete oxidation of the 
silico-chloroform, leading to formation of silicon and hydrogen chloride. Small yields of SigOCle were 
obtained by method (iv), but the main portion of the products consisted of higher oxychlorides. 
Methods (i) and (ii) gave results which were suitable for the preparation of SigOClfl in large quantities. 
The reaction between silicon tetrachloride and oxygen had the additional merit of being capable of 
adaptation for use as a continuous process. Dry oxygen was passed at the rate of 2 — 4 l./hr. through 
silicon tetrachloride kept about 10° below its b. p. The mixture of silcon tetrachloride and oxygen thus 
produced passed through the furnace tube maintained at 900 — 950°. The products together with excess 
of silicon tetrachloride were condensed by means of two water-cooled, double-surface condensers, and 
the condensed liquid was returned to the silicon tetrachloride boiler. The b. p. of the silicon tetrachloride 
increased as the experiment proceeded, and after 2 — 5 days the api)aratus was shut down and the silicon 
tetrachloride fractionated. Hexachlorodisiloxane, b. p. 137 — 138°, was collected. A small residue of 
higher oxychlorides was obtained. 

The Reaction of Hexachlorodisiloxane with a Grignard Reagent. — In all the experiments the same 
general method was employed. Variations in the reaction conditions arc noted in the separate details 
of each experiment. The Grignard reagent was prepared from the organic halide by the usual method. 
A solution of the chloro-compound in anhydrous ether was placed in a three-necked flask (1 g.-niol. of 
SigOClg being dissolved in approx, 1 1. of ether), fitted with a stirrer, a spiral double-surface condenser, 
and tap-funnel. The Grignard solution -svas filtered through glass-wool into the tap-funnel to remove 
excess of magnesium, and then run slowly into the well-stirred solution of the halide. Precipitation 
of magnesium chlorobromide began at once. When the addition was complete, the solution w^as refluxed 
for 3 — 6 hours to ensure completion of the reaction. The reaction mixture was allowed to cool, and the 
chlorobromide filtered off rapidly through a large Buchner ^unnel. The residue on the filter was well 
washed with anhydrous ether. Removal of the ether was carried out by distillation, and the residue was 
then fractionated. Arrangements were made, by means of drying tubes containing silica gel, to exclude 
moisture from the reaction vessel, distillation columns, and other apparatus in which the halides w'ere 
handled. All apparatus was thoroughly dried before use. 

Monoethylpentachlorodisiloxane. — 116 G. (0*875 g.-mol.) of ethylmagiiesium bromide were treated 
with 200 g. (0*7 g.-mol.) of SigOCla, The products after separation were fractionated several times under 
reduced pressure, a 13" column packed with Fen.ske .spirals being used. 47 G. (0*17 g.-mol.) of pure 
monoethylpentachlorodisiloxane were obtained (b. p. 60*0 — 61*5°/17 mm., 163 — 164°/757 mm.); yields, 
crude 40%, pure 24% (Found : Cl, 63*6; Si, 19*9; C, 8*9; H, T9. SiaOCljEt requires Cl, 63*7; Si, 
20*1; C, 8*7; H, 1*8%); 

Diethyltetrachlorodisiloxane. — 333 G. (2*5 g.-mols.) of ethylmagiiesium bromide \vere treated with 
285 g.(l g.-mol.) of SijOClg. 236 G. (87%) of crude product were obtained, from which 75 g. (0*28 
g.-mol., 28%) of pure diethyltetrachlorodisiloxane were collected (b. p. 72'5°/12 mm., 186 — 187°/757 mm.) 
by fractionation under reduced pressure through a modified Widmer column, packed with Monel-metal 
gauze spirals and utilising a partial condensation vapour take-off head (Found : Cl, 52*3; Si, 20*6; C, 
17*9; H, 3-7. SiaOCl 4 Et 2 requires Cl, 52*1 ; Si, 20*6; C, 17*7; H, 3*7%). 

Tfiethyltrichlorodisiloxane. — 498 G. (3*76 g.-mols.) of ethylmagnesium bromide were caused to react 
with 285 g. (1 g.-mol.) of Si20Cle. 231 G. (85%) of crude product were obtained, from which, by repeated 
fractionation under reduced pressure by means of the column described in the previous preparation, 
it was possible to isolate 78 g. (0*295 g.-mol., 29*5%) of pure triethyltrichlorodisiloxane (b. p. 72*5 — 73*r)°/7 
mm., 202— 203°/757 mm.) (Found : Cl, 40*0; Si, 21*5; C, 26*8; H, 6*7. SiaOClgEta requires Cl, 40*0; 
Si, 21*1; C,271; H,5-7%). 

Tetraethyldichlorodisiloxane. — An attempt to prepare the pentaethylmonochloro-compound by 

5k 
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reactioa of 1 g.-mol. of SiaOClt with 6 g.-mols. of ethylmagnesium bromide led to the isolation of 
tetraethyldichlofodisiloxane. When 6*26 g.-mols. of the Grignard reagent were used, difficult was 
ejmerienced in separating the product owing to the bulk of the magnesium chlorobromide, and this bulk 
of inert product probably accounts for the reaction ceasing at the tetra-substituted stage. 194 G. (78%) 
of crude tetraethyl compound were obtained, which after repeated fractionation gave 29 g. {0*11 g.-mol.» 
11%) of pure product (b. p. 96—98713 mm., 216—2167767 mm.) (Found : Cl, 27*4; Si, 20-9; C, 36-9; 
H, 7^4. SiaOCl 2 Et 4 requires Cl, 27-4 ; Si, 21*6 ; C, 37*0 ; H, 7‘8%). 12 G. of a fraction consisting mainly 

of pentaethyl compound were obtained. 

Pentaethylmonochlofodisiloxane. — ^The preparation of this compound was carried out in two stages. 
The triethyl compound was first prepar^ as described above, the crude material being isolated and 
analysed for replaceable chlorine. An amount of ethylmagnesium bromide (366 g., 2*76 g.-mols.) was 
prepared sufficient to reduce the content of the replaceable chlorine in 293 g. of triethyl compound to that 
corresponding to Si20ClEt5, together with the usual 26% excess of Grignard reagent over the halide. 
Reaction was slower than when the unsubstituted chloride was used and it was necessary to reflux the 
mixture overnight. 237 G. of crude material were obtained, from which it was possible after repeated 
fractionations under reduced pressure to obtain 34 g. (0*136 g.-mol., 12*6%) of pure pentaethyl compound 
(b. p. 86 — 88°/l mm., 226 — 227°/767 mm.) (Found: Cl, 13*9; C, 48*1; H, 10*5. Si^OClEt. requires 
Cl, 14*0; C. 47*5; H, 10 0%). 

Dimeihyltetrachlorodisiloxane, — 17 G. (0*1 g.-mol.) of methylmagnesium iodide and 179 g. (2*4 g.-mols.) 
of methylmagnesium chloride, prepared accordin gto Schmalfuss (J. pr. Chem., 1924, 108 , 88), were treated 
with 285 g.(l g.-mol.) of S^OCl#. Reaction proceeded vigorously and the vessel had to be cooled during 
the early stages of the preparation. 203 G. of crude material were obtained. By using a 28" column 
filled with Monel-metal gauze spirals and fitted with a heater jacket and utilising a total condensation 
partial take-off head, 137 g. (0*66 g.-mol., 66%) of pure dimethyltetrachlorodisiloxane were obtained 
(b. p. 67—69767 mm., 143— 144°/757 mm.) (Found : Cl, 67*5; Si, 23*2; C, 10*2; H, 2*5. SijOCl^Mea 
required Cl, 68*1; Si, 23*1; C, 9*9; H, 2*6%). The pure material was colourless but became pink in 
contact with air. 

DiphenyUetrachlorodisiloxane, — 620 G. (2*86 g.-mols.) of phenylmagnesium bromide reacted with 
286 g.(l g.-mol.) of SigOClft. The crude product was separated from the small quantity of diphenyl 
obtained by fractionation through a 9" Fenske column, fitted with a heater jacket and utilising a total 
condensation partial take-off head. Further fractionation using the 28" Monel-gauze spiral column used 
in the previous preparation led to the isolation of 64 g. (0*175 g.-mol., 17-6%) of pure compound (b. p. 
114— 1167<1 mm„ 319—3207757 mm.) (Found: Cl, 38*6; Si, 16*1; C, 39*2; H, 2*6. Si^OCliPha 
requires Cl, 38*6 ; Si, 15*2 ; C, 39*2 ; H, 2*7%). The pure material was colourless but oh storage became 
pale yellow. 

PentaethyldisiloxanoL — 3 G. of pentaethylchlorodisiloxane were dissolved in 16 ml. of ether and a 
solution containing 2 g. of sodium hydrogen carbonate dissolved in 10 ml. of water added. A steady 
evolution of carbon dioxide occurred for 2 hours. The solution was refluxed for a further 3 hours until 
the evolution ceased. The solution was extracted with portions of ether, the resulting ethereal solution 
was separated and dried (CaClj) overnight. The ether was removed by distillation, and the product 
distilled under reduced pressure. 2*6 G. (100%) of the siloxanol were obtained (b. p. 96 — 98® <T mm.) 
[Found : C, 61*4; H. IM ; M (Rast), 215. SigOEtpH requires C, 61*3; H, 11*1% M, 232]: 

Photochemical Chlorination of Diethyltetrachlorodisiloxane, — Dry chlorine was passed into 32*2 g. of 
the disiloxane contained in a quartz test-tube irradiated by U.V. light from a mercury-vapour lamp. 
After 66 hours the increase in weight was 40*5 g. [Calc, for formation of Si80Cl4(C,Cl5)2 : 40*8 g.]. The 
bulk of the hispentachloroethyltetrachlorodisiloxane distilled within the range 178 — 1837<1 mm. and 
consisted of a colourless viscous liquid with a faint smell [Found: Cl, 81*1; M (Rast), ^ 660. 
C 40 Cli 4 Si 2 requires Cl, 80‘6% ; M, 617]. 

The authors thank Imperial Chemical Industries Ltd., Dyestuffs Division, for a grant in aid of this 
research. 
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317. Alkyl, Aryl, and Alkoxy-derimtives of Silicon Tetrachloride and 

Silicochloroform. 

By H. J, EmeliIus and S. R. Robinson. 

The compounds eihyldichlorosilane, diethylchlorosilane, phenyldichlorosilane, diphenylchloro'- 
silane, hcnzyldichlorosilane, and dihenzylchlorosilane have been prepared from silicochloroform by 
the Grignard reaction. A new method for the preparation of alkyl-alkoxysilanes by the reaction 
between sodium alkoxide and an alkyl silicon chloride is reported. Diethyldimethoxysilane is 
described. Other known compounds of this type were prepared by the same method and 
characterised. 

The alkyl, aryl, and alkoxy-derivatives of silicochloroform and silicon tetrachloride are of 
importance because on hydrolysis they give materials which are known to form resins when 
heated. The preparation of these resin intermediates from silicochloroform is in fact a useful 
alternative to their preparation by hydrolysis of the corresponding derivatives of silicon 
tetrachloride. The only reference in the literature to compounds of the type SiRHXj, where X 
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is a halogen atom, is in work by Rochow (J, Amer. Chem. Soc., 1945, 67 , 963), who states that if 
the reaction between methyl chloride and copper-silicon is conducted under conditions such that 
some pyrolysis of the free hydrocarbon radicals occurs, halogenated products of the type 
SiRHX 2 appear in the product. Products in which the chlorine of silicochloroform is completely 
substituted are, however, known. For example, trimethoxysilane has been prepared from 
silicochloroform and methyl alcohol (Helferich and Hausen, Ber., 1924, 57 , 795). The 
corresponding trialkyl compounds have been obtained by the action of zinc alkyls on ethyl 
orthosilicate (Ladenburg, Annalen, 1872, 164 , 301; Pape, Ber., 1881, 14 , 1873), and 
triphenylsilane has been prepared by various methods (Kipping and Murray, 1929, 300; 
Reynolds, Bigelow, and Kraus, J. Amer. Chem. Soc., 1929, 51, 3007 ; Kraus and Eatough, ibid., 
1933, 55 , 6008). The preparations now described are of ethyU, phenyl-, and benzyl-dichloro- 
silctne, and di-ethyl-, -phenyl-, and -henzyl-chlorosilane, all of which were obtained by using the 
Grignard reaction. The alkyl-alkoxy-compounds described are related to the derivatives of 
silicochloroform by the fact that the alkyl (or aryl) groups are in both cases the only ones resistant 
to hydrolysis. 

Experimental. 

Silicochloroform was prepared by passing hydrogen chloride over powdered silicon at 380° (Booth 
and Stillwell, ] . Amer. Chem. Soc., 1934, 66 , 1529). The product was fractionated through a 16-inch 
Fenske column, the fraction of b. p. 31 — 34° being used in the following preparations. 

Ethyldichlorosilane. — 1*25 G.-mol. of ethylmagnesium bromide in 500 ml. of ether were added slowly 
to an ice-cooled, mechanically stirred solution of 135*5 g. of silicochloroform in 100 ml. of ether. The 
reaction mixture was heated under reflux for 4 hours, filtered, and the ethereal solution fractionated 
through a 16-inch Fenske column fitted with a reflux head, using a reflux ratio of 5 : 1. After removal 
of the ether, the following four fractions were obtained : (a) b. p. <74° (8 g.), (b) b. p. 74*5— 75*5° (39 g.). 
(c) b. p. 75*6 — 95° (6 g.), (d) b. p. 95 — 98° (5*5 g.). Analysis of fraction (5) gave : Si, 21*6; Cl, 54*7 ; C. 
19*0; H, 4*7. (CjjHeClaSi requires Si, 21*7; Cl, 54*9; C, 18-6; 11, 4*7%.) A determination of the 
molecular weight by the Dumas method gave 134*1 (Calc. : 129*1). The vapour-pressure curve of this 
compound between — 17° and 70° was measured by means of an isoteniscopo. The vai)our-pressure data 
are represented by the equation logf> = 7*6271 — ]648*2/T ; the b. p. Avas 74*2°, and Trouton's constant 
20*4. Fraction {d) was shown by chlorine analysis to be a mixture of the mono- and the di-ethyl 
compound. 

The silicochloroform derivatives described below were prepared by the same method, a suitable 
proportion of the appropriate Grignard reagent being used. In each case a scries of fractions was 
obtained, one of which preponderated and corresponded to the de.sired product. 

Diethylchlorosilane. — A fraction of b. p. 97 — 105° was rcfractionatcd through a Fenske column and 
gave this compound, b. p. 99 — 100°. The yield of purified product was 19% (Found : Si, 22*9; Cl, 
28*9; C, 39*1; H, 9*1; M, by Dumas method, 126*8, 128*1. SiEtaClH requires Si, 22*9; Cl, 28*9 ; C, 
39*15 ; H, 9*0% ; M, 122*7). The equation to the vapour pressure curve for the range 0 — 94° was log 
p — 7*4195 — 1689*6/T. The b. p. and Trouton’s constant were 99*2° and 19*5, respectively. 

M ethyldichlorosilane. — The Grignard compound used was mcthylmagncsium chloride in w-butyl ether 
(Schmalfuss, J. pr. Chem., 1924, 108 , 88). A fraction of b. p. 40*7° was obtained which proved to be 
the desired compound (Found ; Si, 22*9; Cl, 61*9; C, 10*0; H, 4*6. SiMcClali requires Si, 24*4; Cl, 
61*7; C, 10*4; H, 3*5%). In this preparation three fractions were collected between 33° and 40*5°, 
and there was difficulty in obtaining a complete separation. 

Phenyldichlorosilane. — A fraction of b. p. 11^ — 119°/25 mm. was twice refractionated and gave a 
fraction, b. p. 65*0 — 65*3°/10 mm., oi phenyldichlorosilane (Found : Cl, 40*2 ; C, 40*8 ; 11, 3*5. SiPhChH 
requires Cl, 40*0; C, 40*7; H, 3*4%). 

Diphenylchlorosilane. — A fraction of b. p. 147 — 170°/10 mm. was refractionated and gave a fraction, 
b. p. 140— 145°/7 mm., of the chlorosilane (Found: Si, 12*4; Cl, 16*3; C. 66*3; H, 5*3. SiPh^ClH 
requires Si, 12*8; Cl. 16*2; C, 66*0; H, 5*1%), 

Benzyldichlorosilane\i3.dh.^. 48°/2mm. (Found : Si, 14*6; Cl, 37*0; C, 45*8; H, 4*2. Si(CH,Ph)Cl 2 H 
requires Si, 14*7; Cl, 37*0; C, 46*1; H ,4*2%), and dihenzylchlorosilane b. p. 146 — 148°/ctf. 1 mm, 
(Found: Si, 11*5; Cl, 14*6; C, 67*5; H, 6*2; Si(CH 2 Ph) 3 ClH required Si, 11*4; Cl, 14*4; C, 68*1; 
H, 6*1%). 

Alky lalkoxy silanes. — The four compounds of this type prepared were ethyltriethoxy-, diethyldiethoxy* 
ethyltrimethoxy-, and diethyldimethoxy-^i\B.xiQ. Ladenburg's method of preparation {Annalen, 1874, 
173 , 143) using tlxe reaction between diethyl zinc and the appropriate silicon ester is not convenient. 
Reaction between Grignard compounds and esters of orthosilicic acid has been used by Post and 
Hofrichter {J. Org. Chem., 1939. 4 , 363). and Adrianov (/. Gen. Chem. U.S.S.R., 1938, 8 , 558, 1255; 
1939, 9, 203) has prepared monosubstituted derivatives of the type SiR(OEt )3 by forming the Grignanl 
compound in situ from the alkyl halide and magnesium in presence of ethyl orthosilicatc, with which 
reaction then occurs. It is not possible by means of the ordinary Grignard reaction to substitute more 
than one of the alkoxy-groups of an orthosilicic ester. 

The direct method of preparing compounds of this type is by reaction of the alkylsilicon chloride with 
an alcohol. The alcohol must be completely dry or much material of high molecular weight is obtained ; 
e.g., Friedel and Crafts (Annalen, 1866, 136 , 203) found that in the reaction between silicon tetrachloride 
and methanol, two compounds, Si(OMe )4 and Si(Me0)3'0*Si(0Me)9, were obtained. Our preliminary 
experiments showed that on refluxing diethylsilicon dichloride and ethyl alcohol together, a considerable 
quantity of ethyl chloride was formed. This was isolated and characterised by its vapour-pressure 
curve ; it is presumably formed in the secondary reaction between the alcohol and hydrogen chloride. 



1594 


Cook, Heilbfon, and Levy : 

■which yields the alkyl halide and ■water. Thus, even if the alcohol is initially dry^ this water will 
inevitaSly lead to the production of more complex products. This difficulty has been overcome by using 
the sodium derivative of the alcohol in place of the alcohol itself. 

The ethylsilicon halides required as intermediates were prepared by means of the Grignard reaction 
(Kipping, J., 1907, 91 , 209). The sodium alkoxide was prepared by adding sodium in small pieces to an 
excess of the pure alcohol in a flask fitted with a reflux condenser, boiling oS the excess of alcohol at the 
completion of the reaction, and removing the residual alcohol in an oil-pump vacuum. The product was 
a fine white powder. 

The theoretical quantity of sodium ethoxide covered with ether was placed in a three-necked flask 
fitted with a mechanical stirrer, reflux condenser, and tap-funnel. The suspension was well stirred, and 
a solution of the theoretical quantity of ethylsilicon trichloride in an equal volume of ether was added 
slowly. The product was refluxed for an hour, transferred to a Kon flask and distilled. Ethyltriethoxy- 
silane was collected at 155 — 160® and redistilled; b. p. 158 — 160®, yield 40% (Found : Si, 14-73, 14*65. 
Calc, for CgH^oOaSi : Si, 14*60%). 

Similar preparations were carried out for diethyldiethoxysilane (b. p. 156 — 157°, yield, 40%), 
ethyltrimethoxysilane (b. p. 123®, yield 58%), and diethyldimethoxy silane (b. p. 130°, yield 70%) (Found : 
Si, 18*75, 18*96, 18*78; ikf, by Dumas method, 151-0, 153*3, 152*5. CeHjeOgSi requires Si, 18*92%; 
M, 148*3). 

The vapour-pressure curves of these compounds were studied by means of an isoteniscope technique, 
the results being tabulated below. 


Vapour-pressure Latent heat, Trouton's 

Compound. relationship. B. p. cals./g.-mol. constant. 

SiEt(OEt)3 log/^ == 7*4759 - 1980-5/r 158-9° 9085 21*03 

SiEt 4 (OEt )2 log ^ = 7*3896 - 1940-5/r 157*3 8883 20*64 

SiEt(OMe )3 \ogp ^ 7*8760 - 1968-1/T 120-9 9007 22-86 

SiEt 2 (OMe )2 log j!) 7-912 - 2018-5/r 128-1 9240 23*03 


The authors wish to thank Imperiaf Chemical Industries Ltd. (Dyestuffs Division) for a grant in aid 
of this research. 

University Chemical Laboratory, Cambridge. [Received, January 2^rd, 1947.] 


318. Studies in the Azole Series. Part I. A Novel Route to 

5-Aminoihiazoles. 


By A. H. Cook, Sir Ian Heilbron, and A. L. Levy. 

Dithiophenylacetic acid reacts with ammoacetonitrile or ethyl aminocyanoacetate to give 
h-amin 0 ‘ and 5-amino-4:-carbethoxy-2-benzylihiazole, (III) and (II ; R Et), respectively. 
The behaviour of these bases towards acylating agents, nitrous acid, and in the case of the 
first-mentioned towards diazonium salts, nitrating agents, etc., is described. This seems a 
general synthesis of the hitherto almost unknown class of 5-aminothiazoles, B-amino-^^phenyl- 
and 5-amino-’4:-carbethoxy-thiazole being obtained analogously. 


In connection with the study of penicillin (unpublished work) the reaction between sodium or 
methyl dithiophenyl acetate and ethyl aminocyanoacetate was examined. The product was at 
first thought to be ethyl phenylthionacetamidocyanoacetate (I) but subsequent investigation 
showed that it ■was a base which could be better formulated as 5’amino-4-carbethoxy^2-bemyl~ 
thiazole (IT; R — Et). It formed a stable hydrochloride and on hydrolysis gave the 
corresponding acid (II; R = H). Hexoylatiou yielded 5~hexoamido-4i~carbethoxy-2’benzyl- 
thiazole which still exhibited basic properties. Similarly, aminoacetonitrile and sodium 
dithiophenylacetate afforded an excellent yield of a base which by analogy is formulated as 
6-amino-2~benzylihiazole (III). Its light absorption is compatible with this formulation and is 
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very similar tp that of the corresponding 4-carbethoxy-compound above. It seems that 
phenylthionacetamidoacetonitrile (IV) occurs as an intermediate and cyclises on warming, for a 
small amount of an alkali-soluble isomeride was isolated from the crude amin othiazole. The 
isomeride passed into the aminothiazole on being kept with hydrogen chloride in organic solvents 
and appears therefore to be the acyclic thioamide. This facile formation of 6-aminothiazoles is 
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of interest as they have been so far almost unknown in the literature. Weidel and Niemilowicz 
(Monatsh,t 1896, 16 , 721) described some degradation products of uric acid which are possibly 
derivatives of 6 -aminothiazole. The only other noteworthy reference is to a series of derivatives 
of 5 -amino- 2 -thiocarboxyamidothiazole (*' chrysean *’) originating in the interaction of 
hydrocyanic acid and hydrogen sulphide (see Beilstein’s “ Handbuch ”, Vol. 27, 334; Arnold 
and Scaife, 1944, 103). Jensen and Hansen {Dan.^k Tids. Farm., 1943, 17, 189) and 
Ganapathi and Venkataraman [Proc, Indian Acad. Sci., 1945, 22 A, 343) have recently prepared 
some 5 -aminothiazoles by orthodox reactions but the methods are not entirely satisfactory in 
scope and yield. 

5-Amino-2-benzylthiazole formed a hydrochloride and on acetylation gave ti~acetamido-2- 
henzylihiazolc (V) which had marked basic properties, and formed a hydrochloride and a 
niethiodide ] the latter clearly contained a ” reactive ” methylene group (in the adjacent benzyl 
substituent) and developed an intense cyanine-like colour on being heated with ethyl 
orthoformate under appropriate conditions. The 5-acetylsulphanilamido- and ^-sulphanilamido- 
( ompounds were also prepared. The sulphanilamide inhibited the growth of Staph, aureus at a 
limiting dilution of 1 : 50,000, but the inhibition was not complete, and even at 1 : 5000 abnormal 
agglutinated clumps of bacterial grov'th were observed. When (III) was treated with 1 mol. of 
nitrous acid there was some evolution of hydrogen sulphide and rapid appearance of a deep 
red-brown precipitate from which two products were isolated, C 20 H 17 N 5 S 2 (A) and C 2 oHi 70 N 5 S 
(B) . The former formed brilliant crystals with a copper-like lustre and gave deep red solutions. 
The fact that (II) failed to behave similarly wdth nitrous acid supports structure (VI) rather than 
(VII) (cf. formation of aminoazobenzene) . Formulation (VI), representing a diazoiiium salt 
coupling with a second molecule of amine in the 4-position, is perhaps novel to thiazole 
chemistry but strictly comparable w'ith or//70-coupling of aromatic amines ; it is supported by 
the fact that (V) couples with diazonium .salts whereas (II) does not share this ability. 
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Product (B) formally contained a sulphur atom of (A) replaced by oxygen, but in view of its 
paler colour and altered light absorption it is tentatively formulated as the imino-compound 
(VITI). This formulation is in keeping with its behaviour on hydrolysis with cold dilute 
hydrochloric acid, which gave a compound CgoHijOgN^S, obviously the oxazolone (IX). 

It was mentioned above that (III) coupled with diazonium salts, and in illustration the 
orange-scarlet a.?o-compound (X; R = H) was prepared. The acetamido-compound (V) 
likewise coupled to give (X; R = Ac). Both azo-compounds were remarkable in giving 
intense violet colorations with caustic alkalis. When (V) was treated with nitrosyl chloride in 
acetic acid in an attempt to obtain the A^-nitroso-derivative (” diazonium acetate ”) the sole 
product isolated was a nitro-compound which, in view of the ready reactivity of the 4-position, 
is obviously 4:-nitro-^p’-acetamidO’2~benzylt hi azole (XI). In this connection it may be noted that 
nitrous acid not infrequently acts as a nitrating agent (e.g., Hodgson, 1932, 1812). 
Compound (XI) was also produced by direct nitration of (IV) w’ith a nitric-sulphuric acid 
mixture, and by treatment of its nitrate with sulphuric acid in acetic acid solution. 
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Similar syntheses have been carried out by employing sodium dithioformate in place of 
dithiophenylacetate. As the reaction with aminoacetonitrile is complex, and in view of its 
special interest, it will form the subject of a separate communication. With ethyl aminoc^’^ano- 
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acetate reaction was facile, giving 6-amino~^-carbeihoxythiazole identical with the product 
obtained by heating the analogous 2 -mercaptathia 2 ole (see following paper) with Raney nickel. 
In the same way a-aminobenzyl cyanide and sodium dithioformate afforded B^amino-4-phenyl- 
thiazole, characterised as its hydrochloride and acetyl derivative, and likewise identified with the 
base obtained by desulphurising the analogous 2*mercaptothiazole. 

It is noteworthy that all the ring-syntlieses described here take place at room temperature, 
several of them in aqueous neutral solution. 

Light-absorption data on the aminothiazole derivatives are recorded on p. 1598 in tabular 
form (cf. table in Part II). 

Methyl ethylxanthate failed to exhibit the reactivity of the above dithio-acid derivatives 
towards a-amino-nitriles. On the other hand, it behaved as a thioacylating agent towards 
strong bases; e.g.^ it gives with morpholine 'N-monothiocarbethoxymorpholine. 


Experimental. 

{a) Crude ethyl aminocyanoacetate (3 g.), prepared by reducing ethyl nitrosocyanoacetate with 
am^gamated aluminium, was allowed to stand with methyl dithiophenylacetate (4 g.). Heat and 
thiol were evolved spontaneously and after a few minutes the mixture set to a mass of yellow needles. 
Treatment with a small quantity of ether gave almost pure b-amino-^-carbethoxy-^-henzylthiazole (II ; 
R = Et) (3-6 g., a further 0-8 g. being recovered from the ethereal residues). It separated from ethanol 
in long colourless needles, m. p. 157** (Found: C, 59*8; H, 5-6; N, 10*9. Ci 3 Hi 402 NjS requires C, 
59'5; H, 5*4; N, 10-7%). 

[h) Ethyl aminocyanoacetate (5 g.) was shaken overnight in ether (50 c.c.) with sodium dithiophenyl- 
acetate (1 cquiv.) in water (20 c.c.). Evaporation of the dried ethereal solution gave the free base, 

5- amino-4-carbetboxy-2-benzylthiazole, in poor yield, m. p. 156°. The thiazole (780 mg.) in dioxan 
(3 c.c.) and water (7 c.c.) was kept with O-SlN-sodium hydroxide (6 c.c.) overnight and then heated on the 
steam-bath for two hours. The filtrate was acidified with dilute hydrochloric acid, and the acid 
recryistallised from ethanol. 5-Amino-4:-carboxy-2-benzylfhiazole separated in irregular prisms, m. p. 
169° with violent evolution of gas (on slow heating) (Found : C, 56-6; H, 4*6; N, 12*0. CiiHi^OaNgS 
requires C, 66-4; H, 4*3; N, 12*0%) . Small quantities of this acid were obtained as a by-product 
during the preparation of the ester via sodium dithiophenylacetate. 

The ester-thiazole (11) (0*52 g.) suspended in ethanol (5 c.c.) was treated with hydrogen chloride at 
— 10°. After 12 hours at 20° the solution was evaporated in a vacuum, and the solid, m. p. 180°, washed 
with ether and crystallised from ethanol-'Cther. b-Amino-4i-carbethoxy~2-benzylthiazole hydrochloride 
separated in rectangular plates, m. p. 180° (Found : C, 52*3; 62*4; H, 5*5, 5*2; N, 9*7. CigHi^OaNgClS 
requires C, 52*5 ; H, 5*1 ; N, 9*4%). The ester-thiazole (II) (1 g.), w-hexoyl chloride (0*7 g.), and pyridine 
(20 C.C.) were heated together at 80 — 90° for 2 hours, and the mixture evaporated in a vacuum. The 
residue was extracted with ether but the base remained oily on evaporation of solvent. Addition of 
ethereal hydrogen chloride gave a solid. 5-n~Hexoamido-4:-carbethoxy-2-benzylthiazole hydrochloride 
crystallised from chloroform-light petroleum in clumps of feathery needles, m. p. 110°, which lost 
hydrogen chloride on heating to 56° in a vacuum and were dried at room temperature over phosphoric 
oxide (Found: C, 57*5; H, 6*7. CigH^OaN.ClS requires C, 67*5 ; H, 6*3%). 

Aminoacetonitrile sulphate (135 g.) in water (200 c.c.) was neutralised (brilliant-yellow) with 
potassium hydroxide (98 g.) in water (230 c.c.) m the cold. A neutral solution of potassium dithiophenyl- 
acetate (1 equiv.) in water (510 c.c.) was added with ether (1500 c.c.), the solution again brought to 
neutrality, and the whole shaken overnight. On separation of the ethereal layer and removal of solvent, 
the residual oil solidified (yield, 165 g., 98%). Crude 6-aminO'2'-benzyUhiazole (III) crystallised from 
ether-light petroleum or chloroform-light petroleum to form colourless needles, m. p. 87° (130 g,), which 
darkened on exposure to light (Found: C, 63*5; H, 5*5; N, 14*5. CioHjoNgS requires C, 63*2; H, 
5*3; N, 14*7%). The crude product, m. p. 83° (1*0 g.), was stood for 3 days in a mixture of dioxan 
(5*0 c.c.) and water (8*0 c.c.), and the product (0-2 g.) which separated recrystallised from ethanol to give 
colourless needles, ra. p. 161° (decomp.), oiphenylthiofuicetamidoaoeionitrile (IV) (Found : C, 63*0; H, 
5*2; N, 14*8. C^oHioNgS requires C, 63*2; H, 5*3; N, 14*7%). The compound was soluble in 
aqueous-alcoholic potash and was transformed by ethanolic hydrogen chloride into 5-amino-2-benzyl- 
thiazole hydrochloride, m. p. and mixM m. p. 196° (decomp.). 

The base could be conveniently converted into its hydrochloride by several methods; e.g., the base 
was covered with 3 vols. of warm ethanol and a little water and treated with a little ethanolic hydrogen 
chloride. This technique was only necessary when starting with the hydrochloride, which was insoluble 
in dry ethanol, but soluble in the wet solvent. The hydrochloride separated find could be recrystallised 
in the .same manner, forming rectangular tablets, m. p. 194° (decomp.) (Found : C, 63*0; H, 4*9; N, 
12*4. C,oH„N,ClS requires C, 63*0; H, 4*9; N, 12*4%). 

6-Ammo-2-benzylthiazole (1 g.) was treated with acetic anhydride (1 c.c.). The mixture became very 
hot, and on being rubbed with light petroleum set to a mass of yellowish crystals (yield, 1*2 g.). 

6- Acetamido-2-benzylthiazole (V) crystallised excellently from benzene, or a mixture of ethyl acetate, 
ethanol, or acetone with light petroleum, in square plates, m. p. 121° (Found : C, 61*8 ; H, 6*3 ; N, 11*7. 
CjaHijONgS requires C, 62*1 ; H, 6*2; N, 12*1%). It crystallised from water or aqueous solvents as a 
hydrate, m. p. 74 — 76°, in long hair-like needles. 

The compound was set aside with cold ethanolic hydrogen chloride for 2 days. It passed into 
solution (4 hours) and 5-amino-2-benzylthiazole hydrochloride, m. p. 194° (decomp.), crystalnsed cleanly 
from the colourless solution in good yield. The acetyl compound (0*95 g.) in concentrated hydrochloric 
acid (5 c.c.) was cooled to — 10° and a little water added. The well-formed crystals were filtered off and 
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washed with a little acetone. ^Acetamido-2-henzyUkiazole hydrochloride separated from ethanol-acetone 
in laths, m. p. 204 — 206®, which were very stable and did not discolour at 260® (Found : C, 63*7 ; H, 6*0 ; 
N, 10»6. CijHijONaSCl requires C, 63*6; H, 4*9; N, 10*4%). The same compound was obtained by 
adding ethereal hydrogen chloride to a solution of the base in acetone. The acetyl compound (1 g.) was 
refluxed with methyl iodide (2 c.c.) in acetone (10 c.c.) for 30 minutes, and the quaternary salt filtered off. 
It was insoluble in hot acetone and sparingly soluble in cold water, but crystallised from acetic acid 
(needles), water (rectangular tablets), or spirit (laths) ; ^•acetamidO’-2-benzylthiazole methiodide had m. p. 
266® (Found : C, 41-9; H, 4*1; N, 7*4, C^HigONaSI requires C, 41*7; H, 4*0; N, 7*6%). It gave 
intense blood-red colours with 1:3: 3-trimethyl-2-methyleneindoline-cu-aldehyde or ethyl orthbformate 
in hot acetic anhydride-pyridine. 

6-Amino-2-benzylthiazole (9*6 g.) in ice-cold ethanol (280 c.c.) was treated during 16 minutes with 
stirring with ice-cold N-sodium nitrite (60 c.c.) to which had been added 0*474N-hydrochloric acid (106 
c.c., 1 equiv.). The solution became orange and deposited red-brown crystals; these increased as the 
solution was allowed to assume room temperature and were filtered off (yield, 11 g.) after 40 minutes ; 
some evolution of hydrogen sulphide was noticed. The solid was extracted with boiling benzene 
(100 c.c.) ; the residue (3*6 g.) of bright orange-red powder (A) could be supplemented by a small quantity 
obtained from the alcoholic mother-liquor above. (A) was insoluble in water, ether, and light petroleum, 
slightly soluble in hot ethanol, acetone, chloroform, or ethyl acetate, readily soluble in hot acetic acid. 
It crystallised from acetic acid, nitrobenzene or much toluene in coppery, rectangular tablets or needles, 
m. p. 213® (Found: C, 61*2; H, 4*2; N, 17*4. CjoH^N^Sj requires C, 61*4; H, 4*4; N, 
17*9%), formulated as the a^ro-compound (VI). Light absorption (chloroform) : A max. = 281, 291, 
306 mfi, == 230; 463 mft, ~ insoluble in sodium hydrogen carbonate solution, 

apparently slowly changed by hot aqueous sodium hydroxide, gave a brown hydrochloride when its 
chloroform solution was treated with ethanolic hydrogen chloride, and gave a deep red solution in 
concentrated sulphuric acid. The benzene mother-liquors (above) were chromatographed on alumina ; 
material (B), obtained from a sharp brown band on developing with benzene-ethanol (1 : 1), 
rccrystallised from chloroform-light petroleum in pale yellow rectangular plates, m. p. 139® (Found : 
C, 64*2 ; H, 4*7 ; N, 18*4. C 20 H 17 ON 5 S requires C, 64-0 ; H, 4*6 ; N, 18*6%) ; in a later preparation the 
chromatography could be omitted. (B) is perhaps best formulated as the immo-derivative (VIII) ; it 
was insoluble in cold water, aqueous sodium hydrogen carbonate, and sodium hydroxide, but was 
changed by warm dilute mineral acid. Light absorption (ethanol) : A max. = 265, 322 m/ 4 , — 200, 

260. The imino-derivative was dissolved in warm methanol and diluted with warm 2N-hydrochloric acid. 
On cooling, the oxazolone derivative (IX) separated, filling the tube with crystals, m. p. 116®, which 
recrystallised from methanol in platelets, m. p. 114 — 116® (Found: C, 62*4; FI, 4*6; N, 13*9. 
C 2 oHi 602 N 4 S,MeOH requires C, 61*8 ; H, 4*9 ; N, 13*7%). Heating at 100® in a vacuum raises the m. p. 
to 202 — 206®. Light absorption (ethanol) : A max. — 301 m/x, F} c’m. — 

6-Amino-2-benzylthiazole (1 g.) in ethanol (30 c.c.) containing potassium acetate was treated with a 
diazonium salt solution prepared with ^-nitroaniline (0*7 g.) in excess of 8 % hydrochloric acid. The 
vessel was immediately filled with a highly crystalline scarlet precipitate of the azo-dye (2*3 g., m. p. 
140®). It crystallised fairly well from ethanol, tsopropanol, /er/. -butanol, or chloroform-ether; it 
also crystallised from acetic acid but was partly transformed into green crystals, though the nature of 
this change is obscure. ^-Amino~4:'-p-nitrobenzeneazo-2‘benzylthiazole (X; R — H) crystallised best 
from toluene containing a little nitrobenzene and then formed nist-brown needles, m. p. 168® on rather 
rapid heating (Found : C, 66 * 8 ; H, 3-6; N, 20*3. CieHjsOjjNgS requires C, 66 - 6 ; H, 3*9; N, 20*6%) ; 
it gave an intense purple solution with alkali. 

Diazotised ^-nitroaniline was coupled similarly with 5-acetamido-2-benzylthiazole. Coupling was 
slower and the colour (orange) less intense than with the aminothiazole. The dye was moderately 
soluble in ether or ethanol, easily soluble in the cold in chloroform, ethyl acetate or acetone. 
5-Acetamido-‘4:-i)-nitrobenzeneazo-2-benzylthiazole (X; R = Ac) crystallised from aqueous acetone or 
benzene in laths, m. p. 176—176® (Found : C, 57*2; H, 41; N, 18*0. CisHigOaNgS requires C, 56*7; 
FI, 4*0 ; N, 18*4%) ; it also gave a magnificent purple colour with sodium hydroxide. 

5- Amino-2-benzylthiazole (1*9 g.) and acetylsulphanilyl chloride (2 g.) were kept together in pyridine 
(6 c.c.) overnight, and the solution poured into water. The oil soon crystallised (yield, 3*2 g.) ; 
5-acetylsuiphanilamido-2’benzylthiazole crystallised from ethyl acetate containing a little ethanol, or from 
aqueous acetone, in needles, m. p. 189® (Found : C, 66*7; H, 4*4. CjeHi^OgNaSg requires C, 55 8 ; H, 
4*4%). The acetylsulphanilamide (1*6 g.) was refluxed with 2N-hydrochloric acid" (20 c.c.) for 0-5 hour. 
Filtration from a little gum and addition of concentrated aqueous sodium acetate gave t)-sulp}ianilamido- 
2-benzylthiazole (1 g.), which crystallised from dilute ethanol in prismatic needles, m. i 3 . 182° (Found : 
C, 66*4; H, 4*4; N, 11*8. CioHigOaNaSa requires C, 65*6; H, 4*3; N, 12*2%). 

6- Acetamido-2-benzylthiazole (1*26 g.) in 0*5N-hydrochloric acid (10 c.c.) and dioxan to give a 
permanent solution was treated with N-sodium nitrite (10 c.c.) at 0°. After standing for one week the 
brownish needles were collected and recrystallised from aqueous methanol. This compound was 
h-acetamidO‘2-henzylihiazole nitrate and was obtained from the base and nitric acid in alcohol ; it separated 
in colourless needles, m. p. Ill® (decomp.) (Found : C, 48*9; H, 4*3 ; N, 14*2. CiaHi 304 N 3 S requires 
C, 48*8; H, 4*4; N, 14*2%). When it was dissolved in acetic acid containing concentrated sulphuric 
acid and the solution poured into water it was converted into 4:-nitro-5-acetamido-2-benzyUhiazole (XI), 
which crystallised from ethanol in needles, m. p. 162® (Found : C, 52*6 ; H, 4*0 ; C 12 H 11 O 3 N 3 S requires 
C, 62*0; H, 4*0%). 6-Acetamido-2-benzylthiazole (4 g.) in acetic anhydride (10 c.c.) and acetic acid 
(30 c.c.) containing fused sodium acetate (4 g.) and phosphoric oxide ( 0*6 g.) was cooled to 8 ®, and nitrosyl 
chloride in acetic acid added (0*6 hr.) until the red colour persisted. The mixture was allowed to stand 
at room temperature for 1 hour and was then poured into water (cf. France, Heilbron, and Hey, /., 1940, 
369). On standing, crystals separated, m,. p. 136 — 140® raised to 162° on crystallisation from benzene 
and li^ht petroleum (charcoal) . 6-Acetamido-2-benzylthiazole ( 1 *0 g.) was dissolved in acetic acid ( 10 c.c.) 
containing concentrated sulphuric acid (1 c.c.), and concentrated nitric acid (0*6 c.c.) added. After 
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30 hours at room temperature the mixture was poured into iced water, and the 4*nitrothiazole. m. p. 
162^ collected. It was soluble in aqueous sodium hydroxide to give a red solution. 

a-Aminobenzyl cyanide (1*3 g.) in ether (10 c,c.) was shaken with sodium dithioformate (1*0 g.) in 
water (10 c.c.) for 2 days. b-Amino^^k-phenylthiazole (0*7 g.) separated in colourless needles, m. p. 
136 — 136"*, and was recrystallised from benzene; a further quantity of crude material (0*4 g.) was 
recovered from the ether [Found : C, 61*6; H, 4*6; M (Rast), 170. CjHgNgS requires C, 61*4; H, 
4*6% ; M» 176]. The substance coupled with diazotised a^ne in methanol solution containing sodium 
acetate. Treatment of a warm benzene solution of the base with acetic anhydride and addition of light 
petroleum (b. p. 40 — 60°) gave 6-acetamido-^henyUhiagole, m. p. 147 — 148°, crystallising from benzene 
m sheaves of colourless needles (Found : C, 60*4; H, 4*7. ChHiqONjS requires C, 60*6; H, 4*6%). 
Solution of 6-amino-4-phenylthiazole in acetic acid and addition of a little ethanolic hydrogen chloride 
caused rapid separation of B-amino-^phenylthiazole hydrochloride (Found : C, 61*1 ; H, 4*1. CgH 9 N 3 SCl 
requires C, 60*8 ; H, 4*2%) . The compound crystallised from acetic acid in needles, m. p. 218° (decomp.), 
and gave a blue precipitate with sodium nitrite in aqueous solution. 

Crude ethyl aminocyanoacetate (ca. 6 g.) in ether (100 c.c.) was shaken with sodium dithioformate 
(4 g.) in water (60 c.c.), and the product kept overnight at 0°. The crystals recrystallised from ethanol 
to give !o-amino-4rcarhethoxythiazole as prisms, m. p. 163*6° (Found : N, 16*3 ; S, 18*6. CjHgOaNjS 
requires N, 16*3 ; S, 18*6%) ; the m. p. was undepressed by the product of desulphurisation of 
6-amino-2-mercapto-4-carbethoxythiazole (Part II). The amme (0*6 g.) was boiled with acetic 
anhydride (0*6 c.c.) for 30 mins., and the solution poured on ice. 6-Acetamido-4rcarhethoxythiazole 
crystallised from water in long needles, m. p. 123° (Found : C, 44*7; H, 4*4; S, 16*0. CgHioOjNgS 
requires C, 44*9 ; H, 4*7; S, 16*0%). 

Methyl ethylxanthate (1*4 g.) and morpholine (0*9 g.) were mixed. Heat and methylthiol were 
evolved and crystals separated. ISi-MonothiocarbethoxymorphoHne was precipitated completely by 
adding ethanol and water, and recrystallised from aqueous ethanol or light petroleum in long needles, 
m. p. 68—69° (Found : C, 48*2 ; H, 7*4 ; N, 8*4. C^HiaO^NS requires C, 48*0 ; H, 7*4 ; N, 8*0%). 
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319. Studies in the Azole Series. Part II. The Interaction of 
oL-Amino-nitriles and Carbon Disulphide. 

By A. H. Cook, Sir Ian Heilbron, and A. L. Levy. 

The reaction between a-amino-nitriles and carbon disulphide leads, according to conditions, 
to 6-amino-2-mercaptothiazoles or derivatives thereof, or to dithiohydantoins. The former may 
be transformed into dithiohydantoins, or hydrolysed to a-amino-acids. The constitutions of 
representative compounds were confirmed by desulphurisation to. 6-aminothiazole3 or 
iminazoles. 'Fhe further chemistry of 6-amino-2-mercapto-4-phenylthiazole (IV), in particular 
including its acetylation, methylation, condensation with aldehydes or ketones, and oxidation, 
is described, and some implications of these reactions are discussed. 

The preceding paper described the preparation and properties of 6-amino-2-benzylthiazole and 
some near derivatives. The preparative method, interaction of aminoacetonitrile and 
sodium or methyl dithiophenylacetate, promised to be of extensive application and the present 
communication deals with a detailed study of the reaction between a-amino-nitriles and carbon 
disulphide, which may be regarded as the anhydride of dithiocarbonic acid. 

This reaction is stated (U.S.P. 2,143,816) to yield dithiohydantoins but the only example 



[1947] 


Studies in the Azole Series. Part II. 


1599 


jin detail is that with a-aminoisobutyronitrile. That the product was (1) was proved 

I ]t */ oxidising it to the known 6 : 6-dimethylhydantoin which was reconverted into the 
jjhio-compound by heating with phosphorus pentasulphide (Henze and Smith, J, Amer. Chem. 
1943, 65, 1090; cf. also Jacobson, ibid., 1945, 67, 1996). According to B.P. 612,629, 
‘.'^irodithiohydantoins, e.g., (HI), are similarly formed from amino-nitriles derived from cyclic 
etones. It is interesting in view of these findings to recall that Biicherer and Lieb {J. pr, Chem. , 
( 934 , 141, 6) had, by analogy with the formation of hydantoins from carbon dioxide and moist 
/a-amino-nitriles, unsuccessfully attempted the similar formation of dithiohydantoins. 
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Because of complications in the reaction between aminoacetonitrile and carbon disulphide, 
attention was first directed to the reaction between carbon disulphide and a-aminobenzyl 
cyanide ; this base is easily accessible from benzaldehyde, hydrogen cyanide, and ammonia 
(Dubsky, Bev.^ 1919, 52, 232). The reaction was easily effected at room temperature, carbon 
disulphide being used in aqueous suspension. The product was a high-melting yellow crystalline 
sojid, CjHgNaSg, which was obviously not 6-phenyl-2 : 4-dithiohydantoin. Contrary to this 
formulation it readily condensed with acetone to give a new compound, CigHigNgSo, which 
quickly reverted to the first material in presence of dilute mineral acid. This, together with 
other facts noted below, indicated that the primary product is more properly formulated as 
6’-aminO‘2-mercapto-4:’-phenyithiazole (IV), and the condensation product as the Schiff*s base (V). 
It is interesting to note that the analogous benzaldehyde Schiff's base is formed in small yield 
by the direct interaction at room temperature of benzaldehyde, ammonium cyanide, and carbon 
disulphide in ethanol. The thiazole (IV) itself condensed equally easily with other aldehydes 
and ketones such as acetophenone and cinnamaldehyde to give yellow-orange, liighly crystalline 
condensation products. All these bases were sensitive to mineral acid but more stable towards 
alkali, giving sparingly soluble sodium salts. Thus the l)enzaldehyde salt (VI) was obtained 
in yellow crystals, almost insoluble in water but soluble in ethanol, ethyl acetate, or acetone 
like metallic derivatives of dithiocarbamic acids to which they are obviously allied (cf. Delepine, 
Bull. Soc. chim., 1908, 3, 643). 

The chromophoric properties of the 5-amino thiazole system were particularly well illustrated 
by reaction of (IV) with glyoxal whereby the deep-red bisazomethine (VII) was readily formed ; 
it gave a deep purple disodium salt soluble in acetone with an intense blue colour. Exactly 
similar red colours were observed on boiling (IV) in pyridine with diacetyl, phenylmethylglyoxal, 
or benzil, the colours in each case deepening considerably in presence of alkali. Condensation 
proceeded remarkably easily between the hydrochloride of (IV) and carbonyl compounds in 
cold methanol; in this way Schiffs bases derived from phenanthraquinone and isatin were also 
obtained. 
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Hydrolysis of (IV) under moderately vigorous acid conditions gave a-aminophenylacetic acid 
and carbon disulphide. It was weakly basic and pseudoacidic ; it formed a hydrochloride, and 
when treated with methyl sulphate in an aqueous alkaline medium was converted into 
b-amino-2-methylihio-4c-phenylthiazole (VIII). Similar alkylation with benzyl chloride afforded 
5-afnino-2‘benzylthiO'‘4:-phenyUhiazole. Methylation was effected more easily by refluxing with 
methyl iodide in ethanol, the hydriodide of (VIII) being obtained. When the first method was 
used, a water-soluble methosulphate formed a by-product. This compound could still be 
diazotised and coupled with p-naphthol and is formulated as 6-amino-2-methylthio-4:-phenyl- 
thiazole methosulphate. It condensed remarkably easily with compounds containing reactive 
methyl or methylene ; for instance, on mixing with an aqueous solution of quinaldine methiodide, 
methylthiol was evolved and a cyanine dyestuff separated in purple crystals. This and similar 
reactions will be reported in detail in due course. 

Diazotisation of (VIII) gave a diazonium salt solution which coupled readily with 
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5-amino-2-benzylthiazole to a deep red dye. Similarly, by using p-naphthol, the^crystaUine 
azo-dye was isolated. Condensation of (VIII) with glyoxal in ethanol gave the ^'-dimethyl 
derivative of (VII) which separated almost immediately as maroon crystals. A better reagent 
was a cold methanolic solution of the hydrochloride of (VIII), which reacted immediately with 
numerous carbonyl compounds (see experimental portion), to give the corresponding Schiff*s 
bases. It may be mentioned that a colour writh glyoxal under these conditions seems diagnostic of 
the presence of a 5-aniino-2-mercaptothiazole. Acetylation of (VIII) gave ^-acetamido-2-methyU 
ihio-4c-phenylthiazoh (IX), also obtained by the action of alcoholic methyl iodide on 
5-acetamido-2-mercapto-i-phenylthiazole (see below) ; (IX) was relatively stable to boiling 
sodium hydroxide and ethanolic hydrogen chloride. 

P^KHAc y. 

(VlII.) (IX.) (X.) 

Many attempts were made to condense 5-aniino-2-mercapto-4-phenylthiazole (IV) with 
^-nitrosodimethylaniline, a variety of products being obtained under difEerent conditions. 
Insofar as they were examined, however, the reaction seemed one of oxidation-reduction rather 
than condensation. For instance, in pyridine considerable heat was evolved and a deep red 
colour developed; analysis of the red-brown crystalline product agreed best, though not 
completely satisfactorily, with the quinoneimine (X). This formed a labile hydrochloride which 
on more prolonged treatment with ethanolic hydrochloric acid was converted into the 
bis-hydrochloride of ^-aminodimethylaniline. 

When (IV) was acetylated for a short time under mild conditions, an alkali-soluble 
monoacetyl derivative formulated as 6-acetamido-2-mercapto-4:-phenylthiazole (XII) was 
obtained, though perhaps as a result of hydrolysis of the diacetyl derivative. More drastic 
treatment gave an alkali-labile diacetyl derivative regarded as h-diacetylaminO‘2-mercapto-4k- 
phcnylthiazole (XI), and still more prolonged treatment gave a triacetyl derivative. Both di- 
and tri-acetyl derivatives reverted to (XII) on mild hydrolysis and the triacetyl compound 
must, it appears, be formulated as 5-diaoetylamino-2-aceiylihio-4:-phenylthiazole (XIII). 
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When (IV) was allowed to stand with alkaline hydrogen peroxide it was converted into a 
red sodium salt, from which the free compound was obtained as an orange pigment. Treatment 
of the sodium salt w’ith methyl sulphate gave a non-acidic orange dimethyl derivative. Analyses 
suggested empirical formulae of the type CaellaaONgS* and C 38 H 2 eON 6 S 4 respectively for these 
products {%.€., four thiazole nuclei with two methyl groups or methylatable hydrogen atoms) 
although the molecular weight of the methyl derivative in camphor seemed to be 306 ; there is 
as yet insufficient evidence to suggest detailed structures for these compounds. The same 
acidic product was formed on aerial oxidation of (IV) or with sodium nitroprusside in alkaline 
solution, and in surprisingly good yield by treating (IV) with alkali and acetylsulphanilyl 
chloride. 

Many other colour reactions of the mercaptothiazole were observed; e.g., intense red colours 
were developed on warming with benzoyl chloride or 2 : 4-dinitrochlorobenzene but the nature 
of the products was not investigated. 

In view of the antibacterial activity of certain cyclic thiols (Gibbs and Robinson, 1946, 
^26), the effect of (IV) was examined. At a concentration of 1 mg./c.c. in neutral phosphate 
buffer it showed considerable inhibition of the growth of Staph, aureus. 

Convincing evidence of the correctness of the thiazole structures was afforded by treating 
(IV) and its derivatives with alkali and Raney nickel respectively. For example, when (IV) 
was brought into contact with the latter reagent in hot ethanol, removal of one atom of sulphur 
proceeded spontaneously to give the known 6-amino-4-phenylthiazole (Part I, preceding paper), 
which, unlike the parent mercapto-compound, gave no characteristic colours with glyoxal. 
The base was also obtained by desulphurising the corresponding acetone or benzaldehyde 
Schiff’s bases of (IV), and the acetyl derivative was smoothly prepared by desulphurising 
6-acetamido-2-mercapto-4-phenylthiazole. 
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When (IV) was boiled with aqueous ammonia the solution soon ceased to give the 
characteristic SchifE's base with glyoxal, and an isomeride of the original base was isolated; 
from results described below this is formulated as 2 : ^-dithio-^-phenylhydantoin (XIV). The 
same dithiohydantoin was obtained by treatment of (IV) with caustic alkali, together with 
1' : 5-bis-{2 : ^-dithio-b-phenylhydantoin) (XV). The latter structure is assigned by analogy 
with diphenylhydantil, formed by the action of alkali on 5-phenylhydantoin (Pinner, Ber,, 
1888, 21, 2320; Gabriel, Annalen^ 1906, 250, 118). (XV) was more readily obtained by the 
action of mild oxidising agents on the dithiohydantoin. Treatment of 6-amino-2-methylthio-4- 
phenylthiazole (VIII) with alkali led to elimination of meth^dthiol and formation of 
4-thio-6-phenylhydantoin (XVI) with the same properties as that described by Johnson and 
Chernoff (/. Amer. Chem. Soc., 1912, 34, 1212). The structure of (XIV) was indicated by its 
pseudoacidic and non-basic character and especially by its behaviour with Raney nickel. By 
contrast with the parent thiazole (IV) both sulphur atoms were labile, the product being 
5(4)-phenyliminazole (XVII), also obtained from (XV) by similar means. Further examples 
of this facile synthesis of iminazoles of more general interest wnll be described in later 
communications. An attempt was made to synthesise (XIV) by the action of phosphorus 
pentasulphide on 5-phenylhydantoin, but surprisingly the product proved to be 
6(4)-phenyliminazole (XVII). Both (XIV) and (XV) were remarkably stable to acid and 
alkaline hydrolysis, more so than their oxygen analc>gues. 


Ph-CH — CS 
NH NH 


Ph*CH N CPh-CS 

CS CS NH NH 

(XV.) 


Ph*(;:ii— CS 
NH NH 


N^/NH 

(XVII.) 


When a-aniiriopropionitrile was treated with carbon disulphide under conditions comparable 
with those in the foregoing experiments, two products were obtained in approximately equal 
yield. One was a pseudo-acid with no observable basic properties and is probably to be 
formulated as 2 : 4-dithio-6-methylhydantoin. The second product evolved acetaldehyde on 
warming with mineral acid and is regarded as the acetaldehyde Schiff's base of 5-amino-2-mercapto- 

4- methylthiazole, treatment with hydrogen chloride giving b-amino-^-mercapto-^-mcthylthiazole 
hydrochloride characterised by the scarlet colour with glyoxal. The formation of the 
acetaldehyde Schiff’s base is clearly similar to that of the corresponding phenyl compound 
described above. Indeed, when the present reaction was deliberately carried out in presence of 
acetaldehyde, dithiohydantoin formation was completely inhibited and the aminothi azoic 
derivative was the sole product. 

On similar reaction of ethyl aminocyanoacetate (cf. preceding paper) a product was easily 
isolated which although failing to diazotise under normal conditions did so iii concentrated 
sulphuric acid solution and must be formulated as ry~aminO’2~mercapto-4:-carbethoxyihiazole. 
This was confirmed by treatment with Raney nickel, whereby it was converted into 

5- amino-4-carbethoxythiazole, identified with the material described in the preceding paper. 
When the condensation with carbon disulphide was carried out in acetone solution an unstable 


intermediate, probably the acetone Schiff’s base, was obtained which passed into the above 
aminomercaptocarbethoxy thiazole on recrystallisation. 

The above examples indicate therefore a general reaction leading to aminothiazoles or 
dithiohydantoins according to conditions. It is possible, moreover, that analogous reactions 
take place between a-amino-nitriles and carbon dioxide, for a facile combination of carbon 
dioxide and a-aminobenzyl cyanide was observed, giving a surprisingly stable product having 
a composition corresponding to (CgH 8 X 2 ) 2 , 003 . Bucherer and Steiner (/. pr. Chem., 1934, 
140 , 291) observed that the interaction of carbon dioxide and a-aminoisobutyronitrile led to 
6 : 6-dimethylhydantoin together with a second product tentatively regarded as (XVI IT ; 
R, R' = Me). 

CRR'«CN CRR'-C:NH CRR'-CO 

NHj ^ NH O ^ NH NH 


CRR'-CN 

NHt 

Y 


CRR'-CO-NHg 

NH-CO-NH-CRR'-CN (XVIII.) 
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The genesis of both products is readily understood if the formation of an imino-oxazolidone as 
an intermediate comparable with the above aminothiazoles be assumed. In this case the 
product from a-aminobenzyl cyanide is best regarded as (XVIII; R H, R' *= Ph). The 
rearrangement of the imino-oxazolidone to the hydantoin may be compared with the transform- 
ation of o-cyanobenzoic acid into phthalimide presumably via an imino-compound (Sandmeyer, 
Ber., 1886, 18 , 1499). 

It will be noticed that in the above examples an aminothiazole was obtained in the case of the 
reactions with a-aminobenzyl cyanide or ethyl aminocyanoacetate and that in the former 
instance a medium such as alkali or moist pyridine was required to complete the transformation 
into the dithiohydantoin. This reflects a stabilising influence of the phenyl and the carbethoxyl 
group on the thiazole ring and, secondly, suggests that the mechanism of the transformation 
consists first in fission of the bond (a) : 


Ph-CH-COoH 


h-CHn 

NH, 


+ CS, 


Acid 


Ph 


t 

N 


C-NH, 

(6) 


Alkali 


dH 


Ph.C==C*SH Ph'CH — C! 

ll NHj ^ NH N: 


%^/ONa 

Ik 


NH NH 

V 


The closely analogous cyclisation of a-carbethoxyaminophenylthioacetamide in alkali to 

4- thio-5-phenylhydantoin (XVI) has been described by Johnson and Chernoff (loc. cit.). When 

5- amino-2-mercapto-4-phenylthiazole was boiled, on the other hand, with dilute mineral acid, 
a-aminophenylacetic acid and carbon disulphide were formed indicating fission at (6) which 
may be preceded by elimination of ammonia. This indirect hydrolysis of an a-amino-nitrile has 
been applied to the preparation of more complicated a-amino-acids which will be described 
elsewhere. The process offers advantages in that the aminothiazole derivatives are more 
readily isolated and crystallise easily compared with a- amino-nitriles. 

The above transformation into a dithiohydantoin presents no essential novelty, being 
paralleled in other heterocyclic series of varying complexity. Thus the transformation (A) 
was noted by Freund (Annalen, 1895, 285 , 154), (B) by Busch and Limpach {Ber., 1911, 44 , 560), 


::NMe 


(A.) 


\ 


NMe 


s cs 

S NMe 


Uq 


(CO 




R-N- 

MeN 


::nr' 




R-N CS 

MeN NR' 




(B.) 


Ph‘C:NPh 
RPhN S 
\/ 


Ph 


Ph-(j::s 

RPhN NPh 

\/ 


I 


(D.) 


Ph 


and (C) by McClelland and Salkeld (/., 1936, 1143). The observation of acyclic 
transformations of this kind, of which (D) is a recent example (Rivie and Langer, Helv. Chim, 
Ada, 1943, 26, 1722), points to a probable oversimplification in the mechanism suggested under 
{a) above. 

The absorption spectra of most of the above thiazoles are tabulated below. A practically 
invariable feature is a band at ca. 2900 a. vrhich reflects a strong bathochromic effect of the 
5-amino-grouping, as thia 2 ^oles and alkylthiazoles exhibit a band at ca. 2400 a. (Ruehle, J. Amer. 
Chem. Soc., 1935, 57 , 1887; Jones, Robinson, and Strachan, 1946, 91). 


Experimental. 

Reactions with a-Aminohenzyl Cyanide . — Redistilled benzaldehyde (367 g.) was mixed with anhydrous 
hydrogen cyanide (103 g.), and aqueous ammonia (d 0*880, 1 — 2 c.c.) added to initiate the reaction, 
which was moderated by strong cooling. After the mixture had stood at room temperature for 7 hours, 
liquid ammonia (66 g.) dissolv^ in ethanol (160 c.c.) was added and the mixture stood for 1 day at room 
temperature and 2 days at 0°. The large plates of a-aminobenzyl cyamide (116 g.) which had separated 
were filtered off and washed with plain spirit (600 c.c.) ; m. p. 66®. The syrupy filtrate was treated with 
carbon disulphide (200 c.c.), and large yellow crystals (126 g,) of the thiazole (see below) were soon 
deposited. This crude product (m. p. 259®, decomp.) contained about 8% of the corresponding benzylidene 
derivative, which can be removed as its insoluble sodium salt by treatment with aqueous sodium 
hydroxide. 

a-Aminobenzyl cyanide (13*6 g.) was refluxed in ether (260 c.c.) with carbon disulphide (10 g.) for 8 
hours. The yield of yellow crystals (12*8 g.) was augmented by standing the filtrate with carbon 
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disulphide (10 g.) overnight (total yield, 19*6 g., 93%). In another preparation the nitrile (20 g.) in 
e^er (600 c.c.) was kept with carbon disulphide (11 c.c.) for 2 ^ days, and the crystals (26 g.) collected; 
on longer standing a further 4 g. separated (total yield, 96%). 

a-Aminobenzyl cyanide hydrochloride (1*0 g.) in water (10 c.c.) was neutralised to phenolphthalein 
with 2N-sodium hydroxide, and carbon disulphide (0*5 c.c.) and a little methanol added. After 17 hrs.* 
shaking at room temperature, crude 6-amino-2-mercapto-l-phenyUhiazole (IV) (0*65 g.) was obtained. 
This was sparingly soluble in ethanol, from which it separated in bright yellow tablets, and in most 
common solvents, but crystallised well from pyridine-ethanol in needles, and then had m. p. 261 — 262® 
(decomp.) (Found : C, 62*3; H, 3*9. C^HgNjSj requires C, 51*9; H, 3*9%). It was converted into a very 
insoluble product in boiling nitrobenzene but dissolved in alkali and was precipitated unchanged by 
acid ; it was soluble in aqueous baryta, a barium salt soon crystallising in plates. The thiazole dissolved 
in concentrated sulphuric acid to a lemon-yellow solution and deposited a chocolate-brown precipitate on 
dilution. Treatment with benzoyl chloride or 2 : 4-dinitrochlorobenzene in dioxan gave an intense red 
colour. 

The thiazole (IV) was shaken with ethanolic hydrogen chloride. After about 1 hour the flask was 
hUed with a thick cream of hydrochloride. 5~Aniino^2-mercapto-4:-phenyUhiazole hydrochloride could be 
recrystallised from ethanol-ethereal hydrogen chloride but crystallised best from methanol on adding 
concentrated hydrochloric acid ; it formed colourless needles, m. p. 189° (decomp.) (Found : C, 44*0 ; H, 
4 0; N, 11*1. CgHgNgSjCl requires C, 44*2; H,3*7; N, 11*4%). 

The thiazole (IV) was refluxed with excess of acetone. After 1 hour a clear solution was obtained 
which was evaporated in a vacuum and the residue taken up in ethanol. On cooling, the Schiff*$ base 
(V) separated in pale yellow needles, m. p. 187°, in almost theoretical yield (Found : C, 68*2; H, 6*1; 
N, 10*9. CigHigNgSa requires C, 58*1 ; H, 4*8 ; N, 11*3%). The same product (1 g.) was obtained when 
a-aminobenzyl cyanide (1 g.) was refluxed with carbon disulphide (5 c.c.) and acetone (20 c.c.) for 3 
hours, and the solution evaporated until it crystallised. 5- Amino-2-mercapto thiazole was refluxed 
overnight in ethanol with an excess of acetophenone. On filtering and cooling an excellent yield of the 
acetophenone Schiff*s base crystallised. It could be recrystallised from ethanol containing dioxan in 
yellow needles, m. p. 212° (Found : C, 65*5; H, 4^2; N, 8 * 6 . Ci 7 Hi 4 N 2 S 2 requires C, 65*8; H, 4*5; N, 
9 0%) ; it was also formed, though in poorer yield, on boiling the components in pyridine. The 
aminothiazole (IV) (2 g.) was refluxed with ethanol (50 c.c.) and cinnamaldehyde (2 gj for 5 mins., the 
contents of the flask then having set almost solid with a mass of orange crystals ( 2*7 g.). 
The cinnamaldehyde Schiff*s base was insoluble in ethanol, moderately soluble in hot toluene, chloroform, 
acetone, or ethyl acetate, from which it crystallised in needles, or in acetic acid from which it separated in 
spear-shaped crystals. It was best crystallised from ethanol-dioxan ( 2 : 1 ) in orange needles; m. p. 
226° (Found: C, 68 * 6 , 66 * 6 ; H, 4*5, 4*9; N, 8*9. CigHigNgSg requires C, 671 ; H, 4*4; N, 8*7%). It 
gave a red crystalline sodio-derivative crystallising from aqueous ethanol, and an intense red colour 
with ethanolic hydrogen chloride or concentrated sulphuric acid, but dilute acid quickly hydrolysed it to 
its components. 

The benzaldehyde Schiff's base, which could be prepared in the usual manner, crystallised from 
ethanol containing a little water in fine yellow needles, m. p. 226 — 229° (slow heating) after contracting 
at 206° (Found : C, 66*0; H, 4*1; N, 9*55. requires C, 64*9; H, 41; N, 9-5%). 

Benzaldehyde (10-6 g.) in ethanol (50 c.c.) was kept over-night with ammonium cyanide (4*5 g.) and 
carbon disulphide (8 g.). The Schiff’s base (4*0 g.) separated and a further 2*5 g. separated after 1 week. 
The benzaldehyde Schiff’s base dissolved in 2N-sodium hydroxide to a lemon-yellow .solution which on 
standing deposited a yellow solid. This sodium salt (VI) was soluble in acetone, ethanol, or ethyl acetate 
and was purified by extraction with acetone and precipitation with light petroleum or by crystallisation 
from aqueous sodium hydroxide, then separating in jagged yellow laths having a pearly lustre, m. p. 
298° (Found: C, 62*0; H, 4*7; N, 7*7. Ci 6 HiiN 2 S 2 Na, 3 H 20 requires C, 51*6; H, 4*6; N, 7-5%) ; it 
gave the original mercapto-compound on acidification. 

5- Amino-2-mercapto-4-phenylthiazole (IV) (2 g.) in 2N-sodium hydroxide (6 c.c.) diluted to 25 c.c. 

was treated with 60% glyoxal (1*6 c.c.) in water (5 c.c.) . An intense purple colour appeared immediately, 
heat was evolved, and a sodium salt soon separated. The salt was suspended in hot water (100 c.c.) and 
acidified to give the free condensation product; more was obtained from the filtrate from the sodium 
salt (total yield 1*8 g.). The bisazomethine compound (VII) was practically insoluble in ethanol, acetic 
acid, dioxan, toluene, and other solvents but crystallised from pyridine-ethanol in sheaves of purple 
needles, m. p. 292 — 293° (decomp, ) (Found : C, 56*0; H, 3*4. C 20 H 14 N 4 S 4 requires C, 64*8 ; H, 3*2%). 

It was soluble in alcoholic ammonia to a purple solution which became deep blue in acetone, the sodium 
salt also giving a blue .solution with acetone. The colour was observed also in pyridine but not in dioxan, 
ethanol, ethyl acetate, or diethylamine. 

6- Amino-2-mercapto-4-phenylthiazole (IV) (2 g.), acetic anhydride (10 c.c.), and 1 drop of 
concentrated sulphuric acid were refluxed for 3 minutes and solvent removed in a vacuum. The 
crystalline residue was dissolved in hot ethanol (15 c.c.). On cooling, the crystals (0*7 g.), m. p. 
162 — 163°, were collected, and a second crop (1*5 g.), m. p. 148 — 168°, isolated from the mother-liquor 
(this material consisted mainly of the diacetyl derivative and on crystallisation from aqueous ethanol the 
m. p. rose considerably). The solid in the minimum of acetone-benzene (1:3) was chromatographed on 
alumina and eluted with 10% and ultimately with 90% acetone in benzene. The material from 10 
fractions was substantially homogeneous (m. p. 244—247°). It was insoluble in hydrocarbons, 
chloroform, ethyl acetate, ether, or water, but soluble in hot ethanol, acetone, or acetic acid. 
b-Acetamido-2-mercapto-4k-phenylthiazole (XII) separated from ethanol in colourless needles, m. p. 
244—246° (Found: C, 53*1; H, 4*0; N, 10*9. CiiHioONjS* requires C, 52*8; H, 4*0; N, 11*2%), 
which dissolved immediately in alkali. In a larger preparation 6 -amino- 2 -nM 3 rcapto- 4 -phenylthiazole 
(30 g.) was heated to boiling with acetic anhydride (100 c.c.), and the clear solution poured into water 
(1 1.). The precipitated oil rapidly granulatecl and was dissolved in sufficient warm 2N-sodium hydroxide 
and precipitated with concentrated hydrochloride acid from a total volume of 2 1. The product (35*5 g.), 
after being washed and dried at 100°, had m. p. 244° (decomp.). The parent aminothiazole (IV) 



1604 


Cook, Heilbron, and Levy : 

(1 g.) was refluxed for 6 mins, with acetic anhydride (6 c.c.). On cooling, the solid was collected and 
washed with ether, more being obtained from the filtrate on adding light petroleum (total yield, 1*16 g.). 
b-DiautylaminQ-2-mercapto-4f‘PhenyUhiazoU (XI) recryutallised best from acetic anhydride in 
prismatic needles, m. p. 166® (Found : C, 63*2; H, 4*2. Ci|HxaO|NsS, requires C, 63*4; H, 4*1%) ; it 
dissolved (0*6 min.) in cold 2N-sodium hydroxide, the preceding monoacetyl derivative bein^ recovered 
on acidification, and hydrolysis also /took place slowly on exposure to air. The parent aminothiazole 
(IV) (2 g.) was warmed for 46 mins, at 100^ with acetic anhydride (10 c.c.) containing a little sulphuric 
acid, and the solution finally refluxed for 3 mins, and evaporated in a vacuum. The residue crystallised 
and was recrystallised (yield 0*9 g.) from ethanol to give the triacetyl derivative (XIII) as prisms, m. p. 
132® (Found: C. 640; H, 4*3; N, 8*6. requires C. 63*9; H, 4*2; N, 8*4%). This 

compound also reverted to the N-monoacetyl compound on mild hydrolysis. 

6'-Amino-2-mercapto-4-phenylthia2ole (IV) (10 g.) in 2N-sodium hydroxide (20 c.c.) was stirred with 
chloroform (50 c.c.) and methyl sulphate (6 c.c.) dropped in during 6 mins. Acidification of the aqueous 
layer gave unchanged starting material (1 g.). Evaporation of the chloroform layer and addition of 
alcoholic hydrogen chloride gave 6-amino-‘2-methylthio-4t’phenylthiazole hydrochlofide, which crystallised 
from ethanol in magnificent, pale yellow needle clusters, m. p. 176° (decomp.) (Found : C, 46*3; H, 
4*3; N, 10*6. CjoHuNjSaCl requires C, 46*4; H, 4*3; N, 10*8%). The crude free base obtained from 
the chloroform solution above was mixed with a small excess of acetic anhydride ; heat was evolved and 
the mixture solidified. 5-Acetamido-2~methylthiO’-i:-phenylthia2ole (IX) crystallised from ethanol in 
well-formed needles, m. p. 168® (Found : C, 64*9; H, 4*6 ; N, 10*4. CuHiaONgS, requires C, 64*6; H, 
4*6; N, 10*6%). The compound was still a base, affording a crystalline hydrochloride with hydrogen 
chloride in etliyl acetate. 

In a larger methylation experiment (41*6 g. of aminomercapto-compound) the chloroform was 
evaporated and the semi-crystalline residue treated with ethyl acetate to give 5-amino-2-methyithio-4- 
phenylthiazole methosulphate (6*0 g.), which crystallised best from /eW.-butanol in ‘long needles, m. p, 
123® (Found: C, 41*0; H, 5*0; N, 8*0. Ci 2 Hie 04 N 2 Ss requires C, 41*4; H, 4*6; N, 8*0%). The 
compound was water-soluble, and reaction with aqueous quinaldine methiodide containing 1 equiv. of 
sodium hydroxide gave a deep purple precipitate; no colouration was obtained with glyoxal. The 
substance was biologically inactive towards Staph, aureus in 0*2% phosphate buffer (pH 7). The 
corresponding pier ate crystallised from acetic acid in needles, m. p. 202° (Found : C, 44*3; H, 3*4; N, 
14*9. Ci 7 Hi 507 N 6 Sa requires C, 43*9; H, 3-2; N, 15*0%). The ethyl acetate filtrate (above) was 
evaporated, and the residue in ether run on to an alumina column and developed with 20% ether in light 
petroleum. The eluates yielded ^-amino^2^methylihio-4t-phenyUhiazole (VIII), which crystallised from 
light petroleum (b. p. 80 — 100°) in colourless needles, m. p, 70 — 71° (Found : C, 64*0; H, 6*0; N, 12*8. 
C 10 H 10 N 2 S 2 requires C, 64*0; H,4*6; N. 12*6%). 

6-Amino-2-mercapto-4-phenylthia2ole (IV) (2 g.) was refluxed with methyl iodide (1*6 g.) in ethanol 
(10 c.c.) for 0*5 hour. On cooling, a mass of pale needles separated (2*7 g.), which recrystallised from 
ethanol to give h-amino-^'methylthio-^^phenylihiazole hydriodide, m. p. 172° (decomp.) (Found : C, 
34*5; H, 3 6. CioHnNaSal requires C. 34*3; H, 3*14%). 

5-Acetamido-2-mercapto-4-phenylthiazole (XIT) (34 g.) was refluxed with methyl iodide (20^ g.) in 
ethanol (200 c.c.) for 10 minutes, the reaction being exothermic. Pyridine (10 c.c.) was added, and the 
mixture cooled to yield 5-acetamido-2-methylthio-4-phenylthiazole (IX) (37 g.), m. p. 162 — 210°; 
dilution of the filtrate with water gave a second crop (8'6 g.), m. p. 167°. The combined crops were 
recrystallised from ethanol (250 c.c.) to yield the pure thiazole above, m. p. 168°. 

a-Aminobenzyl cyanide (2*6 g.), benzyl chloride {2*5 g.), and carbon disulphide (1*6 g.) were kept at 
room temperature in pyridine (10 c.c.) for 18 hours. The solvent was evaporated in a vacuum, and the 
syrupy residue treated with water (20 c.c.) and ether (20 c.c.) ; a small quantity of 5-amino- 2-mercapto- 
4-phenyItluazole separated and was removed by filtration. The ether was washed successively with 
2N-sodium hydroxide (20 c.c.), 2N-hydrochloric acid (10 c.c.), and water (20 c.c.) and dried and 
evaporated to yield b‘amino-2-benzyUhi<hArphe7iyUhiazole, m. p. 107° (Found : C, 66*0; H, 5*0; N, 
9*2; S, 21*4. Ci 8 Hi 4 N 2 Sa requires C, 64*4; H, 4*7; N, 9*2; S, 21*5%). The compound crystallised 
best from cyr/ohexane, and lost benzylthiol on treatment with aqueous alkali. It readily condensed with 
glyoxal to give a scarlet Schiff's base and could be diazotized in acid solution. 

5- Amino-2-methylthio-4-phenylthlazole hydrochloride (2*5 g.), dissolved in acetic acid (26 c.c.) 
containing concentrated sulphuric acid (2 c.c.), was cooled in a freezing mixture, and treated during 6 
minutes with N-sodium nitrite (10 c.c.). After standing in ice for a further 10 minutes, the diazotised 
base was added to a solution of j8-naphthol (1*4 g.) in ethanol (40 c.c.) and water (10 c.c.) containing 
saturated aqueous sodium acetate (10 c.c.), and the precipitated dye collected. Extraction with hot 
ethanol followed by solution in warm benzene and precipitation with light petroleum (b. p. 40 — 60°) 
gave 2-meihyUkio-^-phenylthiazole-5-azo-p-naphthol (1*5 g.), which crystallised from ethyl acetate in long 
red needles, m. p. 170 — 171°, and gave an intense blue solution in concentrated sulphuric acid (Found ; 
C, 63*2 ; H, 4*2; N, 11*3. CgoHuONsSj'requiresC, 63*6; H, 4*0; N, 11*1%). = 

6- Ammo-2-methylthio-4-phenylthiazole (VIII) (1*7 g.) in cold ethanol (30 c.c.) was treated with 60% 
glyoxal (3 c.c.) in ethanol (10 c.c.). A scarlet colour and crystalline precipitate appeared within 20 secs. 
The solution was heated to boiling and filtered hot (yield, 0*7 g,). The azomethine compound was 
insoluble in ethanol, acetic acid, or ethyl acetate, moderately soluble in hot chloroform, benzene, or 
toluene, and crystallised from benzene containing a little light petroleum in needles, m. p. 242 — 243° 
(decomp.). The compound appeared to form a labile brown hydrochloride, dissolved in concentrated 
sulphuric acid to a purple solution, and was apparently stable to boiling 2N-sodium hydroxide. 

In another preparation of this and other methylated Schiff*s bases equivalent proportions of the 
carbonyl compound and 6-amino-2-methylthio-4-phenylthiazole hydrochloride were mixed in cold 
methanol, and the condensation product crystallised in almost quantitative yield. The results are 
summarised in the following table. This method was also most convenient for preparing the mercapto* 
Schiff’s bases from 5-amino-2-mer<?apto-4-phenylthiazole hydrochloride, and the last two entries in the 
table are examples of its use. 
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Carbonyl 

M. p. and 

Rccryst. 


Analysis. 

Found, %. Required, %. 

component. 

colour. 

from : ♦ 

Formula. 

C. 

H. 

N. 

C. 

H. 

N. 

Benzaldehyde 

119°, yellowish- 

A 

^17^14^,8, 

65*2 

4*4 

8*4 

65*8 

4*5 

9*0 

Cinnamalde- 

green 

143°, bronze 

B 

CigHi9N,S, 

68*5 

6-8 

8*1 

67*9 

4*8 

8*3 

hyde 

Glyoxal 

241—242°, deep 

C 

CggH,9N484 

66*8 

57*0 

4*6 

4*2 

12*2 

56*7 

3*9 

12*0 

Phenanthra- 

red 

187—188°, brown. 

D 

C34HieON3S3 

69*5 

4-0 

6*5 

69*9 

3*9 

6*8 

quinone 

Isatin 

green reflex 

230°, scarlet-red 

C 

C,9Hi30N383 

61*9 

3*9 

11*6 

61*5 

3*7 

12*0 

Alloxan 

288°, red 

E 

Cx4^10^8^4S2 

49*2 

3*1 

16*4 

48*6 

2*9 

16*2 

Phenanthra- 

211°, deep purple 



C33H,40N,S, 

48*0 

69*0 

2*8 

3*8 

6*4 

69*3 

3*6 

7*0 

quinone (SH) 
Isatin (SH) 

311°, purple, cop- 

E 


60*4 

3*7 

12*1 

60*5 

3*3 

12*6 

pery lustre 










* A = ethanol ; B = acetic acid ; C = benzene ; D — ethyl acetate ; E = p5rridine. 


5-Amino-2-mercapto-4-phenylthiazole (IV) (6 g.) and j^-nitrosodimethylaniline (5 g.) were warmed in 
pyridine (25 c.c.) to initiate the exothermic reaction. Evaporation and addition of water-ethanol 
(1 : 4, 40 c.c.) gave red-brown crystals which were recrystallised in similar manner or from light petroleum 
and then had m. p. 92°; this is probably the quinoneimine (X) (Found : C, 77-1; H, 7-4. C22H22N4 

requires C, 77*6 ; H, 6*4%). On rapid treatment with ethanolic hydrogen chloride a labile hydrochloride 
was obtained, but longer treatment (at room temp, for 10 mins.) followed by addition of ether gave 
/>-ammodimethylaniline dihydrochloride, m. p. 208° (decomp.) (lit. m. p. 218°) (Found: C, 46-6; H, 
6*9; N, 12‘7. Calc, for C8HJ4N2CI2 : C, 46*0; H, 6*7; N, 13*4%). It gave known colour reactions 
with ferric chloride, sodium nitrite, sodium nitroprusside, hydrogen peroxide, alkaline ferricyanide, 
and iodine in potassium iodide, and the methylene-blue reaction with hydrogen sulphide followed by 
ferric chloride. 

Oxidation Experiments, — 5-Amino-2-mercapto-4-phenylthiazole (IV) was oxidised in aqueous alkali 
under a variety of conditions, forming an insoluble, red, crystalline, sodium salt, and a number of other 
more complex green oxidation products which have not been investigated. Hydrogen peroxide, oxygen, 
potassium ferricyanide, sodium nitroprusside, and benzoquinone all gave red and green products, though 
the proportion seemed to vary with the oxidising agent employed. None of the simple disulphide was 
isolated in these experiments, though there is evidence that it was formed in acid solution. 

In a typical large-scale experiment, the aminothiazole (15 g ) was dissolved in 2N-sodium hydroxide 
(40 C.C.), and oxygen passed through the solution for 16 hours. The red needle crystals (1*8 g.) which 
were precipitated were filtered off, washed with a little water and dried. They decomposed at 277 — 278° 
and contained sodium. Solution in ethanol, acetone, ethyl acetate, dioxan, or pyridine was very ready, 
and the material could be crystallised from these solvents by adding ether or light petroleum. 
Crystallisation was best effected, however, from warm water, in which the salt was readily soluble. In 
all but acetone and pyridine the solutions were deep red, but in these two solvents the reagent colour was 
very similar to the rhodamines, showing also a violet fluorescence (cf . behaviour of sodium salt of glyoxal 
Schiff*s base). Addition of other metallic ions to the aqueous sodium salt solution caused precipitation 
of crystalline and highly coloured metallic derivatives; e.g., the barium salt melted at 267 — 270° and 
crystallised beautifully from hot aqueous ethanol. Acidification of the sodium salt caused precipitation 
of the free acid (see below) as light orange needles, m. p. 241°. 6-Amino-2-mercapto-4-phenylthiazole 
(IV) (2 g.) in 2N-sodium hydroxide (12 c.c.) was treated with acetylsulphanilyl chloride (2 g.), producing 
an intense purple colour which later became green. After being .shaken for 1 hour at room temperature, 
the mixture was filtered, and the insoluble material (0*95 g.) purified by recrystallisation from warm 
sodium carbonate solution, forming deep red needles, m. p. 268—269°, identical with the above sodium 
salt. 

The sodium salt (1*8 g.) was dissolved in hot water (200 c.c.) and filtered from a little insoluble material. 
Sodium hydrogen carbonate solutioQ (20 c.c.) was added, followed by chloroform (100 c.c.), and methyl 
sulphate was dropped into the well-stirred mixture until the intense colour had passed from the aqueous 
to the organic layer. The mixture was filtered from some orange material (substance A) which had 
separated during the reaction and the chloroform was sej^arated, washed, dried, and evaporated to yield a 
mass of dark crystals. These were washed with ether which removed most of the colour, leaving a yellow 
substance which crystallised well from hot ethanol in needles, m. p. 128° [Found : C, 64*5 ; H, 3*9 ; N, 
11‘7; M (Bast), 306. 03911,40X884 requires C, 64*2; H, 3*7; N, 11*8%; M, 710]. Light absorption 
(chloroform) : Anu«. = 265, 282, 327, 450 nut ; -= 525, 525, 320, 820. 

Substance A melted at 239—240°, and was identical with the free acid. It was insoluble in both hot 
and cold water, ether, alcohol, acetic acid, and toluene, sparingly soluble in hot ethyl acetate and 
chloroform, and readily soluble in acetone, dioxan, and pyridine on gentle warming. However, 
crystallisation proved difficult; use of mixed solvents in the cold caused either too rapid precipitation 
or none, and prolonged heating with acetic acid or aqueous dioxan caused decomposition into alkali- 
insoluble materials, and yellow materials soluble or insoluble in alkali according to conditions. These 
degradation products were not further investigated. The compound crystallised best from a large 
volume of hot chloroform in small orange needles, m. p. 239 — 240° (Found : C, 62*9; H, 3*4; N, 12*1. 
€9311,20X984 requires C, 63*3; H, 3*3; N, 12*3%). Light absorption (dioxan) : An»x. — 223, 260, 270, 
315, 460 aui. = 400, 600, 400, 400. 
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5-Amino-2-mercapto-4-phenylthia2ole (IV) (10 g.) and Raney nickel (24 g.) were suspended in ethanol 
( 120 c.c.) and the mixture heated to boiling, after which the heat of reaction caused spontaneous refluxing. 
When reaction was complete the mixture was cooled, filtered from nickel sulphide, and evaporated in a 
vacuum. The brown semicr 3 rstalline residue possessed an amine-like odour and gave an intense green 
fluorescence in ethanol, probably due to small amounts of 2 : 2'-bisthiazoles (Karrer and Sanz, Helv, 
Chim. Acta, 1944, 27, 619) . It was dissolved in benzene and chromatographed on alumina ; development 
and elution with this solvent gave, on evaporation, 6-amino-4-phenylthiazole, m. p. 135-~136®. 
Continued elution with 20% acetone in benzene yielded a further quantity of the amino thiazole, best 
isolated as the hydrochloride. This substance did not give a red Schiff's base with methanolic glyoxal. 
6-Acetamido-2-mercapto-4-phenylthia2ole (XII) (0*5 g.) and Raney nickel (1*2 g.) were suspended in 
ethanol (20 c.c.), and the mixture refluxed for 10 minutes. Nickel sulphide was removed by filtration, 
and evaporation in a vacuum gave 6-acebamido-4-phenylthiazole, m. p, 147 — 148®. The reaction was 
cleaner than with the parent amine. The benzaldehyde Schiff's base of 6-amino-2-mercapto-4-phenyl- 
thiazole (10 g.) and Raney nickel (3 g.) were refluxed in ethanol (20 c.c.) for 15 minutes. After filtration 
and evaporation in a vacuum a rather poor yield of 5-amino-4-phenylthiazole hydrochloride, m, p. 216® 
(decomp.), was obtained by treating the residue with ethereal hydrogen chloride containing a little 
ethanol. The acetone Schiff's base of 6-amino-2-mercapto-4-phenylthiazole (V) (0*6 g.) and Raney 
nickel (3 g.) were refluxed in ethanol (15 c.c.) for 15 minutes. Filtration and evporation gave, on rubbing 
with benzene, 6-amino-4-phenylthiazole m. p. 135 — 136®. 

5-Amino-2-mercapto-4-phenylthiazole (IV) (5 g.) was moistened with ethanol and boiled with 
2N-hydrochloric acid (50 c.c.) for 1*5 hours. No hydrogen sulphide was produced, but an oily liquid was 
formed which was distilled out and collected in methanol containing some o-aminobenzyl cyanide. The 
solution, on standing for a day, deposited yellqw crystals of 5-amino-2-mercapto-4-phenylthiazole (IV), 
m. p. 261°, together with a small quantity of red, alkali-soluble crystals, m. p. 272 — 273®. Essentially, 
therefore, the sulphur is split out as carbon disulphide. The hydrolysate was filtered from some 
insoluble material (0*7 g. ; a mixture of unreacted thiazole and an orange-brown substance) and 
evaporated to dryness. The residue was treated with acetone to give colourless rods of a-aminophenyl- 
acetic acid hydrochloride (2*7 g.). Recrystallised from 18% hydrochloric acid it had m. p. 212® 
(decomp.); mixed m. p. with authentic material, 209° (decomp.). Treatment with potassium acetate 
solution gave the free base, subliming at 285 — 290° ; authentic a-aminophenylacetic acid sublimed at 
281—283°. 

5- Amino-2-mercapto-4-phenylthiazole (IV) (20 g.) was boiled with 2N-sodium hydroxide (100 c.c.) for 
1 hour. The solution, which now failed to give a scarlet Schiff's base with glyoxal, was diluted with 
water (600 c.c.), and the product precipitated by 2N-hydrochloric acid (200 c.c.) was extracted with 
boiling acetic acid (300 c.c., 300 c.c., 200 c.c.). The orange residue (4 g.) was insoluble in all common 
solvents except pyridine and was crystallised from alcoholic potash by addition of acetic acid to give 
V \ ^-his-(2 : ^-dithio-^-phenylhydantoin) (XV), m. p. 270 — 271° (decomp.) (Found: C, 51*8; H, 3*15 ; 
N, 13*6. Ci 8 Hi 4 N 4 S 4 requires C, 52*2; H, 3*4; N, 13*5%). The acetic acid filtrates were cooled to 
0° and the 2 : 4:-dithio-6-phenylhydantoin (XIV) which separated (10*5 g.) was recrystallised rapidly from 
acetic acid, forming colourless clusters of stout needles, m. p. 264 — 265° (decomp.) (Found : C, 51*9, 
62*5 ; H, 4*3, 3*8. C 9 H 8 NaS 2 requires C, 61*9 ; H, 3*9%). This substance readily darkened on exposure 
to air or undue heating in solvents. It was soluble in pyridine and dioxan on gentle warming, moderately 
soluble in hot acetic acid, sparingly soluble in hot ethanol, and insoluble in other common solvents. 

6- Amino-2-mercapto-4-phenylthiazole (IV) (1 g.) was boiled gently in aqueous ammonia {d 0*880) 
for 2 hours, a sufficient concentration of ammonia being maintained to keep the thiazole in solution. 
The ammonia was then boiled off, and after filtration from unreacted mercaptothiazole, the solution was 
acidified to yield 2 : 4-dithio-5-phenylhydantoin (XIV), ra. p. 264 — 265° (decomp.). 5-Amino-2- 
mercapto-4-phenylthiazole (IV) (5 g.) was refluxed in pyridine (20 c.c.) for 15 minutes; some hydrogen 
sulphide was evolved and the solution became deep red. On cooling, a mass of deep red crystals was 
produced, which could be recrystallised from pyridine, and melted at about 75°. On exposure to air for 
10 minutes, or treatment with ethanol or water, the material fell to an insoluble orange powder, m. p. 
270 — 271°, identical with 1' : 5-bis-(2 : 4-dithio-5-phenylhydantoin) (XV). The same result was 
obtained when 2 : 4-dithio-5-phenylhydantoin (XIV) was substituted for the aminothiazole in the above 
experiment. The deep red crystals were not produced, however, when a saturated pyridine solution of 
the bisdithiohydantoin (XV) was cooled. 6--\mino-2-methylthio-4^henylthiazole hydriodide (1 g.) was 
refluxed with 2N-sodium hydroxide (20 c.c.) for 0-5 hour. The solution was filtered from a 
little unsaponified material and acidified with concentrated hydrochloric acid. Methylthiol was evolved 
and yellow granular crystals of 4-thio-6*phenylhydantoin (XVI) were precipitated, m. p. 259 — 260° 
(decomp.) (Johnson and Chernoff, toe. cit., give m. p. 259°, decomp.) ; mixed m. p. with the 
dithiohydantoin (XIV) 244° (decomp.). 

2 : 4-Dithio-6-phenylhydantoin (XIV) (2 g.) and Raney nickel (6 g.) were suspended in ethanol 
(50 C.C.), and the mixture refluxed for 10 minutes. After filtration from nickel sulphide and evaporation 
to dryness, the residue was extracted with ether to yield, on removal of solvent, 6(4)-phenyliminazole 
(XVII) (0*6 g.) (Found : C, 75*0; H, 5*8. Calc, for C^H^Na : C, 75*0; H, 5*6%), which crystallised 
from benzene in plates, m. p. 133 — 134° (Pinner, Ber., 1902, 35, 4135, gives m. p. 128 — 129°). 
1' : 6-Bis-(2 : 4-dithio-5-phenylhydantoin) (XV) (2*5 g.) was refluxed in ethanol (50 c.c.) with Raney 
nickel (6 g.) for 0-5 hour. Filtration and evaporation yielded 5(4)-phenyliminazole (XVII), m. p. 
133 — 134®, extracted from the residue with ether. ' 

6 -Phenylhydantoin (1*2 g.) (Lehmann, Ber., 1901, 84, 372) was boiled in tetralin (20 c.c.) with 
phosphorus pentasulphide (3 g.) for 2 hours. The hot solvent was decanted from the lower oily layer 
which dissolved in warm 2N-sodium hydroxide (50 c.c.), and yielded 5(4)-phenyliminazole (XVII) (0*6 g.), 
m. p. 132 — 133° (mixed m. p. with product from Raney nickel desulphurisation of the dithiohydantoin, 
133 — 134°), on cooling. 

5 -Amino-2-mercapto-4-phenylthia2ole (IV) (20 g.) was boiled with 2N-sodium hydroxide (250 c.c.) 
until the solution no longer gave an intense red colour with aqueous glyoxal (0*5 hr.). Chloroform 
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(100 c.c.) and benzyl chloride (25 g.) were then added, and the mixture shaken for 4 hours. The plates, 
m. p. 108°, which had separated (28 g.) were filtered off and washed with chloroform. This substance was 
a sodium salt, recrystedlisation of which from acetic acid yielded 2 : 4:-dithio-5-phenylA {or S) -benzyl - 
hydantoin in needles, m. p. 194° (Found : C. 04*2; H, 4-6; N, 9*2. CieHi4N,S2 requires C, 64-2; H, 
4-7 ; N, 9*4%). Light absorption (ethanol) : Amax. 277 m/x, “ 750, The above sodium salt (16 g.) 
was dissolved in warm ethanol (50 c.c.), and benzyl chloride (6*5 g.) added. After standing at room 
temperature for 1 hour the sodium chloride was filtered off, and evaporation of the filtrate to small bulk 
in a vacuum gave a mass of colourless needles. 2 : 4t-Dithio~5-phenyl-l : d-dibenzy I hydantoin crystallised 
from chloroform-light petroleum (b, p. 40 — 60°) in needles, m. p. 114° (Found : C, 69*6; H, 5*2; N, 
7*4; S, 16*7. C23H20N2S8 requires C, 71*1 ; H, 5-2; N, 7*2; S, 16‘5%). Light absorption (chloroform) ; 

Amax. 277 mjx, 390. The substance was recovered unchanged after refluxing for 0*5 hour in acetic 

anhydride. A little of the dibenzyl derivative was dissolved in acetic acid, and the crystalline 
hydrochloride precipitated by addition of a few drops of ethanolic hydrogen chloride. 2 : 4:-Dithio-5- 
phenyl-l : S-dibenzylhydantoin hydrochloride crystallised from acetic acid in colourless needles, m. p. 
168— 170° (Found : C, 64-6; H, 6-1 ; N, 6*6; S, 14-7. C23H20N2S2.HCI requires C, 66-0 ; H, 5-0; N, 
6-6 ; S, 15-1%). It was soluble in ethanol and insoluble in acetone. 

1' : 5-Bis-(2 : 4-dithio-5-phenylhydantoin) (XV) (0*5 g.) v/as refluxed with 2N-sodium hydroxide 
(10 c.c.) for 1 hour. Acidification yielded 2 : 4-dithio-5-phenylhydantoin (XIV^) (0*4 g,), m. p. 267 — 268° 
(decomp.); (XIV) was stable in alkali. 2 : 4>Dithio-5-phenylhydantoin (2 g.) was boiled with 50% 
sulphuric acid (25 c.c.) for 24 hours, the material initially turning orange with simultaneous evolution of 
sulphur dioxide. The mixture was diluted with water, and the insoluble crystals, m. p. 261° (decomp.), 
collected. After treatment with 2N-sodium hydroxide and removal of a little insoluble material, m. p. 
257 — 261°, acidification gave orange 1' : 5-bis-(2 : 4-dithio-5-phenylhydantoin) (XV), m. p. 270 — 271° 
(decomp.), 

A warm saturated solution of the dithiohydantoin (XIV) in ethanol was treated with iodine in 
ethanol; immediate decolourisation occurred and 1' : 5-bis-(2 : 4-dithio-5-phenylhydantoin) (XV) was 
precipitated, m. p. 272° (decomp.). Ferric chloride added to an acetic acid solution gave a similar 
result. Hydrogen peroxide in ethanol gave an insoluble product, m. p. 271 — 272° (decomp.), w'hich, 
however, was not identical with 1' : 5-bis-(2 : 4-dithio-5-phenylhydantoin). When an ethanolic solution 
of 2 ; 4"dithio-5-phenylhydantoin was refluxed, the bis-compound (XV) was slowly deposited owing to 
aerial oxidation. 

Reactions with a-Aminopropionitrile. — Acetaldehyde-ammonia (73 g.) was added in portions during 2 
hours to ice-cold anhydrous hydrogen cyanide (48 c.c.), and the mixture kcj)t for 2 hours at room 
temperature and distilled at 12 — 15 mm. (Del^pine, Bull, Soc, chim., 1903, 29, 1184). Two main fractions 
were obtained, (A) b. p. 65 — 75°, and (B), b. p. 115 — 125°, as well as smaller intermediate fractions. 
Fraction (A), which is essentially a-aminopropionitrile (2*1 g.), was kei>t with carbon disulphide (2*3 g.) 
in ethanol (25 c.c.) for 2 days. 2 : 4-Dithio-5-methylhydantoin (3 g.) separated, ni. p. 224° (decomp.), 
and was crystallised by solution in aqueous ammonia (d 0*880), dilution with 50% ethanol, and 
precipitation with 2N-hydrochloric acid. The compound was insoluble in common solvents except 
pyridine, and readily darkened on exposure to light and air. It was soluble in aqueous alkali and the 
solution gave a red colour with sodium nitroprussidc but not with glyoxal. In the presence of 
acetaldehyde, formation of dithiohydantoin in the above reaction was completely inhibited and the 
acetaldehyde Schiff's base of the corresponding thiazole (see below) was obtained, though in poor yield. 

Fraction (B), diluted with ethanol, was kept overnight with excess of carbon disulphide, and a mass 
of colourless needles of the acetaldehyde Schiff’s base of 6-amino-2-mcrcapto-4-methyl thiazole, m. p. 
203° (decomp.), separated (Found : C, 42*1; H, 4*8; N, 16*1; S, 37*2. CgHgNgSg requires C, 41*9; H, 
4*7 ; N, 16*3 ; S, 37-2%). The compound was soluble in hot ethanol, ethyl acetate, and acetic acid, and 
in cold dioxan and pyridine. It readily darkened on exposure to light or on heating in solvents. The 
Schiff's base was readily soluble in aqueous alkali, and on warming, acetaldehyde was evolved ; warm 
dilute acids also Hberated acetaldehyde. When ethanolic hydrogen chloride was added to a solution of 
the Schiff's base in warm ethyl acetate, lS-amino-2-mercaptc-irmethyUhiazole hydrochloride, m. p. 197° 
(decomp.), was rapidly precipitated (Found : C, 26*6; H, 4*1 ; N, 14-8. C4H7N3S3CI requires C, 26*3 : 
H, 3*8; N, 15*3%). The compound was insoluble in acetic acid, acetone, and ethanol, soluble in 
methanol and water, and was best crystallised from methanol and ether. It darkened on exposure to 
light, and did not yield a free base on treatment with aqueous sodium hydrogen carbonate ; treatment of 
a methanol ic or aqueous solution of the above hydrochloride with aqueous glyoxal gave an immediate 
scarlet precipitate. 

a-Aminopropionitrile hydrochloride (5-3 g.) (Dubsky, Ber., 1916, 49, 1048) was suspended in ethanol 
(25 c.c.) containing a little phenolphthalein and titrated to neutrality with N-ethanolic sodium ethoxide. 
After filtration from sodium chloride, the mixture was set aside over-night at 0° with carbon disulphide 
(4 C.C.). 2 : 4-Dithio-6-methylhydantoin (1*1 g.), m. p. 223° (decomp.), separated, and addition of 

ethereal hydrogen chloride to the filtrate gave 6-amino-2-mercapto-4-methylthiazole hydrochloride 
(1-1 g.), m. p. 197° (decomp.). 

Reaction with Ethyl Aminocyanoacetate, — An ethereal solution of the ester (see Part I, loc. cit.) was kept 
overnight at 0° with excess of carbon disulphide. Extraction and crystallisation of the residue from 
ethanol yielded colourless barrel-shaped tablets of b-amino-^-mercapto-ii-carbethoxy thiazole, m. p. 
182 — 183° (decomp.) (Found: C, 35-7; H, 4-0; N, 13-4. CgHgOjNgSa requires C, 35-3; H, 3*9; N. 
13*7%). The compound contains a diazotisable group but did not give a colour with glyoxal. The 
above compound (2 g.) was suspended in ethanol (30 c.c.) with Raney nickel (6 g.) and refluxed for 15 
minutes. Filtration of the intensely blue fluorescent solution and evaporation yielded 
6-amino-4-carbethoxythiazole, m. p. 163° after crystallisation from ethyl acetate, undepressed by the 
material described in the preceding paper. 

5-Amino-2-mercapto-4-carbethoxythia2ole (1*0 g.) was refluxed with methyl iodide (1*0 g.) in ethanol 
(5 c.c.) for 3 minutes, and the plates (1*5 g.) which separated on cooling recrystallised from methanol and 

5l 
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ether to give 6’>amino-2-metkyUhio‘-^carbethoxythiazoU hydriodide, m. p. 164 — 166® (decomp.) (Found : 
N, 8*1 . C,HiiO,N2lSj requires N, 8*1 %) . Treatment with aqueous sodium hydrogen carbonate Tead^ 
yielded the corresponding base, which crystallised from aqueous ethanol in long needles, m. p. 108® 
(Found : C. 38*8; H, 6*1 ; N, 131 ; S, 29*4. CtHjaOjNiSj requires C, 38*6; H, 4*6; K, 12*8; S, ^*4%). 

Reaction with Carbon Dioxide. — a-Aminobenzyl cyanide (1 g.) was dissolved in ethanol (30 c.c.), and a 
slow stream of carbon dioxide passed through the solution overnight. The flocculent precipitate was 
recrystallised from acetic acid to give a-cyano~a'^carbantyldibenzylurea (XVIII ; R = H, R' « PhK 
m. p. 224® (decomp.) (Found: C, 66*0; H, 6*3. C17H10O2N4 requires C, 66*2; H, 6*2%). 
The^compound was only slowly attacked by boiling dilute acids and alkalis. 


Light absorption of thiazoles, N S 
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320. Syntheses of Some Amino-acids, including Methionine. 

By J. R. Catch, A. H. Cook, A. R. Graham, and Sir Ian Heilbron. 

Methyl-, ethyl-, and benzyl-thiol readily combined with acraldehyde in presence of organic 
bases to give j3-methyl-, -ethyl-, and -benzyl-thiopropaldehydes, which were satisfactorily 
converted by the Strecker reaction into methionine, ethionine, and S-benzylhomocysteine 
respectively. Similar reactions employing benzylthiol with crotonaldehyde or 
j9-methylcrotonaldehyde led to the corresponding a-amino-y-benzylthio-acids of which the 
second was debenzylated to o-amino-y-mercapto-y-methyl-w-valeric acid. In accordance with 
this formulation, the acid did not behave like a substituted cysteine but gave thiazans (i.e., 
6-membered ring compounds) by condensation with carbonyl compounds. Some of the above 
amino-acids were also obtained by indirect hydrolysis of the corresponding nitriles via 
heterocyclic intermediates. 

This work was carried out in connection with the synthesis of a-amiuo-y-mercapto-y-methyl-n- 
valeric acid (I). This acid is of interest in view of its relationship to penicillamine 
(II), a degradation product of the various naturally occurring penicillins, and therefore presents 
the possibility of obtaining analogues of the natural antibiotics. 

MeX-CHj-CH-COaH MejC — CH-COgH CRR'-CHa*CHO 

SH NHa SH NH^ SR" 

(1.) (IL) (III.) 

Compounds which might have provided the closest models for tiie synthesis of (I) were 
methionine and homocysteine. However the syntheses of these acids which have hitherto 
been considered most practicable would require, when applied to (I), intermediates of doubtful 
accessibility. An obvious route to methionine, the Strecker reaction applied to p-methylthio- 
propaldehyde (IIT ; R, R' = H ; R" = Me), has been explored by Barger and Coyne [Biochem, 
1928, 22, 1420) and rejected as a useful method because of poor yields. Despite this 
circumstance it seemed worth while exploring the possibilities of working with the analogue 
(III; R, R' = Me; R" =:= H or other group) . 

The aldehyde (III ; R, R' == H ; R" = Me) has previously been obtained (Barger and 
Coyne, loc. cit.) from p-chloropropaldehyde diethylacetal via the p-metliylthioacetal, but direct 
addition of thioacetic acid or thiols to a^-unsaturated aldehydes offered an improved route. 
Kaneko and Mii (J. Chem. Soc. Japan, 1938, 59, 1382; C.A., 1939, 33, 2100), and Rothstein 
(/., 1940, 1560) have described the addition of methyl- and ethyl-thiol respectively to 
acraldehyde, but the conditions employed by the first-mentioned authors are obscure and the 
yield recorded for the second addition is poor. It has now been found that thioacetic acid 
readily adds to acraldehyde, crotonaldehyde, and p-mcthylcrotonaldehyde to give satisfactory 
yields of ^-acetylthio-propaldehyde, -n-hutaldehyde, and -isovaleraldehyde (III ; R, R' = H ; 
R = H, R' = Me ; R, R' = Me respectively, R" = Ac) ; these formulations are based on 
analogy with additions of thiols (see below) where there can be no doubt of the direction of 
addition. Meanwhile, similar reactions with thiols were found to proceed equally readily, and 
closer attention was paid to them in view of the greater probability of cleaner transformations 
at later stages. 

Methyl- and etliyl-thiols were found to react quickly with acraldehyde at 0° in presence of a 
catalytic quantity of a strong base such as triethylamine to give p-methylthio- and 
p-ethylthio-propaldehyde (III; R, R^ = H; R" = Me, Et, resr>ectively) in good yield. In 
similar fashion benzylthiol and the appropriate ap-unsaturated aldehyde afforded ^‘hcnzylihio- 
ptopaldehyde, -n-butaldehyde, and -\&ovaleraldehyde (III; R, R' = H; R = H, R' = Me; R, 
R' s=s Me respectively, R" s= CH^Ph). All these aldehydes were characterised as their 
diniirophenylhydrazcmes . 

p-Methylthiopropaldehyde was conyerted by anhydrous hydrogen cyanide followed by 
ammonia into a-amino-y-methylthio-w-butyronitrile (IV) (R, R' = H, R^' == Me) wdiich was 
more conveniently isolated as its oxalate than as its hydrochloride. In the same way the 
homologous nitrile (IV ; R, R' m H, R" « Et) was obtained, also as its oxalate, and the 
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Catch, Cook, Graham, and Heilbron : 


above-mentioned benzylthioaldehydes were similarly converted into the nitriles (IV; 
R" = CHgPh; R, R' = H; R = H, R' = Me; R, R' = Me), isolated as their hydrochlorides. 


CRR'-CHg-i 

CH-CN 

CHg*CH,H 

CH CS 

CH,-CH,-C= 

SR" 

NHj 

SR" 

NH-CS*NH 

Imb n: 


>N:CHPh 


(IV.) 


(V.) 


(VI.) 


Facile hydrolysis of certain a-amino-nitriles has been effected (Cook, Heilbron, and Levy, in 
the press) by first allowing them to react with carbon disulphide and refluxing the resulting 
6-amino-2-mercaptothiazoles with dilute mineral acids, and the behaviour of some of the present 
a-amino-nitriles under these conditions was therefore investigated. a-Amino-y-methylthio-w- 
butyronitrile and carbon disulphide gave 5-p’methylthioethyldithiohydantoin (V) (R" == Me) 
directly, though the anticipated 5-amino-2-mercapto-4-p-methylthioethylthia2ole could be 
obtained as its henzylidene derivative (VI) by carrying out the condensation in presence of 
benzaldehyde (Cook, Heilbron, and Lev^y, loc. cit.). The nitrile (IV; R, R' = H; R" = Et) 
.similarly afforded 5-ethylthioethyldithiohydantoin (V; R" = Et). Hydrolysis of (V; R" = Me) 
and of (VI) yielded methionine a.s was anticipated, but in these instances there was no advantage 
in proceeding via the heterocyclic compounds for methionine could be obtained in satisfactory 
yield by direct hydrolysis of the appropriate nitrile with boiling hydrochloric acid. It 
is noteworthy that by the steps outlined above methionine was obtained from acraldehyde in an 
overall yield of 29%, the process thus appearing much superior to earlier preparations. 
Ethionine was obtained similarly in equally satisfactory yield. 

Two of the above a-aminobenzylthio-nitriles (IV ; R" = CHaPh; R = H, R' = H or Me) 
were hydrolysed similarly without difficulty to give 5-benzylhomocysteine and oL-aniino-y-benzyl- 
ihio-n-valeric acid respectively. The third a-aminobenzylthio-nitrile (IV) (R" = CHjPh; 
R, R' — Me) was however converted into the corresponding a-amino-acid only in poor yield by 
direct hydrolysis. It w^as fortunate that in this case reaction with carbon disulphide under 
.selected conditions gave not a dithiohydantoin but ^‘aminO‘2-mercapio-A:-^'henzylthioisohutyU 
ihiazole (VII) . Unlike the previous dithiohydantoins, compound (VII) was not only pseudoacidic 
but was also basic and condensed easily with glyoxal in the characteristic manner of 5-amino- 


CMeaCHa‘C=====C*NHa rCMea-CHj*C======:C CMeg-CHg-CH-COaMe 

SCHgPh N:C(SH)*S LsCHjPh N:C(SH)»S Ja S-UHPh-NH . 

(VII.) (VIII.) (IX.) 


2-mercaptothiazoles to give the hisazomethine derivative (VIII). The thiazole (VII) could 
l>e hydrolysed without difficulty and thus satisfactorily afforded oL-amino-y-benzylthio-y-methyl- 
n-valeric acid. The benzyl group was removed from the latter compound by means of sodium 
in liquid ammonia to give oL-amino-y-ihiol-y-mcthyUn-valeric acid (I). 

The direction of addition of methyl- and ethyl- thiol to acraldehyde is clear from the eventual 
emergence of methionine and ethionine. That similar additions of benzylthiol take place in a 
comparable direction to that postulated above seems certain in that the amino-acid 
formulated as (I) failed to give the indigo-blue colour with ferric chloride which is characteristic 
of a-amino-p-thiol-acids such as cysteine and its homologues. The acid (I) still however 
condensed easily with carbonyl compounds, for example giving with benzaldehyde 
4-carboniethoxy-Q : Mimethyl-2’phenylthiazan (IX) by simultaneous esterification. 

It w^as at first thought that the amine corresponding to the amino-acid (I) might be more 
easily accessible and worthy of study. To this end p-benzylthio-w-butaldehyde and -(5-methyl- 
«-butaldehyde were converted into their oximes which were reduced to y-benzylthio-n-butylamine 
and -y-methyUn-hutylamine, The preparation of the acid (I) however made the debenzylation 
of these amines less important and the pursuit of this part of the project was discontinued. 


Experimental. 

Acraldehyde (5*6 g. ; 6-7 c.c.) was cooled in ice, and thioacetic lacid (7*6 g., 7*1 c.c.) was added. A 
brisk reaction took place and the product, after standing overnight, was distilled under reduced pressure. 
p-Acetylthiopropaldehyde, b. p. 92 — 93®/14 mm., tijf* 1*4943, was obtained as a colourless liquid (68%) 
(Found : C, 46*9; H, 6*4; S, 23*0. CjHgOjS requires C, 46*4; H, 6*1; S, 24*2%). The dinitrophenyh 
bydrazone recrystallised from ethanol in yellow needles, m. p. 127*6® (Found; C, 42*6; H, 4*2. 
CiiHijOfiNgS requires C, 42*3; H, 3*9%). Crotonaldehyde (21 g.) and thioacetic acid (22*6 g.) reacted 
as above. p-Acetylthio-n-butaldehyde had b. p. 91 — 92®/! 1 mm., 1*4882 (66%) (Found ; C, 49*8; H, 
7*2. CgHjjOjS requires C, 49*3; H, 6*9%). The .diniirophenylhydrazone crys&lised from ethanol in 
yellow hexagonal plates, m. p. 96® (Found : C, 44*4; H, 4*4. CijHjiOjNgS requires C, 44*2; H, 4*3%). 
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)5-Methylcrotonaldehyde (8 g.) and thioacetic acid (8 g.) similarly gave )?-acetylthio-/?-methyl-«- 
butaldehyde, b. p. 110®/20 mm.» 1*4922 (33%). The dinitrophenylhydrazone crystallised from ethanol 
in yellow rhombic plates, m. p. 94® (Found : C, 46-6; H, 4*6. Ci3HieC55N4S requires C, 46*9; H, 4-7%). 

Methylthiol, generated from S-methylisothiourea sulphate (60 g.) and 5N-sodium hydroxide (100 c.c.) 
(Org. Synth, t Coll. Vol. II, 345), was passed in a slow stream of coal gas into acraldehyde (20 g.) containing 
triethylamine (2 drops) and cooled to 0°. The mixture was distilled and the fraction, b. p. 166 — 176®, 
collected (32 g. ; 86%). Redistillation gave )3-methylthiopropaldehyde, b. p. 166®/760 mm. (Barger and 
Coyne, Biochem. 1928, 22, 1420, give b. p. 60®/12 mm.), n??' 1-4824 (Found : C. 46-0; H, 7-6; S, 30-3. 
Calc, for C^HgOS : C, 46*1 ; H, 7*8 ; S, 30*8%). The dinitrophenylhydrazone crystallised from ethanol in 
yellowish-orange needles, m. p. 122 — 123° (Found : C, 42*5; H, 4*4. CioHi204N4S requires C, 42-2; H, 
4*3%). Ethylthiol (12 g.) was added dropwise with stirring to a mixture of acraldehyde (10 g.) and 
triethylamine (5 drops) cooled to 0°. Distillation of the product gave ;3-ethylthiopropaldehyde, b. p. 
180 — 190° (62%) which, on redistillation, had b. p. 186°/760 mm. (Rothstein, 1940, 1660, gives b. p. 
60°/10 mm.), 1-4788 (Found : C. 50-4; H, 8-2; S, 27-4. Calc, for CgHjoGS : C, 60-8; H, 8-5; S. 

27-1%). The dinitrophenylhydrazone crystallised from 90% aqueous ethanol, in orange-red laths, m. p. 
100° (Found: C, 44-6; H, 4-6; N, 18-4. CHH14O4N4S requires C, 44-3 ; H, 4-7; N. 18-4%). 

To acraldehyde (6-6 g. ; 6-7 c.c.) cooled in ice, benzylthiol (12-4 g.) was added, followed by a droplet of 
piperidine. Heat was evolved. After 1 6 minutes at 0° and 1 hour at room temperature, ether was added 
and the solution washed with dilute hydrochloric acid and water, dried, evaporated, and distilled. 
R-Benzylthiopropaldehyde was obtained as a colourless oil, b. p. 158°/12 mm., wjf 1*5660 (15 g. ; 83%) 
(Found: C, 66*66; H, 6*90; S, 18*0. CioHiaOS requires C, 66*65; H, 6*90; S, 17*8%). The 
dinitrophenylhydrazone crystallised from ethanol in yellow needles, m. p. 112*6° (Found : C, 53*6; H, 
4*7. CieHi804N4S requires C, 63*3; H, 4*6%). Crotonaldehyde (28 g. ; 32*8 c.c.) and benzylthiol (60 
c.c.) were mixed at 0°, a droplet of piperidine was added, and the mixture was kept at room temperature 
for 3 hours and heated on the steam-bath for 1 hour. The product was isolated as above. 
p-Benzylthio-n-butaldehyde (68 g. ; 87%) had b. p. 166 — 157°/10 mm., n^* 1*5523 (Found: C, 68*2; 
H, 7*4; S, 16*9. C11H14OS requires C, 68*0; H, 7*3; S, 16*5%). The dinitrophenylhydrazone 
crystallised from ethanol in small yellow leaflets, m. p. 69" (Found : C, 54*2; H, 4*9. Ci^HjgO.N.S 
requiresC. 64*6; H, 4*8%). 

Benzylthiol (7*5 c.c.) containing piperidine (6 drops) was added to freshly prepared jS-methylcroton- 
aldehyde (5 g.) and the mixture heated on the steam-bath for 3 hours. ^-Benzylthioisovaleraldehyde was 
isolated as above (7 g. ; 66%), b. p. 109 — 110°/0-Imm., 172°/15 mm., w})®“ 1*5484 (Found : C, 69*^; H, 
7*6; S, 16*9. CjaHjeOS requires C, 69*2 ; H, 7*7; S, 15*4%). Th.% dinitrophenylhydrazone crystdllised. 
from ethanol in needles, m. p. 113° (Found : C, 56-7 ; H, 6*1. C18H20O4N4S requires C, 55*6 ; H, 5*2%). 

A mixture of )3-benzylthiopropaldehyde (1*12 g.) and hydrogen cyanide (1 c.c.) at 0° was treated with 
a droplet of piperidine. After 0*5 hour at room temperature a small excess of ethereal hydrogen chloride 
was added and the excess of hydrogen cyanide removed under reduced pressure. After addition of 10% 
alcoholic ammonia (3 c.c.), the solution was sealed, left overnight^ heated at 100° for 0*6 hour, 
concentrated under reduced pressure, taken up in ether, and filtered. Addition of ethereal hydrogen^ 
chloride precipitated an oil which readily crystallised (820 mg. ; 55%). Recrystallisation from" 

ethanol-ether gave a-amino-y-henzylthio-n-hutyronitrile hydrochloride in rosettes of hair-like needles, 
m. p. 134—135° (Found : C, 64*45; H, 6-4. C^HigNjClS requires C, 54*4; H, 6*2%). j8-Benzylthio-w- 
butaldehyde (10 g.), hydrogen cyanide (10 c.c.), and potassium cyanide (100 mg.) were mixed. A violent 
reaction ensued and the mixture was then treated as above with 10% alcoholic ammonia (5 c.c.) and left 
overnight. a-Amino-y-benzylthio-n-valeronitrile hydrochloride crystallised (9 g. ; 68%) and after 

rccrystallisation from ethanol-ether formed slender needles, m. p. 159° (decomp.) (Found : C, 55*7 ; H, 
6*7; N, 11*0; S, 12*6. CiaHi^NjClS requires C, 56-1; H, 6*V; N, 10*9; S, 12*5%). jS-Benzylthioi^o- 
valeraldehyde (2*9 g.) and hydrogen cyanide (1 c.c.) were treated as above. a-Amino-y-benzylthio-y- 
methyl-n-valeronitrile hydrochloride recrystallised from ethanol-ether in triangular plates, m. p. 156 — 157° 
(1*0 g.; 27%) (Found: C, 67-4; H, 7-3; N, 9-9. CwH^NjClS requires C, 67-6 ; H, 7*1; N, 10*36%). 

P-Benzylthio-«-butaldehyde (16 g.), potassium acetate (16 g.), hydroxylamine hydrochloride (5*6 g.), 
and ethanol (100 c.c.) were refluxed for 30 minutes, left over-night, and the oxime precipitated by adding 
water. A portion of the oily oxime (6 g.) in moist ether (150 c.c.) was reduced by refluxing with 
amalgamated aluminium (4 g.) overnight. The solution was filtered and the alumina washed with 
further ether. The filtrate was washed, dried, concentrated, and distilled. The fraction, b. p. 85 — 96°/0*l 
mm., was redistilled to give y-benzylthio^n-butylamine as a colourless oil (2 g.), b. p. 90 — 92°/0*l ram., 
1*6646 (Found : C, 67-3; H, 9-0; N, 7*2. CnH^NS requires C, 67*6; H, 8*8; N, 7*2%). The 
hydrochloride, prepared with ethereal hydrogen chloride, recrystallised from ethanol-ether in rhombic 
plates, m. p. 123° (Found : C, 67*1 ; H, 7*9; N, 6*4. CuHj.NClS requires C, 57*0; H, 7-9; N, 6*0%). 

j8-Benzylthio-j3-methyl-«-butaldehyde (6 g.), potassium acetate (6 g.), hydroxylamine hydrochloride 
(2 g.), and ethanol (40 c.c.) were treated as before and the product reduced with aluminium amalgam 
(4 g.). The fraction, b. p. 160— 166°/15 mm., was redistilled to give y-benzylthio-y-methyUvL-buiylamine as 
a colourless oil (25%), b. p. 102—10470*1 mm., 1-5521 (Found : C, 69-0 ; H, 8*7 ; N, 6*1. C^HijNS 
requires C, 68*8; H, 9*2; N, 6*7). The hydrochloride recrystallised from ethanol-ether, m. p. 167° 
(Found; C, 68*7; H, 8*0; N, 6*8. C„HaoNClS requires C, 68*6 ; H, 8*2; N, 5*7%). 

/5-Methylthiopropaldehyde (6*3 g.), anhydrous hydrogen cyanide (6 c.c.), and potassium cyanide 
(100 mg.) were mixed; a vigorous reaction took place. The excess of hydrogen cyanide was removed 
under reduced pressure and the residue sealed up with 10% ethanolic ammonia (40 c.c.), heated to 80° 
for two hours, and left overnight. Ethanol and ammonia were removed under reduced pressure, water 
and chloroform were added, and basic fraction was isolated in the chloroform. After removal of the 
solvent, the residue was taken up in ethanol and ethanolic anhydrous oxalic acid was added. A vvrhite 
solid was precipitated (6*9 g. ; 66%). Recrystallisation from ethanol gave a-amino-y-methylthio-xxr 
butyronitrile oxalate in colourless laths, m. p. 200° (decomp.) (Found: C. 41*3; N, 6*6; N, 16*3. 
C6HipNj|S,iC2HjO|.requiresC, 41*1; H, 6*3; N, 16*0%). ^-Ethylthiopropaldehyde (10 g.), hydrogen 
cyanide (10 c.c.), and potassium cyanide (ca, 100 mg.) were treated as above. a-Amino-y-ethylthio- 
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n^iUyronitfile oxalate recrystallised from ethanol in colourless laths, m. p. 230^ (decomp,) (3*5 g«) 
(Found: C, 42*2<; H, 7*1; N, 14*6. C,HjaNj|S,lCj,Ha 04 ,iH ,0 requires C, 42-4; H. 7*1; N, 14*1%). 

u-Amino-y-methylthio-w-butyronitrile, from the oxalate (2*6 g.), whs refluxed with concentrated 
hydrochloric acid (10 c.c.) for 1 J hours. The solution was evaporated to dryness under reduced pressure, 
basifled with concentrated aqueous ammonia, and re-evaporated. The residue was dissolved in warm 
water (20 c.c.), charcoaled, and diluted with ethanol (60 c.c.). Methionine crystallised in glistening, 
plates (1*1 g.. 62%), and after recrystalUsation from water-ethanol had m. p. 276® (decomp.) (Found : 
C, 40*3; H, 7*6; N, 9*4. Calc, for CsHiiOjNS : C, 40*3; H, 7*4; N, 9*4%). a-Amino-y-ethylthio-n- 
butyronitrile oxalate (1 g.) was refluxed with concentrated hydrochloric acid (5 c.c.) for 2 hours and 
evaporated to dryness under reduced pressure. The residue was basifled with concentrated aqueous 
ammonia, re-evaporated, dissolved in the minimum quantity of boiUng water, and left to crystallise. 
Ethionine crystallised (400 mg., 46%), and recrystallised from water-ethanol in colourless plates, m. p. 
266® (decomp.) (Found : C, 44*4; H, 8*1; N, 8*9, Calc, for C.HiaO.NS : C, 44*2 ; H, 8*0; N, 8*6%1. 

a-Amino-y-methylthio-n-butyronitrile oxalate (1 g.) was converted into the free base and extracted 
into chloroform. The solution was concentrated and the residue refluxed in 60% ethanolic carbon 
disulphide (5 c.c.) for 2 hours. Concentration of the solution and addition of ether left a yellow solid 
(47%). Recrystallisation from acetone-water gave S-p-methylthioethyldithiohydantoin in sheaves of 
yellow hair-like needles, m. p. 212® (decomp.) (Found : C, 34*3; H, 4*4; N, 13*8; S, 47*8. CeHioNgS* 
requires C, 34*9; H, 4*9; N, 13*6; S, 46*6%). The compound was soluble in aqueous sodium 
hydroxide, but the resulting solution failed to give a coloration with aqueous glyoxal. Repetition of 
the above reaction in the presence of benzaldehyde (0*5 c.c.) gave ^‘benzylideneamino-2‘mercapto-4t-p* 
methylthioethylthiazole (95 mg.) which recrystallised from ethanol in yellow needles, m. p. 200® (decomp.) 
(Found : C, 53*2; H, 6*0; N, 9*8. C^HjiN^Sa requires C, 53*0; H, 4*8; N, 9*6%). It gave a red 
coloration on warming with alkali and glyoxal. a-Amino-y-ethylthio-n-butyronitrile, from the oxalate 
(1 g.), was refluxed with 60% ethanolic carbon disulphide (6 c.c.) and treated as above. 
h-^-Ethylihioeihyldithiohydantoin (40%) recrystallised from ethanol in fine yellow hairs, m. p. 196 — 197® 
(decomp.) (Found : C, 37*2; H, 5*2; N, 12*4. C,Hi 2 NaS 3 requires C, 38*2 ; H, 6*5; N, 12*7%). 

6-j8-Methylthioethyldithidhydantoin (430. mg.) was refluxed with a 1 : 1 mixture of acetic and 
concentrated hydrochloric acids (10 c.c.) for two hours and the solution was concentrated under reduced 
pressure. The solution was made alkaline with ammonia and again evaporated under reduced pressure, 
taken up in water (5 c.c.), filtered, and diluted with etlianol (15 c.c.). Methionine s^arated in glistening 
plates, m. p. 270® (decomp.) (76 mg., 25%), on standing overnight. A similar hydrolysis of 
6-benz5dideneamino-2-mercapto-4-j8-methylthioethylthiazole (190 mg.) gave methionine in plates, 
m. p. 271® (decomp.) (25 mg. ; 26%). 

a-Amino-y-benzylthio-w-butyronitrile hydrochloride (860 mg.) and 47% aqueous hydrobromic acid 
(17*6 c.c.) were heated to 100® for 3J hours with frequent shalang, and the solution evaporated under 
reduced pressure. The residue was taken up in water, charcoaled, and neutralised with 2N-ammonia. 
A flocculent precipitate of S-benzylhomocysteine (o-amino-y-benzylthio-w-butyric acid) was obtained 
(450 mg. ; 60%), m. p. 190 — 191®. The m. p. was undepressed on admixture with authentic material. 
tt-Amino-y-benzylthio-n-valeronitrile hydrochloride (267 mg.) and concentrated hydrochloric acid (3 
c.c.) were heated in a sealed tube at 100® for 16 hours. The product was worked up as above. 
a-Amino-y~benzylthio-n-valeric acid (110 mg.) recrystallised from 50% methanol in small plates, m. p. 
215—216® (decomp.) (Found : C, 60*0; H, 7*4; N, 5*5. Ci^Hi^O^NS requires C, 60*2; H, 7*16; N, 
6*9%). a-Amino-y-benzylthio-y-methyl-n-valeronitiile hydrochloride (3*8 g.) was added to aqueous 
sodium hydrogen carbonate, the free base was extracted into ether, the extract was dried and then 
concentrated under reduced pressure, and the residual oil was refluxed with 60% ethanol-carbon 
disulphide (20 c.c.) for 3 hours. After concentration under reduced pressure, the solid was filtered off 
and washed with a little cold ethanol. Further product was obtained by treating the mother liquors 
with ether (3*1 g. ; 70%). ^Amino^2*‘mefcaptO’4r-p~benzylthio\sobutylthiazole recrystallised from ethanol- 
water in pale yellow rhombic plates, m. p. 237® (Found : C, 63*9 ; H, 6*5 ; N, 9*2 ; S, 30*6. CwHigNjSa 
requires C, 64*2; H, 6*8; N, 9*0; S, 31*0%).^ Addition of 50% aqueous glyoxal to a solution of the 
thiazole in 2N-sodium hydroxide gave a red coloration, and after acidification, the bisazomethine 
derivative was precipitated; it recrystallised from p^dine-water in fine red hairs, m. p, 238® [Found : 
C, 56*3 ; H, 5*6 ; N, 9*0. (CisHitNjSj)* requires C, 66*1 ; H, 5*4 ; N. 8*7%]. The thiazole (6 g.) was 
refluxed in 50% acetic acid-concentrated hydrochloric acid (40 c.c.) for 2 hours, the solution concentrated 
under reduced pressure, and the residue taken up in water, filtered, and neutralised with 2N-ammonia. 
a- A mino-y-henzylthio-y-methyUn-valeric acid separated as a flocculent buff precipitate which recrystallised 
from hot water in colourless plates, m. p. 178® (2*4 g. ; 69%) (Found: C, 61*2; H, 7*4; N, 6*6. 
CiaHigO^NS requires C, 61*6 ; H, 7^6 ; N, 6*6%). The product gave a strong ninhydrin reaction. 

The preceding S-benzyl compound (2*4 g.) in liquid ammonia (40 c.c.) was stirred and reduced with 
sodium (ca, 0*6 g.) added in small pieces until a permanent blue colour was obtained. Ammonium 
chloride (2 g.) was added and the solution evaporated to dryness and evacuated on a water pump to 
remove remaining traces of ammonia. Ethereal hydrogen chloride was added, the solution was filtered, 
and the residue thoroughly extracted with ethanol. The extract was concentrated under reduced 
pressure, the residue extracted with chlorofonq, and the extract reconcentrated. The residual oil 
solidified under dry ether (1*4 g, ; 73%). Recrystallisation from ethanol-ether gave micro-prisms of 
a-amino-y-fnercapto-y-methyl~n-valeric acid, m, p. 219®, (decomp.) (F6und : C, 39*4; H, 6*8; N, 7*3; Cl, 
18*4; 8,16*6. C.HuOgNClS requires C, 36*07 ; H,7*0; N.7 0; Cl. 17*8; 8,16*0%). The product gave 
a strong transient purple colour with alkaline nitroprusside, a weak red-brown ferric chloride colour after 
addition of aqueous sodium hydrogen carbonate, and a deep red^brown coloration with ninhydrin 
reagent. 

a-Amino-y-benzyithio-y-methyl-w-valeronitrile (1 g.) was refiuxed with 60% acetic acid-concentmted 
hydrochloric acid (10 c.c.) for 2 hours. The solution was concentrated imder reduced pressure, and the 
residue dissolved in water, filtered, and neutralised with 2N-ammonia. The crystalline solid which 
separated was a-amino-y-benzylthid-y-methyl-«-valeric acid, m. p. 176® (110 mg. or 12%). 
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a-Amino-y-mercapto-y-methyl-w-valeric acid as its hydrochloride (260 mg.)» benzaldehyde (1 c.c.), 
and meriianolic hydrogen chloride (2 c.c.) were heated on the steam-bath for 16 minutes; cooled, and the 
product was extracted with ether. The residual solid was dissolved in water and the solution neutralised 
with 2N-ammonia. The oil which separated crystallised on scratching and was recrystallised from 
aqueous ethanol to give needles of ^-cafhomethoxy-2-phenyl-Q : ^dimethyltkiazan, m. p. 106® (Found : 
C,63*4; H,7-2; K, 6-3. C^HiANS requires C, 63-35; H, 7-2; N, 6-3%). 

Imperial College of Science and Technology, 

London, S.W.7. [Received, January 2Zfd, 1947.] 


^1. Synthetic Antimalarials. Part XXII. Some Quinolylamino- 
svhstituted Pyrimidine Derivatives. 

'Ey F. H. S. Curd, W. Graham, (Miss) D. N. Richardson, and F. L. Rose. 

By adapting the methods of preparation utilised for the corresponding anilino-compounds 
(see earlier papers in this series), series of 2-quinolylamino-4-di^kylaminoalkylamino- and 
4-quinolylamino-2-dialkylaminoalkylamino-6-methylpyrimidines have been prepared. Where- 
as some of the former show activity against P. gallinaceum in chicks, the latter are all devoid of 
activity. Possible explanations for these observations are discussed. 


The preparation of derivatives of 8-chloro-3 : 4 : 2' : 3'-pyridoacridine (I ; R = H, R' == dialkyl- 
aminoalkyl), possessing considerable antimalarial activity against P. gallinaceum in chicks, has 
recently been reported by Dobson and Kermack (/., 1946, 150). Such compounds may be 
considered as related to the mepacrine type of antimalarial (IT), the 3-methoxy-group of the 
latter being replaced by the heterocyclic atom of the pyrido-ring. Reference to the structure 
(III) of the active 2-^-substituted anilino- 4-dialky lami noalky lamino-G-methylpyrimidines, 
described in Parts I and II (/., 1946, 343, 361) showed that a related modification was possible 
with respect to the substituent R giving rise to quinoline derivatives of type (IV). Further 
incentive to the preparation of such compounds was provided by the known activity of (III ; 
R = NMej, R' = [CHJa'NEta) which suggested.. that activity might be encountered if the 
dimethyl amino-group was replaced by the basic nitrogen atom of a fused heterocyclic ring. 
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6-Aminoquinoline was therefore condensed with 4-hydroxy-2-methylthio-C-methylpyrimidine 
in boiling 2-ethoxyethanol solution to give 2-{(j^-quinolylamino)‘^‘hydroxy‘^~methylpyrimidine 
(V; R = 6-quinolyl), which was converted smoothly into 4:~chloro-2~(Q' -quinolylamino) -Q-methy I- 
pyrimidine (VI; R = 6-quinolyl) by treatment with phosphoryl chloride. Condensation of 
this chloropyrimidine with p-diethylaminoethylamine, y-diethylaminopropylamine, y-dimethyl- 
aminopropylamine, S-diethylaminobutylamine and 3-diethylamino-a-methylbutylamine then 
gave a series of 2-(6'-quinolylamino)-4-dialkylaminoalkylamino-6-methylpyrimidines (IV; 
R = R' == H, R" = [CHaJo-NEta, [CHalj-NEta, [CHala-NMeg, [CHal^-NKta. and 
CHMe-[CH2]8*NEt2). 

By a similar series of reactions using 6-aminoquinaldine in place of 6-aminoquinoline in the 
initial condensation with 4-hydroxy-2-methylthio-6-methylpyrimidine there were prepared, by 
way of (V; R = 6-quinaldyl) and (VI; R = 6-quinaldyl), 2-{<^'-quinaldylamino)A-^-diethyU 
aminoethylamino-^-meihylpyrimidine (IV ; R = Me, R' = H, R" ~ [CHgla’NEtj) and the 
corresponding Ary-diethylaminopfopylamino-denvdMvQ (IV ; R = Me, R' = H, R" == 
[CHJa-NEta). 

All the above compounds showed some antimalarial activity when tested against P. 
gallinaceum in chicks (see table of activities) and it therefore became necessary to investigate the 
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effect of variations in the quinoline residue. Thus, the introduction of a substituent into the 
8-position of the quinoline residue was indicated by the work of Hutchison and Kermack (this 
vol. p. 678) who were able to increase the activity of 8-chloro-6-y-diethylaminopropylamino- 
8:4:2': 3'-pyridoacridine (I ; R = H, R' *= [CHjla’NEtg) by substitution in the analogous 
position to give, for example, 2 : 8-dichloro- (I ; R = Cl, R' = [CH Js'NEta) and 8-chloro- 
2-methyl-6-)/-diethylaminopropylamino-3 : 4 : 2' : 3'-pyridoacridine (I ; R = Me, R' = 
[CHaJa'NEta). It also seemed desirable to investigate the effect of changing the orientation of 
the quinoline residue. The aiitimalarial activity of type (III) and related compounds appeared 
to be dependent on the presence of a substituent (Cl, NOg, CN, etc.) in the benzene ring in the 
^-position to the imino-linkage. This substituent may be regarded as retained in type (IV) but 
this is not the case in the analogous 6- and 8-quinolyl derivatives. Utilising S 3 mthetic methods 
analogous to that outlined above for the 6-quinolyl derivatives of type (IV) a further series of 
compounds was therefore prepared which included the following 4-p-diethylaminoethylamino-6- 
methylpyrimidines : 2’{5'-quinolylaininoy (VII), 2-(8'-quinolylamino)- (VIII; R = R' = H) 
{dihydrochloride), 2-(8'-methoxy-6'-quinolylamino)- (IV; R = H, R' = OMe, R" = 
[CH 2 ] 2 'NEt 2 ) (dihydrochloride), and 2-(6'-methoxy-8'-quinolylamino)- (VIII; R = OMe, 
R' = H) (dihydrochloride). The last named compound was considered to be of particular 
interest since it combines the 8-amino- 6-methoxyquinoline nucleus found in pamaquin with 
essential features of the pyrimidine t 3 rpe of antimalarial (III). 


Et,N‘[CHJ,*NH 



EtjN-[CHJa*NH R 

if'f /V 


(VIII.) 


u 



All the compounds of this further series were without antimalarial activity at the maximum 
tolerated doses. This result was particularly surprising in the case of 2-(8'-methoxy-6'- 
quinolylamino)-4-p-diethylaminoethylamino-6-methylpyrimidine (IV ; R = H, R' = OMe, 
R" == [CH 2 ] 2 *NEt 2 ) since this substance is a derivative of the active compound (IV; 
R = R' = H, R" = [CHgla’NEtg). However, it may also be regarded as a 3' : 4' : 6'-trisub- 
stituted anilinopyrimidine analogous to (HI), and it is known that the introduction of one 
additional substituent into a m-position of the active 2-^-substituted anilino-4-dialkylamino- 
alkylamino-6-methylpyrimidines of type (III) produces a dystherapeutic effect (Curd, Davis, 
and Rose, /., 1946, 351) although the effect of trisubstitution has not been investigated in this 
series. The inactivity of (VIII ; R = R' = H) may be connected with the fact that it bears 
the same relationship to the active compounds of type (III) as the inactive 1:2:2': 3'-pyrido- 
acridines (XI ; R = dialkylaminoalkyl) described by Dobson and Kermack (loc, cit.) bear to 
mepacrine : in neither case does the added heterocyclic nucleus replace the important grouping 
removed but is fused into two neighbouring positions. Further, (VIII ; R = R' = H) is 
isosteric with the inactive 2-a-naphthylamino-4-3-diethylaminoethylamino-6-methylpyrimidine 
(IX; R = H) described in Part V (/., 1946, 366). Introduction of a chlorine atom into the > 
latter in the ^-position to the imino-linkage to give 2-(4'-chloro-a-naphthylamino)-4-p-diethyl- 
aminoethylamino-6-methylpyrimidine {IX ; R == Cl) largely restored activity, but an attempt 
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to prepare the analogous quinoline compound, 2-(5'-bromo-8'-quinolylamino)-4-p-diethylamino- 
ethylamino-6-methylpyrimidine (VIII ; R = H, R' = Br) was unsuccessful. It was found that 
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the bromine atom in 6-bromo-8-aminoquinoline was somewhat labile, and when the 
bromo-compound was heated with 4-hydroxy-2-methylthio-6-methylpyrimidine in 2-ethoxy- 
ethanol at 140®, hydrobromic acid, resulting from its decomposition, brought about hydrolysis of 
the pyrimidine intermediate to 4-methyluracil. 

This investigation has also been concerned with the preparation of 2-dialkylaminoalkylamino- 
4-(quinolylamino)-6-methylpyrimidines of types (XII) and (XIII) in which the quinolylamino- 
substituent and the dialkylaminoalkylamino-side chain have been interchanged. 4-Chloro-2-p- 
diethylaminoethylamino-6-methylpyrimidine (VI; R = [CHJg-NEta) (Curd et al, J., 1946, 373) 
was condensed with 6-aminoquinoline by heating it at 140® to give 4-(6'-3'wwo/y/awmo)-2-p- 
diethylaminoethylamino-^-methylpyyimidine (XII; R = H) and with 8-aminoquinoline to give 
4-(8'-quinolylamino)-2-p-diethylaminoethylamino-6-methylpyrimidine (XIII; R = H). Re- 
actions of this type were also effected by boiling in dilute hydrochloric acid. In this way 
6-amino- 8-methoxyquinoline gave 4,- (^'•methoxy-^'-quinoly laminoy2-‘^-diethylaminoethy lamina- 
Q~methylpyrimidine (XII; R = OMe) and 5-bromo-8-aminoqiimoline afforded 4-(5'-6r<?mc?-8'- 
quinolylaminoy2-^-diethylaminoethylamino-^-methylpyrimidine (XIII; R =s Br). 

These compounds, like those of the previous series, were without antimalarial activity 
against P. gallinaceum in chicks. The contrast between the inactivity of 4-(6'-quinolylamino)-2- 
P-diethylaminoethylamino-6-methylpyrimidine (XII ; R = H) and the activity of the isomeric 
2-(6'-quinolylamino)-4-p-diethylaminoethylamino-6-methylpyrimidine (IV ; R == R' = H, 
R'' = [CHJg-NEta), finds an analogy in the corresponding naphthylami no-derivatives. Thus 
4- (6'-bromo-p-naphthylamino) -2-p-diethylaminoethylamino-6-methylpyrimidine and related 
compounds show little or no activity (Part VI, 1946, 370), whereas the isomeric 2-(6'-bromo-fi- 
naphthylamino)-4-p-diethylaminoethylamino-6-methylpyrimidine is highly active (Curd et «/., 

1946, 366). 

Table I. 


A ntimalarial A ctivilics. 


The antimalarial tests were carried out, as in previous investigations of this series, by our colleague 
Dr. D. G. Davey using P. gallinaceum in chicks (cf. Curd, Davey, and Rose, Ann. Trap. Med. Farasit., 
1946, 39> 139; Davey, ibid., 1946, 40, 62). The results are expressed in the same way as in previous 
papers of this series. 


(a) -Quinolylaminoy and 2-i^'-quinaldylaminoy^-dialkylaminoalkylam.ino-^-mcthylpyYimidines. 


Ref. No. 

2-position, 

4-position. 

Dose 

mg./kg. 

Activity. 

3749 

Quinolyl 

NH-[CH2]2-NEt2 

120 

+ + 



80 

H- 

3707 

Quinolyl 

NH-[CH2]3*NEt2 

160 

+ 


80 





40 


3836 

Quinolyl 

NH*[CH2]3'NMe2 

160 

“f 


80 

-i- 

3878 

Quinolyl 

NH-[CH2]4-NEt2 

120 

4 * 

3864 

Quinolyl 

NH-CHMe*[CH2]3-NEt2 

120 

± 



80 

— 

3760 

Quinaldyl 

NH-CCHjla-NEta 

80 




40 

— 

3692 

Quinaldyl 

NH*[CH2]3-NEt2 

120 

+ 4 * 



80 

+ 


(b) 2- (Quinolylamino) ~4t-p-diethylaminoethylamino-^-methylpynmidines. 


Ref. No. 

Substituent at 2. 

Dose, mg./kg. 

Activity. 

5186 

6'-Quinolyl 

80 

— 

5187 

8'-Quinolyl 

80 

— 

5188 

6'-Methoxy-8'-quinolyl 

320 

— 


240 

— 

6719 

8'-Methoxy-6'-quinolyl 

160 

— 


(c) 4-(Quinolylaminoy2-P-diethylaminoelhylamino-^methylpyrimidines. 
Ref. No. Substituent at 4. Dose, mg./kg. Activity. 


6398 6'-Quinolyl 160 

6399 S^-Quinolyl 160 

6720 8'-Methoxy-6'-quiaolyl 160 

6721 6'-Bromo-8'-qumolyl 160 


Some of the compounds were also tested for prophylactic action against P. gallinaceum in chicks by 
the method described by Davey (Ann. Trap. Med. Parasit., 1946, 40, 453); 6719, 5720, 6721, and 
6398 at 160 mg./kg„ 6188 at 240 mg./kg., and 5187 at 80 mg./kg., but all proved to be inactive. 
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The following points may be noted in connection with the preparation of the 
requisite quinoline intermediates. 5- and 8-Nitroquinolmes, prepared from quinoline in 85% 
total yield by a method using fuming nitric acid and 20% oleum in place of the 40% oleum us^ 
by Meigen (/. pr. Chem., 1908, 77, 472) and 65% oleum by Fieser and Hershberg (/. Amer, Chem, 
Soc., 1940, 62, 1643), were reduced to the corresponding aminoquinolines with iron dust in dilute 
acetk acid (Dikshoom, Rcc, Trav. chim,, 1929, 48, 153). 6-Nitro-8-methoxyquinoline was 
prepared by a modified Skraup reaction (cf. E.P. 394,416) using arsenic acid as oxidising agent. 
When sodium w-nitrobenzenesulphonate was used as oxidising agent the only product obtained 
was a yellow crystalline substance, presumed to be the 4-nitro-2-methoxyanil of p-4'-nitro-2'- 
methoxyanilinopropaldehyde (Xa), or the cyclic analogue 4-(4'-nitro-2'-methoxyanilino)-6- 
nitro-8-methoxy-l : 2 : 3 : 4-tetrahydroquinoline (X5), probable intermediates in the Skraup 
synthesis. Reduction of 6-nitro- to 6-amino- 8-methoxyquinoline by means of stannous 
chloride (Foumeau et al., Ann. Inst. Pasteur, 1930, 44, 748) was not very satisfactory, and so 
attempts were made to increase the yield by reduction with iron dust and dilute acetic acid, iron 
dust and hydrochloric acid, or Raney nickel and hydrogen at 80 atmospheres and at 30 
atmospheres. The best yield (50%) was obtained using the last named conditions. 

Experimental. 

2-{^'-QmnoIylamino)-4:-hydroxy-‘Q-fnethylpyrimidine (V ; R — 6-qumolyl). — 4-Hydroxy- 2-methylthio- 
6-methylpyrimidine (33-2 g.) (Wheeler and Merriam, Amer. Chem. /., 1903, 29, 478), 6-aminoquinoline 
(72 g.), and 2-ethoxyethanol (76 c.c.) were refluxed for 48 hours with stirring. Methylthiol was evolved. 
After cooling, the product was filtered off, washed well with hot alcohol, and dried (3deld, 35 g.), m. p. 
266 — 288°. The m. p. was unchanged by crystallisation from butanol from which the substance separated 
as colourless thick prisms (Found : C, 66*6 ; H, 4*7. C14H12ON4 requires C, 66*7 ; H, 4*8%). 

2’-{Q'-Quinaldylamino)-4-hydroxy-^~meth^lpyrimidine (V ; R = 6-quinaldyl). — Prepared in an exactly 
similar manner using 6-aminoquinaldine in place o^ 6-aminoquinoliue, the compound separated from 
2-ethoxyethanol in clusters of small colourless needles, m. p. 284° (Found : C, 67*4 ; H, 6*3 ; N, 20*4. 
C16HJ4ON4 requires C, 67*7 ; H, 6*3 ; N, 21*05%). 

4-Chloro-2-{Q'-quinolylamino)-6~methylpyrimidine (VI; R = 6-qumolyl). — The corresponding 
hydroxy-compound (28 g.) and phosphoryl chloride (96 c.c.) were refluxed for 4 hours. The excess of 
phosphoryl chloride was then removed under reduced pressure and the residue treated with a small 
amount of crushed ice. The solid product was filtered off, dLssolved in hot water (150 c.c.) with 
hydrochloric acid (12*5 c.c.), and the resulting solution treated with decolorising carbon and filtered. 
The filtrate was cooled and hydrochloric acid (22*5 c.c.) added. The precipitated hydrochloride was 
filtered off, drained well, and dissolved in warm water (250 c.c.). Gradual addition of ammonia to the 
cooled solution precipitated the base, which was filtered off, dried in a vacuum, and crystallised from 
alcohol. It formed colourless prisms, m. p. 183 — 185" (Found : N, 20*6; Cl, 12*7. Ci4HiiN4Cl requires 
N, 20*7; Cl, 13*1%). 

4- Chloro-2-{(i^-quinaldylamino)-6-meihylpyrimidine (VI; R =r 6-quinaldyl), prepared in an analogous 
manner from 2-(6'-quinaldylamino)-4-hydroxy-6-methylpyrimidine (33*25 g.) and phosphoryl chloride 
(85 c.c.), crystallised from 2-ethoxyethanoI in colourless prisms, m. p. 235° (Found : N, 19*9; Cl, 12*6. 
C15H13N4CI requires N, 19*85; Cl, 12*6%). 

5- and S-Nitroquinoline. — ^The method employed was essentially that of Fieser and Plershberg {loc. 
cit.). Quinoline sulphate, from quinoline (77*5 g.) and concentrated sulphuric acid (36 c.c.), dissolved 
in 20% oleum (210 g.), was nitrated with nitric acid {d 1*5; 105 g.) giving 6-nitroquinoline (42 g.) and 
S-nitroquinoline (46 g.). 

Q~Niiro‘S-methoxyquinoline. — mixture of 2-amino-5-nitroanisole (100 g.), sulphuric acid (1000 g. of 
70%), glycerol (200 g.), and arsenic acid (333 g. of 80%) was heated to boiling during J hour and then 
refluxed for 4 hours with stirring. The temperature of the boiling mixture dropped from 138° to 133° 
during the course of the reaction. After cooling, the reaction mixture was drowned into water (3 1.), and 
the solution stirred with decolorising carbon and filtered. Addition of sodium hydroxide solution to the 
filtrate precipitated 6-nitro-8-methoxyquinoline which was filtered off, washed with water, and 
crystallised from alcohol, m. p. 149 — 150° (yield, 82*5 g.). By recrystallisation from acetone the m. p. 
was raised to 152 — 153°. Foumeau et al. \loc. cit.) give m. p. 149°. In an experiment using sodium 
m-nitrobenzenesulphonate as oxidising agent the only material isolated was a substance crystallising 
from alcohol in yellow needles, m. p. 126 — 127°* This was presumed to be (Xa) or (X6) (Found : C, 
54*5; H, 4*2; N, 15*0. CxTHigO^N* requires C, 64*5; H, 4*8; N, 16*0%). 

^•‘Amino’^-methoxy quinoline. — 6-Nitro-8-methoxyquinoline (12 g.) dissolved in alcohol (600 c.c.) was 
hydrogenated in presence of Raney nickel (8 c.c. of sludge) in the cold at 30 atmospheres. After remo\^ 
of the catalyst and on slight concentration of the sdcohol solution a yellow solid separated which 
crystallised from alcohol-chloroform in yellow needles, m. p. ca. 360° (Found : C, 68*7; H, 4*3; N, 
16*6%). Evaporation of the alcohol solution to dryness gave a dark red gummy solid from which, after 
several crystallisations from ethyl acetate, there was 6btained fl-amino-S-methoxyquinoUne (yield, 4*6 g.) 
as yellow laminae, m. p. 167 — 169°. Foumeau et al. {loc. cit.) give m. jp. 168°. 

2-{S'-Quinolylamino)-4-hydroxy-6-methylpyrimidine (V; R i=s 8-quinolyl). — 8-Andnoquinoline (34 g.), 
4-hydroxy-2-methylthio-6-methylpyrimidine (34 g.), and 2-ethoxyethanol (40 c.cj were heated 
together in an oil-bath at 136 — 146° for 70 hours. The mixture was then extracted several times with 
boiling alcohol leaving undissolved 2~{B'-quinolylamino)-4fhydroxy-^'-methylpyrimtdine (yield, 32*8 g.), 
m. p. 263—265°, unchanged after recrystallisatipn from 2-ethoxyethanol from which it separated m 
colourless prisms (Found : C, 66*6; H, 4*8. C^gHijONg requires C, 66*7; H, 4*8%). 
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2-{6'->Quinolylamino)-4rhydroxy-6‘meihylpyrimidine (V; R = 5-quinolyl). — Prepared in the same way 
from 6-ammoquinoline (10 g.) and 4-hydroxy-2-methylthio-6-methylpyrimidine (10 g.) in 2-cthoxyethanol 
(11-4 c,c,), this substance formed a fine white powder (yield, 8-1 g.). .m. p, 286 — 290“, which could not be 
crystallised. 

2-'{^'-‘Methoxy^S*'~quinolylctininoy^-hydroxy-6~inethylpyrimtdine (V; R = 6-methoxy-8-quinoIyl), 
similarly obtained from 8-amino-6-methoxyquinoline (19 g.) and 4-hydroxy-2-methylthio-6~methyl- 
pyrimidine (16 g.) in 2*ethoxyethanol (26 c.c.), on crystallisation from 2-ethoxyethanol formed colourless 
needles (yield, 12-6 g.), m. p. 246—246“ (Found : C. 64*2, 64*2; 11, 4*5, 4*7. requires C, 

63*86; H, 6*0%). 

2-{B'‘Methoxy-6'-’quinolylamino)-4:-hydroxy-Q-fnethylpyyimidine (V ; R = 8-mcthoxy-6-quinolyl) was 
obtained in the same manner from 6-amino-8-methoxyqiiinoline (7*9 g.) and 4-hydroxy-2-methylthio-C- 
methylpyrimidine (6*8 g.) by reaction in 2-ethoxyethanol (9 c.c.). It formed a tan-coloured 
microcrystalline powder (yield, 5 g.), m. p. 231 — 235®, from alcohol (Found : C, 62*7: H, 4*7 ; N, 18*2. 
Ci 5 Hi 40,N4, 0*5C,H5-OH requires C, 62*96; H, 6*6; N. 18*35%). 

4- Chloro-2’{S'-quinolylaminoyQ-methylpyrimidine (VI; R = 8-quinolyl). — 2-(8'-Quinolylamino)-4- 
hydroxy-6-methylpyrimidine (6 g.) and freshly distilled phosphoryl chloride (26 c.c.) were heated by 
means of an oil-bath for 4 hours at 126“, Excess of phosphoryl chloride was removed under diminished 
pressure and the residue treated with ice and dissolved in hydrochloric acid. The acid solution was 
filtered, carefully neutralised with ammonia, and the product filtered off, washed with water, and dried 
n a vacuum. It was then extracted thrice with boiling alcohol (200 c.c.) and filtered from insoluble 
material (1*5 g.). Concentration of the alcohol solution gave the chloro pyrimidine which after 
recrystallisation from alcohol formed colourless prisms (yield, 3*4 g.), m. p. 146 — 148“ (Found : C, 62*2 ; 
H, 4*3. Ci4HnN4Cl requires C, 62*1 ; H, 4*1%). 

4:-Chloro-2-{^'-quinolylamino)-’Q-methylpyrimidine (VI ; R — 5-quinolyl). — The corresponding 
hydroxypyrimidine (11*6 g.) and freshly distilled phosphoryl chloride (45 c.c.) were heated at 120° in an 
oil-bath for 4 hours. After removal of the excess of phosphoryl chloride under reduced pressure at 100° 
the residue was treated with ice and dissolved in hydrochloric acid. After filtration, the solution was 
rendered alkaline with ammonia and the precipitated product filtered off, washed with water and dried 
in a vacuum. It crystallised from alcohol as colourless prisms (yield, 9*6 g.), m. p. 198 — 200° (Found : 
C, 62*5; H, 4*2. C14HUN4CI requires C, 62*1 ; H, 4*1%). 

Al- C hloro -methoxy-^* •‘quinolylamino) -^-methylpyrimidine (VI; R = 6-methoxy-8-quinolyl), 
similarly obtained from 2-(6'-methoxy-8'-quinolylamino)-4-hydroxy-6-methylpyrimidine (9*7 g.) and 
phosphoryl chloride (39 c.c.), formed pale yellow prisms from alcohol (yield, 8*7 g.), m. p. 139 — 141° 
(Found : C, 69*7 ; H, 4*2. C,5HiaON4Cl requires C, 59*9 ; H, 4*3%). 

4t- Chloro -2 - (^'-methoxy-^' -quinolylamino) -^-methylpyrimidine (VI ; R = 8-methoxy-6-quinolyl), 
prepared in the same way from the appropriate hydroxypj-rimidine (5*2 g.) and phosphoryl chloride (21 
c.c.), crystallised from benzene as pale yellow prismatic needles (yield, 5 g.), m. p. 213 — 216° (Found : C, 
69*6 ; H, 4*1 ; N, 18*7. C15H13ON4CI requires C, 69*9 ; H, 4*3 ; N, 18*6%). 

Preparation of 2-Quinolylamino-A-dialkylaminoalkylamino-€i-methylpyrimidines. — The 4-chloro-2- 
quinolylamino-6-methylpyrimidine (0*26 g.-mol.) and dialkylaminoalky famine (0*25 X 1*16 — 2 g.-mol.) 
were heated at 126—136“ (oil-bath) for 8 hours with stirring. After cooling, the resulting melt was 
dissolved in warm dilute hydrochloric acid, and the cooled solution basified with sodium hydroxide and 
extracted with chloroform. The chloroform extract was washed wHh water and shaken out several 
times with 6% acetic acid. The combined acid extracts were made alkaline with sodium hydroxide and 
the liberated base was taken into chloroform. After drying (K2CO3) and evaporation of the chloroform 
an oily base remained. This usually solidified on standing, or on trituration with warm light petroleum 
(b. p. 60 — 80°) and was then crystallised from light petroleum (b. p. 100 — 120°). Where the base could 
not be crystallised, it was converted into the dihydrochloridc by dissolving it in 2N-hydrochloric acid and 
evaporation under reduced pressure at as low temperature as possible. The residue was dried and freed 
from adhering acid by repeated evaporation to dryness with alcohol-benzene and then purified by 
crystallisation. Table II details and gives a description of the compounds prepared. 

5- Bromo-S-aminoquinoline . — 8-AminoquinoIinc was converted into its acetyl derivative and 
brominated in acetic acid. Contrary to the report of Claus and Setzer (/. pr. Chem., 1896, 63, 404) it 
was found that the hydrobromide of 6-bromo-8-acetamidoquinoline was dissociated in w^ater. The 
acetyl derivative was hydrolysed to 6-bromo-8-aniinoquinolinc, the hydrochloride of which was likewise 
dissociated in water. After two crystallisations from alcohol, 5-bromo-8-aminoquinoline formed fine 
yellow needles, m. p. 109—110° (Found: C, 48*4; H, 3*5. Calc, for CpH^NgBr : C, 48*4; H, 3*15%). 
Claus and Setzer {loc. cit.) give m. p. 104°. 

Attempted Condensation of 6-Bromo-S-aminoquinoline and 4:-Hy dr OAy-2-methylthio-Q-mcthyJ pyrimidine. 
— The pyrimidine (9*6 g.), 6-bromo-8-aminoquinoline (15 g.), and 2-ethoxyethanol (11 c.c.) were heated 
in an oil-bath at 136 — 145“ for 72 hours. From the dark red mixture the only products isolated were : 
(a) 4-raethyluracil (6 g.), m. p. 312° (efferv.), identified by conversion into 5-bromo-4-methyluracil, 
m. p. 230° (Behrend, Annalen, 1886, 2^, 8), and (b) a water-soluble dark red gum (13 g.) which gave a 

E ositive test for ionised bromine. Ionised bromine was detected after 5-bromo-8-aminoquinoline had 
een heated with 2-ethoxyethanol at 140° for 8 hours, but the bromine in the acetyl derivative showed no 
such lability when heated with j8-diethylaminoethylamine at this temperature. 

^{B'-Quinolylamino)-2-p-diethylaminoethylamino-6-methylpyrimidine (XIII; R — H) .-^-Chloro- 2- 
P-diethylaminoethylamino-O-methylpyrimidine (7*2 g.) (Curd et al., /., 1946, 373) and 8-aminoquinoline 
(6*4 g. 1*26 mol.) were heated in an oil-bath for 8 hours at 140°. The mixture was dissolved in dilute 
hydrochloric acid, the solution basified with sodium hydroxide, and extracted with chloroform. The 
chloroform extract was washed with water and then extracted several times with 5% acetic acid. The 
total acid extract was made alkaUne with sodium hydroxide and the precipitated oil extracted with 
chloroform. The extract, after being washed and dried, was evaporated to dryness, giving the base as a 
red oil (7 g.) which could hot be crystallised. This was dissolved in dilute hydrochloric acid and the 
solution evaporated to dryness under reduced pressure followed by repeated evaporation with alcohol- 



1618 


Synthetic Antifnalarials. Part XXII. 


73' 

a 


■S 

5 




, ©CD O W .*7'«p eo 

jz; w A M n 

M <N <M W <M Sfl e<l y <M (-• 


W t^i>i^i>clbi>t^t^ 


© 

CO CD 


^ CD CD QC CO QC CD CD 
cj<»i>*>©o©d>co i>w 
^ ®co©©r*©©© 


. 0'^CDCD*^<7II>© 

cj obt*'-r^©©©©ob 

CD©©©t>©©© 


o 

•9 

rrj 

»D 

© 


ucjoaouou 


CO 

e« M 

23 SC! 

lO to 

C^l -H 

DD 

XX 


pl, 52; ;z; ;z; 


e» N 

XX 

o o 

C) M 

ou 


o 


© 

o 

ID 


00 CD CO M Xft © CD © .yy ^ 
tz CO M M 2^ <N CO pj 


. 

^©Qp01©©iD©'^ *> 5? 


t- ?o CO 

I - CO CO o cb 

^ »0 ‘D LO 


u 

X 

X 

o 


o 

M 

X 

»D 

CO 

D 

a 

£ 

!h; 

o 


X X 

^ v<4 

•M C9 

U U 


3 'S 


K 

< 

H 




0 

1 
•S 

o 


© *^So (M CO -H PH 
CN O W CO CO HH 

H«( © PH pH pH — ■ 

J< ci CO © <i> cl d 


©o 

© 

01 (M 


Oi © © I 


. w «, J © 

■( <N CO CO pH 


00 1'^ 
10 © 
01 oi 


Sna 

I? 

2 

ro Si 


c» 

© 

01 


i 


01 

01 


•43 


U3 ■ 

- ? 

C3 MOT-?* «»'“« M « «• 
S 4J o HJ ^ ^ 

•2 ww^wWwww 

•53 

^ffiWWIUSKtCffi 

^ H,5i^.5igy:yv. 


s?;;z;;2i;z;;z;;i?;;zi;zi 


‘c3 or' 

2 ic* 

a o 

-M d - •> 

ee *3 ** ’' 

a 

CD 


TJ >> 

*3 *3 
.; : c ; a 
‘3 '3 
O? O? 
ko 


5 « S 0-3 S2 

SiJ 5’SS|" 

y IliiS 

.fi.lini? 

■ 1111111^5 



- • JS • 

©22 

■S 

s CD ^ 

c« OS’S 

GO CD ob 



1619 


[1947] 


Reactions of Benzthiazole Derivatives. Part V. 


benzene. The remaining dihydrochlotide crystallised from alcohol as colourless needles, m. p. 249—251® 
(Found: C, 64-0, 54*2; H, 6*9, 6*9; N. 19-5, 19-4. C2oH2eNg,2HCl,H20 requires C, 54-4; H, 6*8; 
N, 191%). 

4r{6'-Quinolylamino)~2~p-dieihylaminoethylannno-6-metkylpyrimidine (XII; R = H), obtained in a 
similar manner from 4-chloro-2-^-diethylaminoethylamino-6-methylpyrimidine and 6-aminoquinoline, 
crystallised from benzene-icyij/ohexane in pale tan-coloured prisms, m. p. 160'^ (Found : C, 68-8, 68*7; 

7-3, 7*6: N, 23-8. CjoHjeN* requires C, 68*6; H, 7*4; N, 24*0%). The corresponding irihydro- 
chloride crystallised from alcohol, forming yellow needles, m. p. 258 — 261® (Found : C, 47*2; H, 6-8; N, 
16-6. Cj0H2eNe,3HCl,2-5H2O requires C, 47-6 ; H, 6-7 ; N. 16-65%). 

^-(S'‘Methoxy-Q'-quinolylamino)-2’‘p-diethylaminoethylannno-6-methylpyrimidine (XII; R — OMe). — 
4-Chloro-2-j8-diethylaminocthylamiiio-6-mcthylpyrimidine (2-8 g., 1 mol.), 6-amino-8-methoxyquinoline 
(2 g., 1 mol.), concentrated hydrochloric acid (1*27 c.c., 1-1 mol.), and water (12-7 c.c.) were refluxed for 2 
hours. The clear solution, when cold, was made alkaline with sodium hydroxide and worked up as 
described above for this type of compound, giving 4:-{B'-meihoxy-Q'-quinolylaminoy2-’P-diethylaminoethyl- 
amino-^'-methylpyrimidine (yield, 3-7 g.) which formed pale yellow needles from aqueous methanol, 
m. p. 201—203® (Found : C, 66-3 ; H, 7-2; N, 22-2. requires C, 66-3; H, 7-3; N, 22-1%). 

The trihydrochloride, prepared in the usual manner, crystallised from alcohol in slightly yellow 
hygroscopic needles, m. p. 222—224® (Found : C, 47-4; H, 6-7. C3iH280Ne,3HCl,2-6H20 requires C, 

47-16; H. 6-7%). 

4:-(5''Bromo-S'-quinolylamino)-2-p-dieihylaminoethyla7nino-&‘methylpyrimidine (XIII; R ~ Br). — 
4-Chloro-2-)3-diethylaminoethylamino-6-methylpyrimidine (2-9 g.), 6-bromo-8-aminoquinoline (2-67 g.), 
lON-hydrochloric acid (1-32 c.c.), and water (13-2 c.c.) were boiled. Initially the mixed solids melted, 
and as the oil dissolved a solid began to separate. The mixture was refluxed for 2 hours and then left 
overnight. The 4- (^'-bromo-%'-quinolylamino)-2-P-diethylaminoethylamino-(y-methylpyriifiidine dihydro- 
chloride which separated was collected, dried, and crystallised from alcohol-ethyl acetate forming 
colourless needles (yield, 4-6 g.), m. p. 268 — 270® (Found: C, 47-6; H, 5-3; N, 16-5; Cl, 13-0. 
C2oH26N6Br,2HCl requires C, 47-8 ; H, 5-4 ; N, 1 6-6 ; Cl, 14-1 %). The free base was obtained by working 
up the hydrochloric acid mother liquor in the usual manner and also by treatment of the dihydrochloride 
with sodium hydroxide. It crystallised from light petroleum (b. p. SjO — 100®) as pale yellow rhombs, 
m. p. 133 — 134° (Found : C, 55-6; H, 5-7. CgoHgsNjBr requires C, 55-9; H, 5-8%). 


This research was carried out under a wartime collaborative agreement between the Medical Research 
Council and Imperial Chemical Industries Ltd. The authors desire to express their thanks to Professor 
J. W. Cook, F.R.S., and Dr. T. S, Stevens for their interest in the work. One of us (W. G.) gratefully 
acknowledges the receipt of a grant from the Medical Research Council. 
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322. Reactions of Benzthiazole Derivatives. Part V. Observations on 
the Formation of 2-AcetonyJbenzthiazole.* 

By M. A. Thorold Rogers and W. A. Sexton. 

2 : 2'-Djaminodiphenyl disulphide condenses with ethyl acetoacetate to give 3-keto-2-acetyl- 
2 : Z-dihydrobenzthiazine (IV) and 2-acetonylbenzthiazole (V) (with its derived 2-methyl- 
benzthiazole) in approximately equimolecular proportion. Zinc and acetic acid convert (IV) 
into (V) and sodium hydroxide hydrolyses it to 3-keto-2 : 3-dihydrobenzthiazine (VI). A 
similar series is derived from ethyl benzoylacetate. Mechanisms are suggested. 

The formation of 2-acetonylbenziminazole by condensation of o-phenylenediamine with ethyl 
acetoacetate or by reduction of acetoacet-o-nitroanilide has been demonstrated by one of us 
(Sexton, /., 1942, 303) and its ability to couple with diazonium salts prompted us to investigate 
the analogous benzthiazole derivative (V). 

2 : 2'-Uinitrodiphenyl disulphide wa,s reduced by iron in alcohol to the diamine, this method 
giving, in contrast to those hitherto recorded, satisfactory yields of pure material with little 
trouble. Condensation with ethyl acetoacetate in chlorobenzene gave three products, 2- 
acetonylbenzthiazole (V) (26*7%), 2-methylbenzthiazole (VII) (21 •(>%), and Z-keio-2-aceiyl- 

* The numbering of the benzthiazole system (A) here follows what is now the usual practice. In 


2 

(A.) (B.) 

earlier papers of this series (/., 1939, 470, 473; 1942, 304; 1944, 11) the Richter numbering (B) was 
used. — E ditor. 
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2 : 2-dihydrobemthiazine (IV) (43%), together with water. The structure of the new compounds 
was established as follows. 

The substance (IV), which crystallised fibm the chlorobenzene on cooling, and which 
a priori might be expected to be the bis-V-acetoacetyl derivative (I) of diaminodiphenyl disulphide, 
was shown to have a molecular weight of half that required for this structure. Since the 
possibility of dissociation of (IV) during the molecular-weight determination could not be 
excluded, and since analysis fails to differentiate between the thiazine and the disulphide 
structures, (TV) and (I), respectively, a chemical method was sought and found in the action 
of N-sodium hydroxide ; for on dissolving in this reagent and being warmed, the whole material 
was rapidly converted into 3-keto-2 : 3-dihydrobenzthiazine (VI) and acetic acid, the latter 
being determined by titration. This is easily explained on the basis of the thia-zine formula 
(IV) as hydrolysis, whereas the disulphide structure could give only half the amount of each 
of these (unless atmospheric oxygen was absorbed, and this was excluded by showing that the 
reaction is not affected by the absence of air, or by the presence of reducing agents) ; for the 
hydrolytic fission of disulphides leads to the formation of equimolecular quantities of thiols 
and sulphenic acids (see Gilman, '* Organic Chemistry 1942, 2nd Ed., Vol. II, p. 8G3) and 
only the sulphenic acid moiety is able to give 3-keto-2 : 3-dihydrobenzthiazine and acetic acid. 
Other properties of the substance (carbonyl activity, coupling of freshly prepared alkaline 
solutions with diazonium salts) are as readily understood on the basis of the formula (IV) as 
on the basis of the disulphide structure (I). 



(I.) (III.) (V.) (VIL) 


The structure of the other new product of the condensation, (V), presented little difficulty. 
It was soluble in both acids and alkalis, and the alkaline solution coupled with diazonium 
solutions ; it showed carbonyl activity (2 : 4-dinitrophenylhydrazone) and gave an isonifroso* 
derivative; and its alkaline solution decomposed rapidly on heating to give 2-methyl- 
benzthiazole. Finally, it was made in good yield from (IV) by reduction with zinc dust and 
acetic acid, -which might be expected if (IV) is considered as a cyclic derivative of aceto- 
acetanilide ; the thiol (III) is a probable intermediate. 

It is not difficult to postulate a reasonable mechanism for the formation of the three products 
of the acetoacetic ester condensation. It may be supposed that the bisacetoacetyl derivative 
(I) of the diamine is the first product, and that this is hydrolysed by traces of water, which may 
be present initially in the reagents, or may be formed by a SchifE's base type of side reaction. 
Such a neutral hydrolysis of the disulphide link is not usually considered to take place, but 
Schdberl and Eck (Annalen, 1936, 322, 97) have shown that it is probable that the reaction 
-S-S- “SH H- -"S-OH is reversible, with equilibrium much on the side of the disulphide; 
provided that irreversibility is ensured, in their case by loss of hydrogen sulphide, the hydrolysis 
can go to completion. We picture the thiol (III) as being removed as soon as it is formed by 
ring closure to (V), while the sulphenic acid (II) is likewise converted into (IV). The water 
which is formed in each of these processes is available for further hydrolysis of the disulphide 
link, and the reaction becomes autocatalytic. Some of the thiazole (V) is hydrolysed during 
the reaction or during the subsequent steam distillation to methylbenzthiazole, so the combined 
yields of this and of (V) approach the theoretical pf 50%, as does that of (IV). 

Similar results were obtained in a brief investigation of the analogous series from ethyl 
benzoylacetate ; S-keto-2-benzoyl-2 : 3-dihydrobemthiazine and 2-phenacylbenzthiazole were 
made in this way. 

Experimental. 

2 : 2' ^Diaminodiphenyl Disulphide , — 2 : 2'-Dinitrodiphenyl disulphide (100 g. ; the sulphide made 
as described in Org, Synth,, Coll, Vol. I, p. 215, is satisfactory, provided that all inorganic sulphur be 
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removed by thorough washing with water) was added to a mixture of boiling alcohol (95%; 2 1.) and 
iron filings (200 g.)» to which had been added concentrated hydrochloric acid (10 c.c.) 30 mins, previously. 
The mixture was heated under reflux for 16 hours in a water-bath in an apparatus fitted with efficient 
mechanical stirring, and was then filtered hot through a kieselguhr bed and concentrated to 600 c.c. 
On cooling, the diamine (60 g. ; 76%) separated as yellow plates, m. p. 90—92®. One recrystallisation 
from alcohol (charcoal) gave material of better colour, m. p. 93 — 93*6°. 

S-Ket(h2’-acetyl-2 : Z-dihydrohenzthiazine (IV). — ^The foregoing diamine (12*4 g.), dissolved in warm 
chlorobenzene (60 c.c.), was added during J hr. to a boiling solution of ethyl acetoacetate (14-5 c.c.) 
in chlorobenzene (76 c.c.). The clear yellow liquid was distilled until wet chlorobenzene (80 c.c.) had 
been collected. To the residue was added further chlorobenzene (50 c.c.), and the same amount was 
distilled over. The process was repeated, no more water then appearing in the distillate. The residue 
was kept overnight, and the pale yellow prisms were collected and washed with light petroleum (b. p. 
40 — 60®) (8‘9 g., 43%) ; recrystallisation (charcoal) from alcohol or toluene gave large, colourless prisms, 

p. 164—164-6® (Found : C, 67-9; H, 4-35; N, 6-75; S, 16-1; M, Rast, 189. CioH^NS requires 
C, 67-95; H, 4-35; N, 6-75; S, 15-5%; M, 207). 2 : ^-Dinitrophenylhydrazone, mustard-yellow 

micro-ne^les from toluene, m. p. 242 — 243® (decomp.) (Found : C, 49-9; H, 3-8. Ci^HuOjNjS 
requires C, 49-6; H, 3*4%). 

2-Aceionylbenzthiazole (V).— ^(a) From the ethyl acetoacetate condensation. The filtrates from the 
foregoing experiment were subjected to steam distillation; after the chlorobenzene had distilled, the 
subsequent cloudy distillate had a smell like that of pyridine ; about 600 c.c. of this were collected. The 
yellow oil remaining from the steam-distillation solidified on standing. After one crystallisation from 
alcohol it gave yellow plates (1-65 g.), m. p. 113 — 115®. Recrystallisation from alcohol gave colourless 
plates, m. p. 122® (Found : N, 7-55. CjoHjONS requires N, 7-36%). The distillate was acidified 
(hydrochloric acid), whereupon the oily material passed into solution, leaving a little solid which was 
removed by filtration and identified as 2-acetonylbenzthiazole (0*2 g. ; total yield 26-7%). The filtrate 
was basified to Clayton-yellow with sodium hydroxide, and extracted with ether, and the ether removed 
by distillation, leaving 2-methylbenzthiazole (1-8 g. ; 21-6%), identified as its picrate, m. p. 163 — 155® 
(lit. m. p. 152—163®). 

(b) From Z-keto-2-acetyl-2 : Z-dihydrobenzthiazine (IV). To the thiazine (5*2 g.) in boiling acetic 
acid (150 cx.) was added zinc dust (8 g.) during 10 mins. After refluxing for a further J hour, the solution 
was filtered and cooled, and water was added, precipitating 2-acetonylbenzthiazole (II) as colourless 
plates (4-2 g., 87-6%), m. p. 122®. 

It decolourised bromine in carbon tetrachloride solution ; its solutions in cold 2N-sodium hydroxide 
gave yellow azo-compounds with diazonium solutions ; on boiling the alkaline solution, an oil, with a 
pyridine-like smell, separated after a few minutes, and was extracted with ether, dried over sodium 
hydroxide, and the ether removed. Addition of alcoholic picric acid to an alcoholic solution of the 
residue gave the picrate of 2-methylbenzthia2ole, m. p. 153 — 165®. 2-Acctonylbenztliiazole was soluble 
in hot 2N-hydrochloric acid ; on cooling, the hydrochloride separated as colourless needles, m. p. 200® 
(from 2N-hydrochloric acid or from alcohol). Treatment of a suspension of the hydrochloride in dilute 
hydrochloric acid with sodium nitrite solution until a permanent starch-iodine reaction was obtained 
gave pale yellow \'&onitroso-2-acetonylbenzthiazole, long yellow needles, m. p. 152 — 162*5° (from alcohol) 
(Found : C, 54-7 ; H, 3-6. CioHgO^NjS requires C, 54-55; H, 3-6%). 

Action of Alkali on Z-Keto-2'-acetyU2 : Z-dihydrobenzthiazine (IV). — The thiazine (2-08 g.) was dis- 
solved in boiling N-sodium hydroxide (20 c.c.). After about 3 mins, there separated long needles of 
3-keto-2 : 3-dihydrobenzthiazine (VI) ; after a further J hour at 100®, the suspension was cooled and 
N-hydrochloric acid (30 c.c.) was added ; the solution was filtered through a weighed 1G3 sintered-glass 
Gooch funnel. The ketodihydrothiazine (VI) was washed with water, dried at 100®, and weighed; 
1-66 g. (100%) ; m. p. 179° (not depressed by mixture with an authentic specimen) (Found : N, 8-4; 
S, 19-4. Calc, for C8H7ONS : N, 8-5; S, 19-4%). The yield was not lowered by conducting the 
reaction in an atmosphere of nitrogen or by the presence of sodium sulphide in the alkaline solution. 

A further portion of the thiazine (2*08 g.) was treated with 0-976N-sodium hydroxide (20 c.c.) in 
the same way ; the cooled alkaline suspension w^as filtered, and the residue washed well with water. 
Titration of the filtrate, using phenolphthalein, with hydrochloric acid (10 c.c. of 0-929n) shows, by 
difierence, a weak acid content of 1*02 mols. per mol. of thiazine. Similar results were obtained when 
the hydrolysis was conducted in an atmosphere of nitrogen. 

(IV) (2-0 g.) was recovered unchanged (1-6 g.) when its solution in alcohol (20 c.c.) was heated under 
reflux with 2N-hydrochloric acid (5 c.c.) for 6 hours. 

Z-Keto-2~benzoyl-2 : Z-dihydrobenzthiazine. — ^This was made from ethyl benzoylacetate (42*4 g.) 
and diaminodiphenyl disulphide (24*8 g.) in chlorobenzene (260 c.c.) as described for (IV) ; it formed large 
lemon-yellow prisms, m. p. 188® (Found : C, 66*56; H, 4*0; N, 5*06; M, Rast, 242. CigHiiO^NS 
requires C, 66-9; H, 4*1; N, 6-2%; Af, 269). It formed yellow solutions in hot N-sodium hydroxide 
which faded on boiling with quantitative formation of the thiazine (VI) ; acidification of the filtrate 
gave benzoic acid (m. p. and mixed m. p.). 2-Phenacylbenzthiazole, made by zinc dust reduction of the 
foregoing compound in acetic acid, formed needles from benzene, m. p. 150® (Found : N, 5-6. Ci^HuONS 
requires N, 6*65%). 

Imperial Chemical Industries Limited, 

Research Laboratories, Blackley, Manchester, 9. 

The Dyson Perrins Laboratory. Oxford University. 
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^3. The Polysaccharides of Carragheen. Part II. The 

Gigartina stellata Polysaccharide. 

By Eric T. Dewar and E. G. V. Percival. 

The water-soluble polysaccharide of Gigartina stellata is shown to resemble the Chondrus 
crispus polysaccharides. Crystalline 2 : 6-dimethyl jS-d-galactose has been isolated by the 
hydrolysis of the methylated polysaccharide. 

Although some authorities (*' British Pharmaceutical Codex’', London, 1934, p. 320; 
" Thorpe’s Dictionary of Applied Chemistry”. Longmans, 4th. Edn. 1937, p. 199) appear to 
reserve the term carragheen for the red alga Chondrus crispus, and it was used in this sense in 
Part 1 (/., 1943, 51), others, for example Tseng (Science, 1945, 101, 2633) and Newton 
(Endeavour, 1945, IV, 14, 69) also include Gigartina stellata, Batt. in this description on account 
of the close morphological resemblances between the two algae. It is not surprising therefore 
that the polysaccharides extracted by hot water from these two red seaweeds prove, as the 
present investigation shows, to be of the same type. 

The polysaccharide obtained by the extraction of Gigartina stellata with hot w’^ater mainly 
as the calcium salt, but containing in addition magnesium, sodium, and potassium, gave 
^f-galactose (40%) on hydrolysis, and had [a]^* + 51° in w^ater (SO4, 23‘9%) ; the hot extract 
from Chondrus crispus had [a]if* -f- 63° (SO4, 23*8; galactose 36*9%) (/., 1943, 51). In its 
stability to sodium hydroxide (n) at 100° the polysaccharide also resembled the Chondrus 
extracts, three days being necessary to remove 62®4 sulphate residues. The free acid 

polysaccharide was isolated ([a]i>®’ + 43°; SO4, 25*9%; neutralisation eciuivalent, 371) and 
potentiometric titration show'ed it to be a typically strong acid. Acetylation was accomplished 
by a modification of the method of Pacsu and Mullen (/. Amer. Chem. 5oc., 1941, 68, 1487), 
deacetylation and methylation of the acetate (CHg-CO, 19*1%) giving a partially methylated 
polysaccharide (OMe, 16*2%) from which after repeated methylation with sodium hydroxide and 
methyl sulphate a product, [a]p* -f- 43° (OMe, 18*6; Ca, 3*8; Mg, 0*9; SO4, 24*7%), was 
obtained, the retention of the ethereal sulphate emphasising the stability of that grouping to 
alkali. 

Hydrolysis of the methylated polysaccharide gave a crystalline dimethyl galactose which 
was identified as 2 : 6-dimethyl galactose as follows. Oxidation gave a crystalline dimethyl 
galactonic acid which on distillation yielded a lactone, proved to be a y-lactone because of its 
slow hydrolysis in water. A free hydroxyl group was therefore present on C4, and this fact was 
confirmed by the inversion of the sign of rotation of the free sugar on methylgalactofuranpside 
formation. The amide prepared from the lactone gave a negative Weerman test, proving 
substitution by methoxyl on C2, a fact confirmed on osazone formation since 6-methyl 
galactosazone (Oldham and Bell, /, Amer. Chem. Soc., 1938, 60, 324) was obtained. Proof of 
the substitution of the primary alcohol residue by methoxyl was afforded by the fact that no 
iodine entered the molecule when the ditosyl dimethyl methylgalactoside was treated with 
sodium iodide in acetone (Oldham and Rutherford, ibid., 1932, 54, 366). The isolation of a 
crystalline dimethyl monoacetone p-methylgalactopyranoside also proved the presence of free 
hydroxyl groups on Cg and C4. 

The only fact at variance with the proposed assignment of structure was that, although the 
specific rotations were almost identical, the melting point of 131° for 2 : 6-dimethyl galactose 
recorded by Oldham and Bell (loc. cit.) was much higher than the value (119 — 120°) we obtained 
for our crystalline dimethyl galactose. The facts were re-examined by Dr. D. J. Bell (/., 1945, 
692) who repeated and extended th6 earlier work, and mixed melting point determinations of our 
dimethyl galactonic acid phenylhydrazide with the corresponding derivative prepared from 
2 : 6-dimethyl galactose, the structure of which had been proved unequivocally both by the 
synthetic route employed and by periodate oxidation, showed no depression. Furthermore 
satisfactory agreement was obtained in respect of the melting points of the dimethyl 
p-methylgalactoside and the corresponding 3 : 4-monoacetone derivative. It may be recall^ 
that evidence was presented (Part I, loc. cit.) th^t the syrupy dimethyl galactose produced on 
hydrolysing the methylated Chondrus crispus polysaccharides was also 2 : 6-dimethyl galactose. 
In these polysaccharide sulphates, therefore, the exposed hydroxyl groups on the galactose 
residues are on Cg and C®. If we assume that the sulphate groups are directly attached to the 
galactose residues four possible formulae must be considered (see opposite page) . 

It has been shown recently (Percival and Duff, Nature, 1946, 158, 29) that barium 3-methyl 
1 : 2-monoacetone glucofuranose 6-sulphate is readily transformed into the corresponding 
6 : 6-anhydride by sodium methoxide. It is highly probable therefore that the sulphate groups 
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in (B), (C), and (D) would be readily eliminated by alkali, with formation of ethylene oxide rings 
in the first instance. In addition (B) would also form a 3 : C-anhydride by analogy with the 
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methylglucofuranoside 3-sulphates (J., 1945, 119). The most likely arrangement is therefore 
(A) in which the galactopyranose residues are linked through the 1 and 3 positions as in agar, 
and it may be that this type of linkage is typical of the galactans of the red seaweeds. The 
above arguments, based on the resistance to hydrolysis with alkali of the sulphate groups, apply 
only if these residues are directly attached to the galactose units. It is conceivable, however, 
that the sulphate groups are attached to those building units (X) of the molecule which have not, 
as 5’’et, been identified, with these units (X) interposing between the sulphate groups and the 
triply linked galactose residues. This point could be decided by removing the sulphate groups 
and following this by methylation, but attempts to remove the sulphate residues have been 
unsuccessful so far and it seems that a final decision must await the identification of (X) . 

The substance, or mixture of substances, (X) is clearly not a simple hexose since the methoxyl 
content of the methylated polysaccharide is only slightly higher than would be required for the 
dimethyl galactose residues found, and it will be surprising if it contains more than one free 
hydroxyl group. That (X) might be an anhydro- or a deoxy-sugar has not been lost sight of, 
but the decomposition it undergoes under acid hydrolytic conditions has prevented progress so 
far. The hydrolysis of the methylated polysaccharide with mcthanolic hydrogen chloride was 
unexpectedly difficult, and only derivatives of methylated galactose could be identified among 
the products of hydrolysis. In the case of the Chondrus crispus polysaccharide, Young and 
Rice (/. Biol. Chem., 1946, 164 , 35) have isolated diacetone 2-ketogluconic acid in small yield on 
hydrolysis and treatment with acetone and copper sulphate, but we have not yet succeeded in 
isolating this material from cither the Chondrus or the Gigartina polysaccharides. 


Experimental. 

Preparation of the Polysaccharide. — The air-dried seaweed, Idndly supplied by Dr. A. P. Orr of the 
Marine Station, Millport, was washed in muslin bags in 600 g. lots with running water for 10 days. 
Repeated extraction with water on the steam-bath followed until the extracts were no longer appreciably 
viscous. The combined extracts were filtered hot and concentrated at 60°/ 15 mm. to small volume, and 
the brown viscous solution was added slowly, with mechanical stirring, to ethanol. The white fibrous 
material was dehydrated with fresh ethanol, washed with ether, and dried in a vacuum desiccator. For 
all quantitative work the substance was purified by dialysis against running water for six days, filtered, 
concentrated, reprecipitated, and dried over phosphoric oxide at 60°/ 15 mm. to constant weight. The 
product was neutral, non-reducing and had [a]}f’ + 51° {c, 0-6 in water) [Found : Ash (as sulphate), 
17*6; Ca, 3-6; Mg, 10; Na, 0-2; K, 01 ; 804,23-9%]. 

Isolation of the Acid Polysaccharide. — The polysaccharide (hereafter designated H.E.) (0*75 g.) in 
water (60 c.c.) was treated with hydrochloric acid to bring the concentration to n, and the solution in a 
cellophane bag was dialysed against hydrochloric acid (n) until free from calcium (9 days). Dialysis was 
continued against distilled water untU free from chloride (5 days), and the solution was then diluted to 
250 c.c. in a standard flask. By titration against sodium hydroxide (0-05 n) to phenolphthalein, the 
solution was found to be 7-49 x lO"** n; by weighing the sodium salt obtained on evaporation the 
equivalent of the sodium salt was calculated as 393 and that of the free acid as 371 . The solution of the 
acid was non-reducing, but became reducing on heating at 100° for 10 minutes; [a]}?" -}- 43° ic, 0-14 in 
water) (Found : SO4, 25-9%). 

Potentiometric Titration. — The tabic shows a comparison between the titration of the above acid 
solution (a) against sodium hydroxide (8-22 x 10 ~®n) and hydrochloric acid (5-67 x 10-^n), (b) against 
sodium hydroxide (6-13 X 10“*n) using a quinhydrone electrode. 


NaOH added 

e.m.f. 


NaOH added 

e.m.f. 


(C.C.). 

(mv.). 

pH. 

(c.c.). 

(mv.). 

pH. 

— 

308 

2-58 


304 

2-6r, 

10 

304 

2-66 

10 

302 

2-69 

20 

296 

2-79 

20 

298 

2-76 

30 

284 

3-00 

(6) 30 

292 

2-86 

35 

270 

3-24 

40 

280 

3-07 

40 

242 

3-73 

44 

268 

3-28 

43 

182 

4-77 

46 

258 

3-45 

46 

12 

7-71 

50 

232 

3-90 




62 

160 

5-15 




64 

70 

6-71 




56 

8 

7-78 


5 M 
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Hydrolyses of H,E, — (1) H.E. (4*98 g.) was hydrolysed at 100® with oxalic acid (210 c.c. ; 0«6 n) to 
constant rotation (26 hours, [aJif* + 25®). The solution was decolorised with charcoal, neutralised 
with calcium carbonate, filtered, and evaporated at 35®/ 15 mm. to a syrup admixed with calcium sulphate. 
Extraction with small quantities of water, filtration, and evaporation gave a syrup (4*62 g.). Galactose 
was determined quantitatively by dissolving the syrup in water (45 c.c.), adding ethanol ^5 c.c.), acetic 
acid (0*5 c.c.), and phenylmethylhydrazine (3*75 c.c.}, and keeping at 0® for 4 days. The crystalline 
galactose phenylmethylhydrazone was filtered oft, washed with water, ethanol, and ether, and dried for 
3 da 3 rs in a vacuum over phosphoric oxide, m. p. 186—187® (3*055 g.). Under identical conditions 
d-galactose (3*219 g.) gave galactose phenylmethylhydrazone, m. p. 186® (4*978 g.), i.^., galactose from 
H.E., 39*6%. 

(2) H.E. (11*1 g.) gave galactose phenylmethylhydrazone (6*83 g.), i.e., galactose from H.E., 39*9%. 

(3) H.E. (10*23 g.) was heated at 100® with a mixture of oxalic acid (0*1n) and potassium oxalate 
(400 c.c. ; 0*1n) for 26 hours in a nitrogen atmo^here after Young and Rice (loc. cit.) and the procedure 
described by those authors for the isolation of diacetone 2-ketogluconic acid from Irish moss carried out. 
No identifiable products apart from galactose were obtained. 

The filtrates from (1) and (2) were treated with benzaldehyde according to Ludtke {Biochem, Z., 
1929, 419) to yield a glass, [a]© di 0® in water, which reduced Fehling*s and Barfoed's solution, gave 
Schifi’s test, the Seliwanofif, Bredereck, and selenium dioxide ketose reactions, and the iodoform reaction 
in the cold ; tests for pentoses, methylpentoses, and uronic acids were negative. Salts of organic adds 
were present, but attempts to isolate esters by treating the free acids with diazomethane followed by 
methylation were not successful. 

Hydrolysis of H.E. with N-Sodium Hydroxide at 100®. — H.E. (1*521 g.) was heated with N-sodium 
hydroxide (200 c.c.) at 100® in the presence of barium chloride (1*533 g.). At definite intervals samples 
(25 c.c.) were withdrawn, water (25 c.c.) and dilute acetic acid (10 c.c.) added, and the solution 
centrifuged. The residual combined sulphate in 50 c.c. of the solution was then determined by 
hydrolysis with hydrochloric acid and weighing the barium sulphate produced. 

Time, hrs 4 10 32 56 72 

Residual sulphate (BaS 04 , mg.) 70*2 65*6 47*4 38*0 34*4 

Hydrolysis, % 23 28 48 58 62 

Acetylation of H.E. — To H.E. (15*9 g.) dissolved in water (200 c.c.), pyridine (700 c.c.) was added, and 
the pyridine-water azeotrope distilled off at 60®/15 mm. (Pacsu and Mullen, loc. cit.) to a volume of about 
250 c.c. To the brown jelly so obtained pyridine (50 c.c.) and acetic anhydride (200 c.c.) were added, 
slowly, with shaking and cooling. After 12 days at room temperature the acetate was separated at the 
centrifuge and washed with pyridine, ethanol, and ether. The white powder (18 g.) so produced had 
[a]i?‘ 4- 46® (c. 0*8 in water) (Found : CHs*CO, 19*1%). 

Deacctylation and Methylation. — The above acetate in water (300 c.c.) was treated with 
methyl sulphate (120 c.c.) and sodium hydroxide (300 c.c.; 30%) in one-twelfth portions every J hour, 
the temperature being kept below 20®. The solution was then heated to 80° for 30 minutes, cooled, 
neutralised with acetic acid, and dialysed against running water until sulphate-free (10 days). The 
dialysed solution was evaporated at 45®/16 mm. to a glass (OMe, 16*2%). This glass was taken up in 
water (100 c.c,), worked up with pyridine as described above, and reacetylated (CHg'CO, 5*9%). 
Simultaneous deacetylation and methylation as before increased the methoxyl content to 17*2%. This 
was followed by a third acetylation (CHj’CO, 4*4%) and methylation (OMe, 17*6%), and a fourth 
acetylation (CHg*CO, 3*5%) and methylation (OMe, 18*2%) (14 g.). 

Attempts to increase the methoxyl content of this specimen by three direct methylations with methyl 
sulphate and sodium hydroxide in the usual way w’ere unsuccessful, as was the application of the thallium 
method (Hirst et al., /., 1939, 1884). 

The methylated polysaccharide was obtained by precipitation from aqueous solution (after dialysis) 
by ethanol, as a white fibrous solid, [a]}?* 4 43° (c, 1*6 in water) [Found : Ash (as sulphate), 18*2; Ca, 
3*75; Mg. 0-94; Na, 0*31 ; 804,24*7; OMe, 18*6%]. 

Hydrolysis of the Methylated Polysaccharide. — ^The above product (5*13 g. ; OMe, 18*6%) was 
hydrolysed at 100® with oxalic acid (200 c.c., n/2) until the rotation was constant ([ajj,®* 4 37®). The 
solution was neutralised with calcium carbonate and worked up in the usual way to a brown syrup 
(4*0 g., OMe, 26*3%). 

Gly copy rano side Formation. — This syrup was boiled with methanolic hydrogen chloride (160 c.c.; 
6%) until non-reducing (8 hours), neutralised with silver carbonate, evaporated, and extracted with 
ether to give a syrup (2*34 g., OMe, 36*0%, n^* 1*4665) which was fractionated to give (1) 0*09 g., b. p. 
100®/0*1 mm., ttlf 1*4295 ; (2) 1*9 g., b. p. 146— 166®/0*07 mm., wj?* 1*4737, [a]i?“ 4 70® (c, 1*4 in water) 
(Found : OMe. 40*4. Calc, for CgHijOg : OMe, 41*9%). Fraction (1) was identified as methyl Isevulate 
isolated as the dinitrophenylhydrazone, m. p. 136® not depressed on admixture with an 
authentic specimen. 

Preparation of Tetramethyl A-Galactopyranose Anilide from (2). — Fraction (2) (0*67 g.) was methylated 
with methyl sulphate and sodium hydroxide followed by two treatments with Purdie's reagents to give a 
mobile S 5 Tup (0*47 g.), distilled, 90 — 110°/0*02 mm., to yield a colourless liquid (0*4 g. ; 1*4495) 

which was hydrolysed with sulphuric acid (15 c.c.,‘n) at 100° for 6 hours. From the reducing S 3 rrup 
(0*35 g.) isolated in the usual way, treatment witli aniline in alcohol gave an anilide (0*23 g.), m. p. 
193 — 194®, not depressed by authentic tetramethyl galactopyranose anilide; [a]}f* — 80® (c, 0*6 in 
acetone). 

Isolation of Crystalline Dimethyl Galactose. — Fraction (2) (0*81 g.) was hydrolysed with sulphuric acid 
(30 c.c. ; n) for 5 hours, [a]}?* 4 82°. Neutralisation with barium carbonate, filtration, and evaporation 
gave a crystalline product (0*66 g.), m. p. 119 — 120® after three recrystallisations from dry ethyl acetate, 
Wif* 4 48“ (1^ mins.), 4 87° (240 mins., constant; c, 0*67 in water) (Found : C, 46*5; H, 7*5; OMe, 
29*1. Calc, for C^Hj^O* : C, 46*2; H, 7*7; OMe, 29*8%). Normally crystallising as needles, this 
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diineth^l galactose was obtained in the form of large plates from ethyl acetate-light petroleum (b. p. 

Isolation of Q^Methyl Galactosazone, — The free sugar (0*34 g.) in water (5 ex.) gave several crops 
(0*26 g.) of an osazone which on recrystallisation had m. p. 201 — 203® not depressed by authentic 
e-methyl galactosazone (Found : OMe, 7*1. Calc, for Ci,H2404N4 : OMe, 8*3%). 

Galactofuranoside Formation, — ^The sugar in methanoUc hydrogen chloride (1% ; c, 1*675) showed the 
following rotational changes (time in hours) : [aji?" + 42° (0*75); 23° (18); 12*5® (25); -- 9*5® (42) ; 
-16*5® (48); - 29® (66); -39® (92); -43® (114; constant). 

Fvidence for Substitution on C®. — Fraction (2) was treated with an excess of toluene-j^-sulphonyl 
chloride in pyridine to yield a syrupy product, + 32® {c, 2*3, in chloroform) (Found : OMe, 16*6. 
C2*H3oOtoS, requires OMe, 17*6%). 

Treatment with sodium iodide in acetone according to Oldham and Rutherford {loc. cit.) gave a 
product devoid of iodine. Oxidation of the crystalline dimethyl galactose with sodium periodate 
gave no formaldehyde. 

Derivatives of 2 : ^Dimethyl Galactose, — 2 : ^-Dimethyl galactonic acid. The dimethyl galactose 
(1*69 g.) in water (26 c.c.) was treated with bromine (1*76 c.c.) at room temperature until non-reducing 
(6 days). After aeration, neutralisation with silver carbonate, and treatment with hydrogen sulphide, 
etc., a viscous syrup (1*66 g.), [a]}/* •+• 26® (c, 1*6 in water), was obtained (Found : C, 42*6; H, 7*1 ; OMe, 
24*8. CgHieO, requires C, 42*9: H. 7*2; OMe. 27*7%). 

2 : ^-Dimethyl y-galacionolactone. The above crystalline acid (0*96 g.) distilled at 180°/0*02 mm. to 
give a syrup (0*9 g.), wj?* 1*4760, [a]^’* — 49® (initial) ; — 24° (28 days ; c, 1*09 in water) (Found : OMe, 
28*6; equiv., 205. Calc, for CgHigO® : OMe, 30*1%; equiv., 206). Titration with sodium hydroxide 
was characteristic of a y-lactone. 

2 : ^-Dimethyl galactonamide. The above lactone (0*34 g.) was treated with methanoUc ammonia 
(6 c.c.) at 0° for 2 days; removal of solvent gave a crystalline amide (0*365 g.) which after three 
recrystallisations from ethanol gave small needles, m. p. 154 — 155°, [a]}?’ + 46° (c, 0-85, in water) (Found : 
C, 43*5; H, 7*3; N, 6*0; OMe, 26*7. CigHi^OeN requires C, 43*1; H, 7-7r-N, 6*3; OMe, 27*8%). 
This amide (0*1 g.) gave a negative Weerman reaction. 

2 : ^Dimethyl galactonic acid phenylhy dr azide. The lactone (0*2 g.) was allowed to react with 
phenylhydrazine (1 mol.) in boiling ether for 16 minutes. On removing the solvent and heating at 
86 — 90° for 2 hours, a crystalline product was obtained which was recrystallised (0*25 g.) from 
ethanol-ether, m. p. 140° alone and admixed with an authentic specimen of 2 : 6-dimethyl galactonic 
acid phenylhydrazide supplied by Dr. D. J. Bell (Found : C, 53*1; H, 7*2; N, 8*9; OMe, 19*0. Calc, 
for CigHggOeNj : C, 63*5; H, 7*1; N, 8*9; OMe. 19*8o^). 

2 : Dimethyl p-methyl-d-galacto$ide. The dimethyl galactose (0*5 g.) was acetylated at room temper- 
ature with pyridine and acetic anhydride in the usual way to give a crystalline acetate which was treated 
with hydrogen broniide in acetic acid followed by silver carbonate and methanol to give a non-reducing 
syrup (0*66 g.), [oJrf' -f- 19® (c, 6*6 in chloroform). This was deacetylated with sodium hydroxide (0*1n) 
and the product distiUed at 145 — 160°/0*06 mm. to give a syrup (0*38 g.), 1*4763, which crystallised 

on standing. After two recrystallisations from ether-light petroleum (b. p. 40 — 60°), hygroscopic needles, 
ra. p. 72°, were obtained, [a]n®’ — 22® (c, 0*9 in chloroform) (cf. Bell, loc. cit.) (Found : OMe, 41*0. Calc. 
forC^H^Oe*. OMe, 41*9%). 

2 : ^-Dimethyl 3 : ^-monoacetone P’-methylgalactoside. The mother liquors from the above 
recrystallisations were evaporated to a syrup which crystallised slowly (0*2 g.) and was dissolved In dry 
acetone (50 c.c.) and shaken for 4 days with anhydrous copper sulphate (2 g.) . After the usual treatment, 
distillation at 100®/0*1 mm. gave a crystaUine product, m. p. 65° (cf. Bell, loc. cit.) (Found : OMe, 34*6. 
Calc, for CijHaaOo : OMe, 36*5%). 

2 : Q’Dimeihyl galactose anilide. The dimethyl galactose (0*31 g.) in ethanol (7 c.c.) was heated with 
aniline (1 mol.) at 80® for 3*5 hours to give a crystalline anilide (0*42 g.). Three recrystallisations from 
ethanol gave needles, m. p. 121 — 122®, [a]}J* 4-15° (c, 0*7 in ethanol) (Found: N, 5*2; OMe, 
22*2. C14H21O6N requires N, 4*9; OMe, 21*9%). A satisfactory elementary analysis for carbon could 
not be obtained from this material (see also Bell, loc. cit.). 

Hydrolysis of Methylated H,E. followed by Furanoside Formation. — ^Methylated H.E. (6*23 g. ; OMe, 
18*6%) was hydrolysed with oxalic acid (0*5 n) as before to give a syrup (3*64 g.) which was treated with 
methanolic hydrogen chloride (lOO c.c.; 2%) at room temperature. After 8 days the solution was 
non-reducing — 30® (c, 0*7)}. Neutrjilisation with silver carbonate, etc., gave a S5rrup (2*75 g.) 

which was distilled in the presence of barium carbonate, giving : (1) 0*05 g., b. p. 100°/16 mm., n]r 
1*4302; (2) 1*98 g., b. p. 120— 146°/0*04 mm., [a]W - 35° (c, 3*8; in water), n]? 1*4672 (OMe, 39*0%); 
(3) 0*3 g., b. p. 146— 166®/0*02 mm., 1*4710; (4) 0*13 g., b. p. 165— 205®/0*02 mm., n{>«’ 1*4813, 
Wi)’ — 8® (c, 1*1 in water) (OMe, 33*9%). Fraction (2) was a mixture of 2 : 6-dimethyl methylgalacto- 
furanosides and gave on hydrolysis (1*66 g.) crystalline 2 : 6-dimethyl galactose (1*2 g.), ni. p. 110® 
without recrystallisation. Fraction (4) vras thought to be an impure monomethyl methylgalactoside, 
but attempts to secure evidence of this by osazone formation were not successful. 

Hydrolysis of Methylated H E, with Methanolic Hydrogen Chloride. — ^Methylated H.E. (4*65 g. ; OMe, 
20*2%) was heated with methanoUc hydrogen chlonde (200 c.c. ; 1*2%) for 24 hours in the presence of 
barium chloride (6*1 g.). After neutraUsation with barium carbonate a non-reducing glass (4*1 g.) was 
isolated which stiU contained sulphur (OMe, 33*6%) ; this was boiled for 16 hours with methanolic 
hydrogen chloride (100 c.c. ; 2%) in the presence of barium chloride. After neutralisation and suitable 
treatment an ether-soluble fraction (A) (1*16 g.) and a glass (B) (2*6 g.) were isolated. (B) was further 
hydrol3rsed for 24 hours with methanoUc hydrogen chloride (100 c.c. ; 2*7%) and barium chloride from 
which an ether-soluble fraction (C) (0*23 g.) and an ethanol-soluble fraction (D) (2*1 g. ; OMe, 32*0%) 
were obtained. (A) and (C) were combined and distiUed at 136 — 156°/0*06 mm. to give mainly 
2: 6-dimethyl methylgalactosides (1*11 g.), n}?* 1*4748 (OMe, 38*1%), which gave crystalline 
2 : 6-dimethyl galactose in good yield on hydrolysis. 

Fraction (D) (1*76 g.) was dissolved in methano and methylated five times with sUver oxide and 
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iodide. Distillation gave : (1) 0*79 g., b. p. 90 — 95®/0*02 mm., wj?* 1*4481 (OMe, 67*6%) ; (2) 
0*64 g., b. p. 9&— 10070*02 mm., 1*4478 (OMe, 66*9%) ; (3) 0*12 g.. b. p. 100—12670*02 mm., ng’ 
1*4483 (OMe, 66*3%). 

Ftactioii (1) (0*43 g.) was hydrolysed with sulphuric acid (n) and the reducing syrup (0*3 g.) treated 
with aniline in ethanol to give tetramethyl d-galactopyranose anilide (0*14 g.), m. p. 196°, [o]{f* — 78° 
(c, 0*7 in acetone). The other component of the mixture could not be identified. 

Fractions (1), (2), and (3) (0*9 g.) were combined, and, after hydrolysis and treatment with aniline, 
tetramethyl d-galactopyranose anilide (0*3 g.), m. p. 196 — 197°, [o]}?* — 81° (c, 0*7 in acetone), was 
obtained. No other products could be identified. 

A further hydrolysis with methanolic hydrogen chloride (4%, in nitrogen) resulted in the isolation 
after a chromato^aphic separation on aluminium oxide of 2 : 6»dimethyl galactose, m. p, 112° (30%). 
No other identifiable products could be isolated, and a search for methylated derivatives of 
2-ketogluconic acid after complete methylation was abortive. 

Thanks are expressed to Dr. A. P. Orr, Marine Biological Station, Millport, for the gift of material, 
to Dr. D. J. Bell for specimens, and to Imperial Chemical Industries Ltd. and the Earl of Moray 
Endowment for grants. 

King's Buildings, University of Edinburgh. [Received, February Uh, 1947.] 


324 . The Reaction of a^-Ethynyl Ketones with Active Methyl and 

Methylene Compounds. 

By A. W. Johnson. 

The reaction of acyl- i^r aroyl-acetylenes (2 mols.) and pyridine.s containing a 4-methyl or 
methylene group yields violet adducts which are represented by structures such as (III). An 
active zwitterion " formed from 2 mols. of the ethynyl ketone is postulated as the intermediate 
in these and similar reactions. With 1 : 3 : 3-trimethylindolenine methiodide, the acyl- or 
aroyl-acetylenes give, after the addition of alkali, adducts formed from equimolecular quantities 
of the reactants, but the corresponding reaction with 2-methylbenzthiazole ethiodide resembles 
those with the pyridines in that 2 mols. of the ketone react with each mol. of base. The addition 
of ethynyl ketones to nitrogen heterocyclic compounds containing active methylene groups, e.g., 

1- phenyl-3-methyl-5-pyrazolone, and active methine groups, e.g., 2 : 4-diphenyIpyrrole and 

2- methylindole, is also described. 

In the course of other work on the reactions of the a^-ethynyl ketones, R*CO’C:CH, it was 
observed that when phenyl ethynyl ketone (Bowden, Heilbron, Jones, and Weedon, /., 1946, 39 
was dissolved in either methylated spirits or industrial absolute alcohol, a deep violet colour 
rapidly developed on warming, or more slowly at room temperature. This colour was not 
obtained with methyl alcohol or denaturant-free alcohol. A sample of alcohol denaturant was 
therefore obtained and fractionated, and the colour shown to be associated with the presence of 
pyridine bases. Attention was then turned to the reaction of individual specially purified 
pyridine and quinoline homologues (0‘5 c.c.) with phenyl ethynyl ketone (0’06 g.) in methyl 
alcohol (2 c.c.) , and the follo^^ ing colours were observed : 


Base. Purification. Colour. 

Pyridine Fractionation Pale yellow 

a-Picoline Regeneration from HgClj adduct. Dark reddish-brown 

m. p, 163—164° 

j9-Picoline Regeneration from oxalate,' m. p. Pale yellow 

108—109° 

y-Picoline Regeneration from oxalate,* m. p. Intense reddish-violet ; cry.stals 

139 — 140° separated on standing 

4-Ethylpyridine Fractionation ® (synthetic) Intense reddish-violet; crystals 

separated on standing 

2:4-Lutidine Regeneration from HgCI^ adduct,'*^ Intense reddish- violet; no separation 

m, p. 117— 119° of solid 

2 : 6-Lutidine Regeneration from HgCIg adduct,' Pale pink 

m. p. 187—189° 

Quinaldine Fractionation Pale yellow 

Lepidine Fractionation (synthetic) Orange-red 


' Lidstone, J., 1940, 241. 

* Kollofi and Hunter, /. Amer. Chem. i$qc., 1941, 68, 490. 

* Wibaut and Arens, Rec. Trav. chim., 1941, 60 , 119. 

^ Bratton and Bailey, J. Amer, Chem. Soc., 1987,, 59 , 177. 

It was therefore apparent that the coloration observed in alcoholic solutions of phenyl 
ethynyl ketone was due to the presence of pyridine homologues containing active (i.^., a** or y-) 
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methyl or methylene groups and that violet colorations were to be particularly associated with 
the y^substituted pyridines. The colour produced from the reaction of y-picoline with phenyl 
ethynyl ketone proved to be sufiftciently sensitive to detect 2 p.p.m. of the base in methyl alcohol. 
Attempts were made to apply the colour reaction to the quantitative determination of a-picoline 
in pyridine (y-picoline may be readily separated from pyridine by fractionation), but the reaction 
proved to be less sensitive in the case of the a-isomer, and other methods for the estimation of 
a-picoline were found to be preferable. 

Purification and analyses of the violet adduct from y-picoline and phenyl ethynyl ketone 
indicated a molecular formula, C24Hx90jN {i.e., 2C9H90,CeH7N), and this was supported by the 
almost quantitative yield of the adduct obtained on mixing 2 mols. of phenyl ethynyl ketone 
with 1 mol. of y-picoline in a small volume of methyl alcohol. The same adduct was obtained 
when other alcoholic solvents, e.g,, 2-ethoxyethanol, were used as solvents for the reaction, but 
in non-polar solvents such as ether or benzene mixtures of products were formed. 

It is probable that the reaction of ethynyl ketones with y-picoline and similar compounds 
closely resembles those described by Diels and his co-workers (Annalen, 1932, 498, 16; 1933, 
505, 103; 1934, 510, 87; 518, 129; 1935, 516, 46; 519, 140; 1936, 525, 73; 1937, 580, 68; 
1939, 548, 79; 1944, 556, 38; J. pr. Chem., 1940, 156, 196; Ber., 1942. 76, 1452) in which ethyl 
acetylenedicarboxylate was caused to react with a variety of heterocyclic bases. It was 
postulated that the zwitterion (I) was an intermediate which reacted with the base as shown : 


2(:C-COaEt)a 


EtOoC 


CO^Et COj] 

•c:c c:c-i 


Et 


RH 


(I.) 


EtOaC-CR: 




,Et 


^0,Et 


:CH-COoEt 


In the case of phenyl ethynyl ketone the active intermediate would be (II) by analogy, giving 
(III) on addition to y-picoline : 


2HC:CCOPh 


COPh 

Hc:c-CH:c*coPh 
e 0 


(II.) 


® (j^OPh QB 

HNf >-ch:ch*c:ch-ch:c< 

\ph 

(IV.) 


y*picoUnc 


> HN^ 


=CH-CH:C-CH:CH-COPh 

(III.) 



Ph\ /Oe 

c 

CH:cH-i:i-CH;cH-coPh 

(V.) 


The intense violet colour of the adduct is probably due to the resonance between (III) and 
structures such as (IV) and (V) . 

A further example of phenyl ethynyl ketone reacting in the zwitterion form was encountered 
in the reaction with ammonium acetate in acetic acid solution, 6-benzoyl- 2-phenylpyridine being 
obtained (cf. Bowden and Jones, 1946, 953) together with s-tribenzoylbenzene. 

Another possible mechanism for the reaction is that the compound (VI) is the intermediate in 
the reaction, in which case the final adduct could be (III) or (VII). Of the two mechanisms, 
the former is preferred, for it will be shown later that 2:3: 3-trimethylindolenine methiodide 
reacts with only 1 equiv. of ethynyl ketones to give adducts of the type (VI) after the addition of 
potassium acetate, and in no case could a second equiv. of ethynyl ketone be induced to add to 
the primary adduct. 

/CHXH-COPh 

HNC >=CH*CH;CH*COPh HN< >^C< 

\CH:CH-COPh 

(VI.) (VII.) (VIII.) 


9H. COPh 

hn<^ \=c-cH:c-cH:cH*coph 


Nevertheless, structure (VII) has been eliminated on chemical grounds, for it was shown that 
the reaction of 4-ethylpyridine (Wibaut and Arens, loc. cit.) with phenyl ethynyl ketone in 
methanolic solution readily gave the violet adduct (VIII). The accepted structure (III) for the 
adduct of y-picoline and phenyl eth5myl ketone was further supported by oxidative degradation. 
Oxidation with 60% nitric acid gave benzoic acid (2 mols.) and tsonicotinic acid (1 mol.) [i.e., 
from the nitric acid salt (IX)], isolated as its picrate. 



Analogues of (III) have been prepared by reaction of y-picoline with methyl ethynyl ketone, 
#n-methoxyphenyl e^ynyl ketone, and o-chlorophenyl ethynyl ketons^ severally. With phenyl 
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kehne and y-picoline in m^:hanoUc 9c^ntk>n a deep blue solution was obtained but the 
adduct was an oil. Stable pyridine methide compounds containing no nitrogen substituents are 
uncominon, but Tscbitchibabin, Kuindshi and Benewqlenskaya {Ber,, 1926, 5S, 1660) have 
, shown that the yellow compound (X) is converted into the purple isomer (XI) on irradiation. 
The reverse change occurs in the absence of light. 

light 

xn/— 

' dark H 

(X.) (XL) 

Diels and Pistor {Annalen, 1937, 580, 87) have shown that a-picoline reacts with ethyl 
acetylenedicarboxylate in ethereal solution to give some of a dark red adduct formulated as 
(XII), which was converted into (XIII) on refluxing with methyl alcohol. No mention was 
made of the possibility of (XII) being in the quinonoid form. 

a CO.Et CO.Et CO,Et 

CHj-C====C C:CH-CO,Et 

(xn.) 

The reaction of a^-ethynyl ketones with quaternary salts containing active methyl groups 
has also been investigated. Phenyl ethynyl ketone with 2:3: 3-trimethylindolenine 
methiodide, after the addition of potassium acetate to remove the elements of hydrogen iodide, 
gave a red crystalline compound, m. p. 168 — 159®, which contained no iodine, had the 
constitution CgiHjiON, and was formulated as (XIV; R = Ph). 

NOg CMeg 

:ch-ch:ch-cor p. y co 

Me Me 


(XIV.) 


( 


CMcg 

C 

/ 




HO 

EtOgC COgEt 
(XIII.) 




This formulation was supported by the almost quantitative yield of (XIV) obtained on 
mixing equimolecular quantities of the reactants in methyl alcohol and by the oxidation of the 
adduct with 60% nitric acid, whereupon 4 : 6-dinitro-l : 3 : 3-trimethyloxindole (XV) (Beilstein, 
“ Handbuch der Organischen Chemie 21, 294; Brunner, Monatsh., 1896, 17, 266) was 
obtained in good yield. Analogues of (XIV ; R =s Me and w-MeO*CeH 4 ) have been prepared 
from trimethylindolenine methiodide with methyl ethynyl ketone and m-methoxyphenyl ethynyl 
ketone, respectively. 

A second mol. of phenyl ethynyl ketone could not be added to (XIV) to form an adduct 
analogous to (III) (e,g., on heating an alcoholic solution in the presence of a small amount of 
sodium hydroxide or piperidine or on heating in acetic anhydride) and (XIV) was always formed 
from the condensation of 2 ; 3 : S-Wmethylindolenine methiodide and phenyl ethynyl ketone, 
however the ratio of the reactants was varied. The corresponding condensation of the 
diethylacetal of propiolic aldehyde with 2:3: 3-trimethylindolenme methiodide gives rise to the 
indocarbocyanine dyestuff, Astrophloxine FF (XVI), and the intermediate corresponding to 
(XIV) has not been isolated (Bayer, G.P. 410,487). 



Attempts to condense (XIV ; R »= Me, Ph) with a second mol. of 2 : 3 : 3-trimethylindolenine 
methiodide have not been successful. 

The reaction of 2-methylbenzthiazole ethiodide with m-methoxyphenyl ethynyl ketone in 
the presence of potassium acetate gave a moderate yield of the red adduct (XVII), in which 2 
mols. of the ketone had reacted with each mol. of the base, but highly coloured products were not 
obtained from similar reactians with the ethkxiides of 2-methylb^zoxa2;ole or 2-XQethylbenz- 
iminazole. With quinaldine and lepidine ethiodides,^ dark blue adducts were obtained fxW the 
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reaction with phenyl eth 3 myl ketone in methyl-alcoholic solution in the presence of potassium 
acetate* but the structure of the products has not yet been fully elucidated and will be described 
in a later paper. 

«P-Eth 3 myl ketones have also been added to active methylene and methine groups of certain 
nitrogen heterocyclic compounds. No basic catalyst is required to effect the addition which 
takes place merely on refluxing the reactants together in methyl-alcoholic solution. With 
2 : 4-diphenylpyrrole (Rogers, 1943, 690) adducts of the type (XVIII) are readily obtained, 
the structure of which has been proved by condensation with a further mol. of 2 ; 4-diphenyl- 
pyrrole in the presence of acids to give the highly coloured salts (XIX) (Cook and Majer, 
1944, 482). 



(XVIII.) (XTX.) 


The reaction of l-phenyl-3-methyl-5-pyrazolone and methyl ethynyl ketone gave (XX), 
identical with the product obtained by Gaspar (B.P. 615,998) by the condensation of the 
pyrazolone with sodio-formylacetone. The addition of phenyl ethynyl ketone to 2-methylindole 
gave an adduct formulated as (XXI) by analogy with the additions of maleic anhydride (Diels, 
Alder, and Liibbert, Annalen, 1931, 490, 277) and ^-benzoquinone (Mohlau and Redlich, Bcy., 
1911.44,3606). 


CH,. 


(XX.) 


TTo 

\-^/ 

Ph 


ch:ch-co-ch. 








H 


Tr-CH:CH-COPh 

'!'-ch3 

(XXL) 


Experimental. 


(M. p.s are uncorrected, and micro-analyses were carried out by Mr. E. S. Morton.) 

4-(3' : ^'•Dihenzoylpenia-2 * : 4t*-dienyliden^-\ 'A-dihydropyridine (III). — y-Picoline (2*8 g. ; regenerated 
from the oxalate) in methyl alcohol (10 c.c.) was added dropwise with stirring to a solution of phenyl 
ethynyl ketone (8-0 g. ; Bowden, Heilbron, Jones, and Weedon, loc. cit.) in methyl alcohol (20 c.c.), the 
temperature being kept below 30®. The solution became red and then red-violet and the solid adduct 
was deposited almost immediately. After standing for 3 hours, the solid (lOT g.) was separated and 
washed with cold methyl alcohol (20 c.c.). Rapid crystallisation from 2-ethoxyethanol gave 
4-(3' : h*’dihenzoylpenta~2 * : 4/~dienylidene)~\ : ^-dihydropyridine as red- violet needles, m. p. 202 — 203°. 
Prolonged boiling of 2-ethoxyethanol solutions caused decomposition, and small quantities of the adduct 
may be conveniently crystallised from methyl alcohol (Found: C, 81*3; H, 6*4; N, 3-85, 405. 
Ca4Hi,0,N requires C, 81-6 ; H, 6-4 ; N, 4*0%). In order to obtain satisfactory carbon analyses in this 
series, it was necessary to mix copper oxide with the sample for combustion. Light absorption: 
maximum 6260 a., c max. 6920. The adduct formed an orange solution in concentrated sulphuric acid 
and the red-violet methyl-alcoholic solution of the adduct was turned pink by the addition of dilute acids. 
The solution was unchanged in colour on addition of 2N-soflium hydroxide or 2N-ammonium hydroxide 
but turned yellow on addition of lON-sodium hydroxide solution. 

4-(3' : &'-DibenzoyUV-methylpenta-2 ' : 4/-dienylidene)‘l : 4i-dihydropyndine (VIII). — 4-Ethylpyridine 
(0-82 g. ; Wibaut and Arens, Rec. Trav. chim., 1941, 60, 119) in methyl alcohol (2 c.c.) was added to phenyl 
ethynyl ketone (2 g.) in methyl alcohol (8 c.c.). The solution rapidly became red- violet and heat was 
evolved. After standing overnight, the crude solid, m. p. 217 — 219° (1*6 g.), was separated and 
crystallised from methyl alcohol (600 c.c.) to yield 4-(3' : 5'-dibenzoyl-V~methylpenta-2 ' : ^'-dienylidcne)- 
1 : 4k-dihydropyridine, m. p. 232 — 233° (Found : C, 81-6; H, 6-7 ; N, 4-1. CggHgiOaN requires C, 81-8; 
H,5-7; N,3-8%). 

4-(3' : 5'-Di-m-methoxybenzoylpenta’2' : ^'-dienylidene)-l : ^-dihydropyridine. — y-Picoline (0-3 g.) in 
methyl alcohol (1 c.c.) was added to a solution of m-methoxyphenyl ethynyl ketone (10 g. ; Johnson 
and Melhuish, this vol., p. 346) in methyl alcohol (6 c.c.). The mixture rapidly acquired a red-violet 
coloration with evolution of heat. After standing overnight, the solid (IT g.) was separated, washed 
with methyl alcohol, and crystallised from 2-ethoxyethanol, 4-(3' : b*-di-m~methoxyhenzoylpenta-2 ' : 4'- 
dimylideneyi : ^dikydropyridine being obtained as red-violet needles, ra. p. 195 — 196° [Found : C, 75T ; 
H, 6-75 ; OCHj,, 14-7. C„H„0,N(OCH,)* requires C, 75-5 ; H, 6-6 ; OCHa, 15 0%]. 

4-(3' : &'-‘Di->o-chlorobenzoylpenta-2' : ^'-dienylideneyi : ^-dikydropyridine, — y-Picoline (0*3 g.) and 
o-chlorophenyl ethynyl ketone (1*0 g. ; see below for preparation) under the conditions of the previous 
experiment afforded \&*~di*o~chlorobenzoylpenta-2^ 'A'-dienylideneyi'A’-dihydropyridine (1-0 g.), 

which crystallised from 2-ethoxyethanol (6 c.c.) as violet needles, m. p. 140 — 141° (Found : Cl, 16-9. 
Cj^Hj^OaNCla requires Cl, 16*8%). 

4-(3' : B'^Diacetyipenta’-2 ' : if-aienylidene)-! : 4:-dihydropyridine» — y-Picoline (0 7 g.) in methyl alcohol 
(I'O c.c.) was added to a solution of methyl ethynyl ketone (1*0 g. ; Bowden, Heilbron, Jones, and 
Weedon, loc* dt.) in methyl alcohol (2 c.c.) with external cooling. A vigorous reaction occurred and the 
solution became reddish-brown. 4-(3' : 5'-Diacetylpenta-2 ^ : ^^'-dienylideneyi : ^-dihydropyridine rapidly 
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separated and after standing overnight it was collected (1*4 g.) and crystallised from methyl alcohol, 
forming reddish-brown needles, m. p. 202 — 203^ (Found : C, 73*0; H, 6’76; N, 5*7. C|4Hj|^Oi|N 
requires C, 73*35 ; H, 6*55 ; N, 6*1 %). 

6-Chloyophenyletkynylcafbinol. — Purified acetylene was rapidly passed into liquid ammonia (1000 
c.c.) with stirring and cooling, and sodium (23 g.) added in small pieces at such a rate that the blue colour 
never persisted for more than few moments. A solution of o-chlorobenzaldehyde (140 g. ; redistilled) in 
ether ^60 c.c.) was added dropwise during IJ hours, and the mixture was stirred and cooled for a further 
3 hours with continued introduction of acetylene. The ammonia was allowed to evaporate overnight and 
ether and dilute hydrochloric acid (ice) were added to the residue. Isolation of the product in the usual 
manner gave o-chloraphenylethynylcarbinol as a pale yellow liquid (73 g.), b. p. 147 — 148®/26 mm.; 

1*5669 (Found : C, 64*56; H, 4*06. CjH^OCl requires C, 64*85; H, 4*2%). In one experiment, 
o-chlorobenzyl alcohol, b. p. 120 — 126®/! 8 mm., m. p. 71 — 72®, formed by a simultaneous Cannizzaro 
reaction, was isolated from the lower-boiling fractions of the distillation, and it is therefore important not 
to add the aldehyde too quickly to the sodium acetylide solution, 

o-Chlorophenyl Ethynyl Ketone, — ^To a stirred solution of o-chlorophenylethynylcarbinol (68 g.) in 
acetone (80 c.c,), a solution of chromium trioxide (38 g.) in water (120 c.c.) was slowly added in an 
atmo.sphere of nitrogen, the temperature of the solution being kept below 16°. After a further hour’s 
stirring, the mixture was poured into water (1000 c.c.) and extracted with ether (3 X 200 
c.c.). Evaporation of the ethereal solution gave a yellow solid which recrystallised from petroleum 
(b. p. 60 — 80°) to give o-chlorophenyl ethynyl ketone (41 g.) as pale yellow needles, m. p. 67 — 68° (Found : 
C, 65*45 ; H, 3*3. CjHgOCl requires C, 65*65 ; H, 3*05%). The ketone readily formed a red insoluble 
copper derivative and a white insoluble silver derivative. 

Phenyl l-Hexynyl Ketone, — A solution of chromium trioxide (9 g.) in water (28 c.c.) and concentrated 
sulphuric acid (7*5 c.c.) was added dropwise during 1 hour with stirring to l-phenyl-2-hexyn-l-ol(18*2 g. ; 
Campbell, Campbell, and McGuire, Ghent . Abs.» 1941, 35, 6872) in acetone (30 c.c.), the reaction 
temperature being kept below 15°. The mixture was further stirred for 1 hour at room temperature and 
then poured into water (300 c.c.), and the product isolated by means of ether. Distillation of the residue 
after removal of the solvent gave phenyl l-hex'ynyl ketone as a pale yellow liquid (12*6 g.), b. p. 104°/ 1 mm. ; 

1*6461 (Found : C, 83*6 ; H, 7*2. C^HuO requires C, 83*85 ; H, 7*5%). 

Oxidation of : 5'*Dibenzoylpenta~2' : 4:'-dienylidene)~} . 4-dihydropyridine. — The adduct (III) 

(1*0 g.) was treated with nitric acid (26 c.c. ; d 1*42) and water (26 c»c.) and refluxed for 3 hours. Nitrous 
fumes were evolved and the final solution was clear yellow. After standing overnight, benzoic acid 
(0-4 g.), m. p. 120 — 121° after sublimation, was deposited and was separated. The filtrate was 
concentrated, and on cooling, a further amount of benzoic acid (0*1 g.) was obtained, which was again 
separated. The filtrate was diluted with water (6 c.c.) and again concentrated, and this process repeated 
in order to remove the excess of nitric acid. The residue was again diluted with water (5 c.c.) and the 
filtered solution extracted with ether (3x6 c.c.). The aqueous layer was treated with excess of picric 
acid solution and the first-formed low-melting precipitate removed. After standing overnight, 
lAonicotinic acid picrate separated as stout yellow needles (0*26 g.), m. p. 214 — 215°, after crystallisation 
from water (Found : C, 40*66; H, 2*46; N, 16*86. C18H4O4N4 requires C, 40*6; H, 2*3; N, 16*8%). 
The m. p. of this derivative was not depressed on admixture with an authentic specimen, prepared from 
the isonicotinic acid obtained by permanganate oxidation of y-picoline (Koelsch, J, Amer, Ghent, Soc,, 
1943, 66, 2464). A mixture of isonicotinic acid picrate with nicotinic acid picrate, m. p. 210—211° 
(Found: C, 40*6; H, 2*7%), had m.p. 186— 199°. 

I \ : Z-’Trimethyl-2-('i'-benzoylallylidene)dihydroindole (XIV; R = Ph). — Phenyl ethynyl ketone 
(4*4 g.) in methyl alcohol (10 c.c.) was added to a solution of 2:3: 3-trimethylindolenine methiodide (10 g.) 
in methyl alcohol (60 c.c.) and the mixture refluxed for 1 minute. A solution of potassium acetate 
(3*4 g.) in methyl alcohol (6 c.c.) was added to the yellow solution, which rapidly became red. After 
standing for 3 hours, the precipitated 1:3: Z-trimethyU2-{Z'-benzoylallylidene)dihydroindole (9*0 g. ; 89%) 
was separated, and crystallised from methyl alcohol in orange-red prisms, m.p. 158 — 169° (Found : C, 
82*9; H, 7*2; N, 4*95. requires C, 83*15; H, 6*9; N, 4*6%). Light absorption : maximum 

4600 A., € max. 45,100. 

1:3: 3-Trimethyl-2’-pent-2'~en-4'^onylidenedihydroindole (XIV ; R == Me). — Methyl ethynyl ketone 
(0*46 g.) in methyl alcohol (2 c.c.) was added to a solution of 2 : 3 : 3-trimethylindolenine methiodide (2 g.) 
in methyl alcohol (15 c.c.), and the mixture w'anned slightly. A solution of potassium acetate (0*34 g.) 
in methyl alcohol (2 c.c.) was added, and the solution immediately became dark yellow. After standing 
overnight, the adduct was pr^ecipitated by cautious addition of water. 1:3: S-Trimethyl-2-pent-2'-en' 
^'-onylidenedihydroindole crystallised from 60% aqueous methyl alcohol in long yellow needles, m. p. 
130—131° (Found : C. 79:46 ; H, 7*7 ; N, 6*05. Ci^H^ON requires C, 79*65 ; H, 7*9 ; N, 5*8%). Light 
absorption: maximum 4150 a., e max. 45,800. 

1:3: Z -Trimethyl -2- {2' -m-methoxybenzoylallyHdene)dihydroindole (XIV ; R == w-MeO'CeHJ. — 
w-Methoxyphenyl ethynyl ketone (1*08 g.) in methyl alcohol (5 c.c.) was added to a solution of 
2:3: S-trimethylindolenine methiodide (2 g.) in methyl alcohol (16 c.c.), and the mixture refluxed for 1 
minute. A solution of potassium acetate (0*7 g.) in methyl alcohol (6 c.c.) was added, after which the 
solution acquired a deep red colour and the solid adduct was rapidly deposited. After standing for 3 
hours, 1:3: Z-trimethyl-2-{Z'-m-methoxybenzoylallylidene)dihydrotndole (2*0 g.) was separated, washed, 
and crystallised from methyl alcohol (300 c.c.), forming bright red plates, m. p. 182 — 188° (Found ; C, 
78*7; H, 6*6; N, 4*85. requires C, 78*7; H, 6*6; N, 4*8%). Light absorption : maximum 

4600 A., c max. 46,300. 

Oxidation 0/ 1 : 3 : Z-Tnmethyl-2-{^'-benzQylallylidene)dikydfoindoU,-—Th!t adduct (XIV; R =» Ph) 
(I g.) was treated with nitric acid (d 1*42; 25 c.c.) and water (26 c.c.) and the mixture refluxed for 3 
hours. Nitrous fumes w^ere evolved and the black tar at fiist produced slowly dissolved and a yellow 
solution was formed. After cooling, the solution was made alkaline to briUiant-yellow, any solid 
separated, and the solution extracted with ether (3 X 50 c.c.) . Removal of the ether gave a pale brown 
solid (0*37 g.) which was crystallised from methyl alcohol and then from a small volume of toluene td 
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4 : 6-dmitro-l : 3 : 3-trimethyloxindole as pale yellow plates, m. p. 146 — 147® (Brunner, loc. cit., 
giyis m. p. 148®K alone and mixed with an authentic specimen. 

S- Ethyl-' 2 "(i ' : t>'-di~m-methoxyhenzoylpenta-2 ' : i'-dienylidene)benJSthiazolinc (XVII), — wi-Methoxy- 
ethynyl ketone (0*52 g.) in methyl alcohol (6 c.c.) was added to a solution of 2-methylbenzthiazole 
et^odide (1 g.) in methyl alcohol (6 c.c.), and the mixture warmed slightly. A solution of potassium 
aoetnte (0*32 g.) in methyl alcohol (3 c.c.) was added, whereupon the solution became deep red and a solid 
adduct, m. p. 160 — 164®, was deposited after standing overnight. The adduct (0*2 g.) was repeatedly 
crystallised from 2-ethoxyethanol to yield ^-ethyl-2’(2' : b'‘di-m'‘methoxyhenzoylpenta-2' : 4t'~dienylidene)’‘ 
benzthiazoline as small red needles, m. p. 171 — 172® (Found: C, 72*5; H, 6*26; N, 2*9; S, 6*06. 
CsoHa 704 NS requires C, 72*46 ; H. 6*4 ; N, 2*8 ; S, 6*4%). 

3 : 5~Diphenyl-2-{2'-benzoylvinyl)pyrrole (XVIII; R = Ph). — A solution of 2 : 4-diphenylpyrrole 
(1 g.) and phenyl ethynyl ketone (0*6 g.) in methyl alcohol (40 c.c.) was refluxed for one minute and 
allowed to stand overnight. 3 : 5-Diphenyl-2-(2'-benzoylvinyl)pyrrole (1*4 g.) crystallised in orange-red 
prisms, which were recrystallised from methyl alcohol. The pure adduct, m. p. 212°, dissolved in 
concentrated sulphuric acid to a red solution (Found : C, 85*9 ; H, 5*46 ; N, 3*85. C-sHigON requires 
C,86*9; H,6-45,* N,4 0%). 

Bis~2-{S : 5-diphenylpyrrole)-a-phenyltrimethiftcyanine Bromide (XIX; R = Ph). — The foregoing 
compound (1*76 g.) and 2 : 4-diphenylpyrrole (1*1 g.) in acetic acid (3 c.c.) were treated with a 60% 
solution of hydrobromic acid in acetic acid (0*8 c.c.) . An immediate deep violet coloration was produced 
and the mixture was warmed on the steam-bath for 40 minutes. After cooling, the adduct was separated, 
washed with methyl alcohol, and crystallised from chloroform to give bis-2-(3 : 6-diphenylpyrrole)-a- 
phenyltrimethincyanine bromide as violet prisms with a golden lustre, m. p. 245 — 246° (Cook and Majer, 
loo, cit., give m. p. 246°). 

Z : 6’'Diphenyl-2-(but-V-en-2'-onyl)pyrrole (XVIII; R — Me). — Prepared similarly to the phenyl 
analogue from 2 : 4-diphenylpyrrole (I g.) and methyl ethynyl ketone (0*3 g.) in methyl alcohol (40 c.c.), 
and crystallised from methyl alcohol, 3 : b-diphenyU2-{bui-V-en-Z'-onyl)pyrrole (1*1 g.) formed orange 
prisms, m. p. 207°, which dissolved in concentrated sulphuric acid to a deep orange solution (Found : C, 
83*3; H,6*86; N, 6*1. CgoH^ON requires C, 83*6; H,5*9; N,4*9%). 

BiS‘2-(Z \ b-diphenylpyrrole)-a~methyltrimethincyanine Bromide (XIX; R — Me). — ^The pyrrole 
(XVIII ; R = Me) (0*3 g.) and 2 : 4-diphenylpyrrole (0*2 g.) in ethyl acetate (2 c.c.) were treated with a 
50% solution of hydrobromic acid in acetic acid (0*3 c.c.), and the mixture heated on the steam-bath for 
one hour. The green dye was separated, and crystallised from ethyl acetate-ether, forming green plates, 
m. p. 224° (Cook and Majer, loc. cit., give m. p. 225°). 

X-Phenyl-Z-methyl-^-^put-V -en-Z' -onyiy ^-pyrazolone (XX). — l-Phenyl-3-methy 1-5-pyrazolone (1 g.) 
and methyl ethynyl ketone (0*4 g.) in methyl alcohol (10 c.c.) were refluxed for one minute, and the red 
solution kept at room temperature for 2 days. l-Phenyl-3-methyl-4- (but- l'-en-3'-onyl) -5-pyrazolone 
was .separated and crystallised from methyl alcohol, forming yellow hair-like crvstals, m. p. 181° (Gaspar, 
loc. cit., gives m. p. 177°) (Found : C, 69*7 ; H, 5*3. Calc, for C^Hi^OaNg : C, 69*4 ; H, 5*8%). 

2-Methyl-Z’{2'-benzoylvinyl)indole (XXI). — 2-Methylindole (I g.) and phenyl ethynyl ketone (1 g.) 
were dissolved in methyl alcohol (5 c.c.) and allowed to stand overnight. 2-Methyl-Z-{2'-benzoylvinyl)- 
indole was separated, and crystallised from methyl alcohol in orange prisms, m. p. 183 — 184° (Found ; 
C, 82*5; H, 5*6; N, 6*5. CigHj^ON requires C, 82*8; H,5*75; N, 6*35%). 

Z-Benzoyl-Q-phenylpyridine and s-Tribenzoylbenzene . — Phenyl ethynyl ketone (1 g.) in acetic acid 
(1 c.c.) was treated with a cold saturated solution of ammonium acetate (0*8 g.) in acetic acid, and the 
mixture kept at room temperature for 3 days. The precipitated solid was thoroughly extracted with 
2N-hydrochloric acid (3 X 10 c.c.), and the acid extract basified to Clayton-yellow, whereupon crude 
5-benzoyl- 2-phenylpyridine was obtained. Repeated crystallisation from alcohol with carbon 
clarification gave the base as almost colourless plates (0*2 g.), m. p. 86 — 87° (Bowden and Jones, /., 
1946, 953, give m. p. 84 — 85°). The residue from the acid extract was crystallised from alcohol, and 
5-tribenzoylbenzenc was obtained as colourless needles (0*3 g.), m. p. 119° (Claisen, Annalen, 1894, 281, 
307, gives m. p. 118 — 119°). 

The author is indebted to Mr. J. D. Rose for his interest in this work. 

Imperial Chemical Industries Limited, Research Laboratories, 

Hexagon House, Blackley, Manchester, 9. ^Received, February Sth, 1947.] 


325 . The FriedeJr-Crafts Reaction with Acyl-2 : 3-dimethylindoles. 

By W. J. Gaudion, W. H. Hook, and S. G. P. Plant. 

Substances derived from 1-acetyl- and l-benzoyl-2 : 3-dimethylindole by the Friedel-Crafts 
reaction have been hydrolysed to a compound which has been proved to be 6-acetyl-2 : 3-di- 
methylindole. 2 : Z-DimethyFZ-ethylindole has been obtained from it by reduction and 
subseq^uent dehydrogenation, as well as from 2-acetamido-l : ^diethylbenzene by the action of 
potassium /^r/.-butoxide. The results are analogous to those previously observed in the 
carbazole group. Certain reactions of 1 : 6-diacetyl-2 : 3-dimethylindole have been studied. 

Earlier work has shown that while disubstitution at the 3- and 6-positions readily takes place 
when acid chlorides and anhydrides act under the conditions of a Friedel-Crafts reaction on 
carbazole and its 9-alkyl derivatives, similar treatment of the 9-acylcarbazoles leads to 
monosubstitution at the 2-position (see, e.g.. Plant, Rogers, and Williams, /., 1936, 741; 
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Mitchell and Plant, 1936, 1296). Plant and Rogers (/., 1986, 40) found that 9-acetyl- and 
9-benzoyl*tetrahydrocarbazole gave their 7-acetyl and T-benzoyl derivatives (I ; R » Ac or 
Bz) under similar conditions, and it seemed probable that the 6-position would be that normaliy 



(I.) (II.) (III.) 


taken by the substituent in Friedel-Crafts reactions with simple indoles such as the l-acyl-2 : 3- 
•dimethylindolcs (II; R « Acyl). In order to investigate this, l-acetyl-2 : 3-dimethylindole 
was treated with acetyl bromide (or chloride) and aluminium chloride, and a diacetyl-2 : 3-di- 
methylindole, m. p. 116®, was obtained. A small quantity of a tnacetyU% : ^diimthylindole was 
formed at the same time, and this was also prepared by a further application of the Friedel-Crafts 
reaction to the diacetyl compound, m. p. 116®. l-Ben2oyl-2 : 3-dimethylindole was converted 
under similar conditions into an acetyl derivative, which, on hydrolysis, gave an 
acetyl-2 : 3-dimethylindole, m. p. 164®, identical with that obtained by the hydrol3rsis of the 
diacetyl compound. That the substance, m. p. 164®, was not 6-acetyl-2 : 3-dimethylindole was 
proved by reducing it by the Clemmensen method. The resulting 2 : Z-dimethylethylindoline, 
which formed a characteristic phenylcarhamyl derivative, gave, on dehydrogenation, a 
2 : Z-dimeihylethylindolet m. p. 74®, different from 2 : Z-dimethyU&~ethylindole synthesised from 
^-ethylphenylhydrazine and methyl ethyl ketone. Further investigations into the structure of 
these products had to be, discontinued early in 1940 for the duration of the war. In the 
meantime Borsche and Groth (Annalen, 1941, 649, 238) have treated l-acetyl-2 : 3-dimethylindole 
with acetyl chloride and aluminium chloride and obtained a compound, m. p. 116 — 116®, which 
they called 1 : 6-diacetyl-2 : 3-dimethylindole. It was hydrolysed to a substance, m. p. 163®, 
stated to be 6-acetyl-2 : 3-dimethylindole. No experimental evidence was adduced for the 
structures, which were assigned on the basis of the work of Plant and others referred to above. 

The validity of these assumptions has now been established by the synthesis of 
2 : 3-dimethyl- 6-ethylindole from 2-acetafnido-\ : ^•diethylbenzenc (III), m. p. 164®, by heating it 
with potassium /^W.-butoxide under conditions similar to those used by Marion and Ashford 
{Canadian J, Res,, 1946, 23B, 26; see also Tyson, J. Amer, Ghent, Soc,, 1941, 68, 2024) for the 
preparation of 2 : 3-dimethylindole from o-acetamidoethylbenzene. The product proved’ to be 
identical with the substance, m. p. 74®, obtained by the reactions already mentioned. Voswinkel 
{Ber,, 1889, 22, 316) claims to have prepared 2-acetamido-l : 4-diethylben2ene from the 
corresponding amine, obtained from 2-nitro-l : 4-diethylbenzene, but the m. p. is given as 99® 
and the substance was not analysed. The conditions described in the experimental section for 
the nitration of />-diethylbenzene were found to be more satisfactory than those mentioned by 
Voswinkel, which led to a considerable quantity of a dinitro-compound, as was evident from the 
fact that a hisacetamido-\ : 4fdiethylbenzene could be prepared from the basic material obtained 
by reduction of the product. 

Koelsch {J, Amer, Chem, Soc,, 1944, 66, 1983) has found that 6-bromo- l-acetyl-2 : 3-di- 
phenylindole can be oxidised to 6-bi'Oino-2-benzoyl-V-acetylbenzanilide (IV) by chromic acid in 
acetic acid solution. When 1 : 6-diacetyl-2 : 3-dimethylindole was treated in this way. 



COQHfi 

N'AcBz 


(IV.) 


jAco-ch, 

CH,-CO!^^NHAc 

(V.) 


f\ CMe-NO, 


(VI.) 


2 : 5-diacetylacetanilide (V) was isolated, evidently after removal of one of the V-acetyl groups 
from the analogous primary oxidation product. It was also found that o-acetamidoacetophenone 
could be similarly obtained from l-acetyl-2 : 3-dimethylindole. Nitration of 1 : 6-diacetyl- 
2 : 3-dimethylindole has given a niifro^derivative together with ^itro*2^hydroxy-l : MiacetyU 
2 : 3-dintethylindoline (VI). The latter, which was colourless, soluble in alkali, and melted with 
evolution of oxides of nitrogen, had the bdiaviour characteristic of this type of compound, the 
formation of which is a well-established feature of the i-acyl-2 : 3-dialkylindoles (see, e.g,, J,, 
1933,965; 1940,283). 

3-Acetylcarbazole can be readily prepared by heating 9-acetylcarbazole with aluminium 
chloride in nitrobenzene (Plant, Rogers, and Williams, loa, dt,). Attempts to obtain 
6-acetyl-2 : 3-dimethylindole similarly from the 1-acetyl compound have given an unsatisfactory 
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loodli^ from which a little 6-acetyl-2 : S^dimethylindole was the only pure material isolated. 
This i)ehaviQur is reminiscent of that observed with Q-acetyltetrahydrocarbazole (Plant and 
loc. ctt). 

Experimental. 

1 : 6-lHacefyl-2 : Z^dimethylindole . — Aluminium chloride (26 g.) was added to l-acetyl-2 : 3-dimethyl- 
indole (9‘4 g.) and acetyl bromide (17 g.) in carbon disulphide (120 c.c.), the whole refluxed for 2 J hours, 
the solvent distilled off, and the residue added to ice-dilute hydrochloric acid. When the product was 
crystallised from alcohol, 1 : 6-diacetyl-2 : 3-dimethylindole (8*6 g.) was obtained in colourless prisms, 
m. p. 11®® (Found ; C, 73*2; H, 6*6. Calc, for Ci4Hi50aN : C, 73*4; H, 6*6%). The same substance 
resulted from the use of a restricted amount (6-4 g.) of acetyl chloride instead of acetyl bromide. When 
the material obtained by concentrating the alcoholic mother liquors was recrystallised from 
light petroleum, a triacetyU2 : Z-dimethylindole separated in colourless needles, m. p. 117® (Found : C, 
70-8 ; H, 6-3. requires C, 70*8 ; H, 6*3%). 

The same triacetyl compound (mixed m. p.) was obtained in good yield when a mixture of 

1 : 6-diacetyl-2 : 3-dimethylindole (1*15 g.), acetyl chloride (0*5 g.), aluminium chloride (2*6 g.), and 
carbon disulphide (16 c.c.) was refluxed for 2 hours, and the product crystallised from alcohol. 

\-Benzoyl~^-acetyl-2 : Z-dimethylindole , — When l-benzoyl-2 : 3-dimethylindole (6 g.) was treated with 
acetyl chloride (2*4 g.) and alummium chloride (8 g.) in carbon disulphide (60 c.c.) as described for the 
corresponding acetyl compound, and the product crystallised from alcohol, l~h&nzoyl-^acetyl-2 : 3- 
dimethylindole was obtained in colourless needles (4 g.), m. p. 117° (Found : C, 78*0; H, 6*9. Ci^Hi^OgN 
requires C, 78*3; H, 6*8%). After its solution in aqueous-alcoholic potassium hydroxide had been 
renuxed for 2 hours, the addition of water precipitated 6-acetyl-2 : 3-dimethylindole. This separated 
from aqueous alcohol in yellow prisms, m. p. 164° (Found : N, 7*3. Calc, for Cx,H,30N : N, 7*5%), 
identical (mixed m. p.) with the substance similarly obtained from 1 ; 6-diacetyl-2 : 3-dimethylindole. 

2 : Z-DimethyU^-ethylindole . — After ;^-ethylphenylhydrazine (2*89 g.) and methyl ethyl ketone (1*64 g.) 
had been warmed for a few minutes on the steam-bath, the resulting hydrazone was taken up in 
ether, the solution dried (KjCO,), and evaporated. The residue was heated with powdered zinc chloride 
(2 g.) at 180° for 6 minutes, and the product extracted with boiling light petroleum. 2 : 2- Dimethyl-^- 
ethylindole separated from the extract in colourless plates, m. p. 62° (Found : C, 82*9 ; H, 8*9. Ci^H.sN 
requires C, 83*2 ; H, 8*7%). 

2 : 2-Dimethyl~^-ethylindole. — (a) 6-Acetyl-2 : 3-dimethylindole (4*7 g.) and concentrated hydrochloric 
acid (30 c.c.) were added to amalgamated granulated zinc (60 g.), the mixture shaken, and left overnight. 
After the addition of more hydrochloric acid (100 c.c. of 28%), the whole was refluxed for 12 hours, made 
alkaline with concentrated aqueous sodium hydroxide, and steam distilled. When the distillate was 
extracted with ether, and the extract dried and fractionated, 2 : Z-dimethyU^’ethylindoline (2*2 g.) was 
obtained as a colourless oil, b. p. 133°/13 mm. (Found : C, 82*7; H, 10*4. C12H17N requires C, 82*3; 
H, 9*7%). The base (1 g.) was heated with palladised charcoal (0*26 g.) for 4 hours at 260° in an 
atmosphere of hydiogen, the product dissolved in acetone, the solution filtered and poured into dilute 
hydrochloric acid. The precipitated solid was crystallised from aqueous alcohol, from which 

2 : 2*dimethyl-^-ethylindole separated in colourless plates, m. p. 74°, which soon turned brown when left 
in aif (Found : C, 82*7 ; H, 8*6%). 

(b) />-Diethylbenzene (20 g.) was gradually added to a well stirred mixture of glacial acetic acid (40 
c.c.) and nitric acid (43 c.c., d 1*6) at 10 — 16°, the whole diluted with water, and the product extracted 
with chloroform. After the extract had been washed with aqueous sodium carbonate, dried, and the 
solvent removed, 2-nitro-l : 4-diethylbenzene (17*4 g.) was obtained, on distillation, as a yellow oil, 
b. p. 137 — 140°/12 mm. with some decomposition. The oil (16*6 g.) was heated on the steam-bath for an 
hour with iron filings (66 g.) and aqueous acetic acid (70 c.c. of 6%), the mixture made alkaline with 
aqueous sodium carbonate, and the base removed in steam. When extracted from the distillate with 
e^er, dried, and distilled, 2-amino-l : 4-diethylbenzene (12*6 g.) was obtained as a colourless oil, b. p. 
122°/ 13 mm. The amine was suspended in three times its volume of water, treated with a slight excess 
of acetic anhydride, the mixture boiled, and sufficient glacial acetic acid added to effect solution. On 
cooling, 2-aceiamido-\ : 4trdiethylbenzene separated in good yield in colourless needles, m. p. 154° (Found : 
C, 76*3; H, 8*8; N, 7*6. CiaHj^ON requires C, 76*4; H, 8*9; N, 7*3%). The acetyl compound (3 g.) 
was added to a solution of potassium (0*91 g.) in tert.-butyl alcohol (l9 g.), the excess of the alcohol 
distilled off, and the residue heated at 360 — 360° for 20 minutes in an atmosphere of nitrogen. When 
cold, the mixture was treated with water, and the 2 : 3-dimethyl-6-ethylindole removed in steam. It 
then separated from aqueous alcohol in colourless plates, m. p. 74°, identical (mixed m. p.) with the 
substance described above. 

After ^-diethylbenzene (10 g.) had been nitrated by adding it to nitric acid (20 c.c., d 1*5) at 0° as 
described by Voswinkel (loc, cit.), and the crude product, without distillation, reduced as described above, 
the 2-amino- 1 : 4-diethylbenzene was removed in steam and the residual hot aqueous solution filtered. 
The solid was washed several times with hot water and the united filtrates saturated with salt and 
extracted with benzene. The extract was dried, acetic anhydride (10 c.c.) added, and the whole refluxed 
for a few minutes. When cold, the bulky precipitate was collected and recrystallised from cyc/ohexanone, 
fmm which a bisacetamid(hl : Miethylbenzend (2*2 g.) was obtained in pale yellow prisms, m. p. 253 — 256° 
(toniid : C, 67*6 ; H, 7*9 ; N, 11*4. Ci4H4eO,N, requires C, 67*7 ; H, 8*1 ; N. 11*3%). 

\^h0nylcafhamyU2 : 2*dimethyl’-f^-et%yUndoline . — ^After a mixture of the indoline with a little less than 
Qfia shiOlecular proportion of phenyl isocyanate had been heated on the steam-bath for a few minutes, the 
solid, was crystallised from alcohol, and l''phenylcarhamyl-2 : Z-dimetkyh^-etkylindoline obtained in 
needles, m. p. 218° (Found ; C, 77*1; H, 7*6; N, 9*6. Ci^H^ONa requires C, 77*6; H, 7*6; 
N, 

2 : ^IHcLceiylacetaniUde, — Chromic anhydride (2*7 g.) in a little water was added to a solution of 
1 : ^diacetyl-2 : 3-dimetibylindole (3*8 g.) in glacial acetic acid (80 c.c.), the whole left for 2 hours at 
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room temperature, and then heated for 5 minotes at 70®. After the addition of water 1(300 
filtered eolution was extracted with benzene, and tbe extract shaken with aqueous sodium carbopi^; 
drM ^gSO*), and evaporated under reduced pressure. When the residue was crystallised from alc<mp, 
2 : Miacetylaceianilide (1*45 g.) was obtained in yellow needles, m. p. 103^ (Found : C, 65*9; H, #2; 
N, 6*4. C„Hi,0,N requires C, 66*8 ; H, 6*9 ; N, 6*4%), 

After l-acetyl-2 : 3-dimethylindole (3*7 g.) had been similarly oxidised and the product twice 
crystallised from water, o>acetamidoacetophenone was obtained in pale yellow needles (1*26 g.), m. p. 75* 
(Found : C, 67*7 ; H, 6*1 ; N, 8*3. Calc, for CioHjiO.N : C, 67*8 ; H, 6*2 ; N, 7*9%). 

NUraiion of 1 : 6-Diacetyl-2 : Z-dimethylindole, — Nitric acid (0*3 c.c., d 1*5) was added dropwise to a 
solution of 1 : 6-diacetyl-2 : 3-dimethylindole (1 g4.in glacial acetic acid (3 c.c.) at 80°. On cooling/ a 
wih*o*derivative (0*2 g.) slowly separated, and, after recrystallisation from acetic acid, it was obtained ^ 
practically colourless needles, m. p. 185° (Found : C, 60*9 ; H, 6*0 ; N, 10*6. Ci|Hi 404 N, requires C, 
61*3; H, 5*1 ; N, 10*2%). When the mother liquor was concentrated under reduced pressure, a sm4? 
amount of 2‘nitro-2-hydroxy-l : %-diacetyU2 : Z-dimethylindoline separated. On recrystallisation from 
acetic acid it was isolated in colourless prisms, m. p. 125° (decomp.) (Found : N, 9*8. Ci 4 H 4404 Nj 
requires N, 9*6%). 

Action of Aluminium Chloride on \-AcetyU2 : Z-dimethylindole , — After a solution of the acetyl 
compound (2 g.) and aluminium chloride (2 g.) in nitrobenzene (20 c.c.) had been heated at 115° for 20 
minutes, water was added, and the nitrobenzene removed in steam. When the residual sticky solid was 
dried, distilled under reduced pressure, and twice recrystallised from alcohol, a small amount of 
6-acetyl-2 : 3-dimethylindole was obtained in yellow* prisms, m. p. 151 — 153°, and identified by 
mixed m. p. 

I)Y.soN PERRINS Laboratory, Oxford University. [Received, February IQth, 1947.] 


326. The Stereochemistry of Organic Derivatives of Phosphorus. Part II. 
The Synthesis of 2 ; 2-Disubstituted 1:2:3: 4:-TelrahydroiBophos- 
phinolinium Salts and the Optical Resolution of 2-Phenyl-2-p-hydroxy- 
phenyl-1 : 2 : 3 : i^-tetrahydroisophosphinolinium Bromide. 

By Frederick G. Holliman and Frederick G. Mann. 

Numerous attempts to synthesise the tetrahydroi^ophosphinoline ring system by the use of 
o- 2 -bromoethylben 2 yl bromide (cf. Holliman and Mann, 1942, 737 ; 1943, 547, 550) and by 
other methods having failed, a general synthesis for 2 : 2-diaryl-l : 2 : 3 : 4-tetrahydrofso- 
phosphinolinium salts has been developed and applied to the preparation of 2-/?Aewy/-2-p-6romo- 
phenyl- and 2~phenyl-‘2-’p hydroxyphenyhl : 2 : 3 : 4i-tetrahydro\sophosphinolinium bromides^ 
Whilst the former salt resisted all attempts at resolution into optically active forms, the 
dextrorotatory form of the latter, having (iW]D 4- 32*9°, was isolated on one occasion : the 
corresponding laevorotatory form could not be obtained nor could the successful resolution 
be repeated, these failures being attributed to the formation of partial racemates. This 
represents the first recorded example of an asymmetric quaternary phosphonium salt showing 
optical activity. 

The ready resolution of 2-phenyl-2-p-chlorophenacyl-l : 2 : 3 : 4»tetrahydroisoarsmoliniuni 
bromide (I) and the high optical stability of the isomers obtained (Holliman and Mann, /., 1943, 
550), in contrast to the fleeting rotation displayed by other optically active arsonium salts 
(Burrows and Turner, 1921, 19 , 426; Kamai, Ber„ 1933, 66 , 1779; J. Gen. Chem. Russia, 
1934, 4 , 184), was attributed to the great chemical stability of the above heterocyclic ring system 
and the consequent inability for racemisation to proceed by a dissociation equilibrium : 

' [abedAs]! qprfe abcAs + dl. 

It was pointed out that such an equilibrium was almost certainly responsible for the many 
previous unsuccessful attempts to resolve quaternary arsonium salts, particularly since these salts 
always contained at least one alkyl group which would lend itself very readily to the above 
dissociation. 

It would seem that similar arguments could be put forward to explain the lack of success 
Attending some of the many attempts to resolve quaternary phosphonium salts [e.g.. Pope 
and Gibson (J ., , 1912, 101, 735) failed to resolve phenyl-p-tolylbenzylmethylphosphonium 
iodide, Wedekind {Ber., 1912, 46 , 2933) failed with phenyl-p-tolylmethylethylphosphonit*iii 
iodide, and Meisenheimer et al. {Annalen, 1926, 449 , 213) had no. success with phenylbens|rl« 
methylethylphosphonium iodide] but in the majority of cases, investigators have him 
handicapp^ by the inherent di^culties involved in the crystallisation of phosphonium si^ 
with optically active anions (Michaelis, Annalen, 1901, 815 , 43; Pope and Gibson, loc, 
Wedekind, loc. cit.; Kadclifle and Brindley, /. Sac. Chem. Jnd., 1923, 42 , 64; Kamai, /. Gm. 
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Chem. Russia, 1932, 2, 526; Davies and Mann, 1944, 276). On the other hand, evidence 
has been produced that phosphonium salts do not undergo dissociation in solution as postulated 
above (Wedekind, loc, cit,, but cf. Davies and Lewis, 1934, 1600) and it may be that when 
crystalline salts have been obtained, they have been in the form of partial racemates : if such a 
form is less soluble than either of the two diastereoisomerides, resolution is obviously impossible. 

As a sequel to the successful resolution of the asymmetric arsonium salt (I) it seemed highly 
probable that, could the analogous phosphorus compound, 2-phenyl-2-i!>-chlorophenacyl- 
1:2:3: 4-tetrahydroisophosphinolinium bromide (II), be prepared it would be possible to 



resolve it into optically active forms : crystallisation difficulties would be overcome since 
derivatives of (II) would probably be isomorphous with corresponding derivatives of (I), and in 
addition a dissociation equilibrium would be unlikely to operate. 

The application of similar methods for the S 3 mthesis of (II) to those employed for the arsenic 
analogue (I) gave only poor yields in the first stage {i,e., the Michaelis reaction between 
o-2-bromoethylbenzyl bromide, phenyldichlorophosphine and sodium in an ethereal medium 
with ethyl acetate as a catal 3 ^t to give 2-phenyl- 1 : 2 : 3 : 4-tetrahydrotsophosphinoline) as has 
already been reported (Holliman and Mann, /., 1943, 548) and subsequent attempts to improve 
the yields by varying the solvent, the proportions of the reactants, and the catalyst all met with 
no success. The reasons for this failure are not difficult to formulate. The Michaelis reaction 
is known to proceed much more slowly in the case of phosphorus halides than with those of 
arsenic : for example, bromobenzene, phosphorus trichloride, and sodium in ether require 48 
hours* refluxing to obtain a small yield of triphenylphosphine (Michaelis and Gleichman, Ber . , 
1882, 15, 801) whilst the analogous reaction with arsenic trichloride proceeds vigorously and is 
complete in a short time to give high yields of triphenylarsine (Michaelis and Reese, ibid., 
p. 2876) . On the other hand, the rate of quaternary phosphonium salt formation by the interaction 
of tertiary phosphines with alkyl halides is many times more rapid than the similar fonnation of 
quaternary arsonium salts : the reaction between phenyldiethylphosphine and ethyl iodide in 
acetone is more than 90% complete after 60 hours, whilst the corresponding reaction with the 
arsenic analogue is only 20% complete in the same time (Davies and Lewis, loc. cit.). Hence, as 
fast as the phenylisophosphinoline is formed, phosphonium salt formation takes place with the 
unreacted o-2-bromoethylbenzyl bromide. In another investigation, it was apparent that 
/?-tolyldichloroarsine took part in the Michaelis reaction with greater ease than did 
phenyldichloroarsine. Consequently, the reaction of ^-tolyldichlorophosphine with 
o-2-bromoethylbenzyl bromide and sodium was investigated in the hope that the rate of 
phosphine formation would be markedly increased relative to the rate of subsequent 
phosphonium salt formation, and that a possibly small but workable yield of 2-^-tolyl-l : 2 .•*$ : 4- 
tetrahydroisophosphinoline would result. This, however, proved not to be the case, only a 
small amount of distillate being obtained. The latter did in fact appear to be the required 
tertiary phosphine since it reacted in benzene solution with ^-chlorophenacyl bromide to give the 
crystalline 2-p-/o/y/-2-p-cA/ofo^Aenacy/-l : 2 : 3 : ^-tetrahydroisophosphinolinium bromide (as II), 
but the yield was too small to justify prolonged experimental work to accumulate sufficient of 
the phosphonium salt for resolution purposes. 

Attention was now directed to a fuller investigation of the conditions under which 
o-2-bromoethylbenzyl bromide would react with magnesium with a view to the use of the 
di-Grignard reagent, from the dibromide for the synthesis of tetrahydroisophosphinolines. 
Employing the entrainment method, i.e., admixture of the dibromide with ethyl bromide, it was 
found that reaction with magnesium would take place. Treatment of the reagent so produced 



with carbon dioxide was used as a diagnostic method for the presence of the required Grignard 
reagent, it being anticipated that p-o-carboxymethylphenylpropionic acid (III) would be 
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obtained. However, the alkali-soliible fraction of the reaction product was a mixture from 
which were isolated o-ethylphenylacetk add (IV) and a compound, which was 

probably either (V) or an isomer thereof. The isolation of these two acids would indicate 
that the di*Grignard reagent had, in fact, been produced; it then underwent coupling 
reactions and subsequent reaction with carb^ dioxide to give acids of the type (V), or only 
partly reacted with carbon dioxide to give (IV). Obviously, it is only the yield of (III) 
and (IV) which is the measure of the degree to which this type of reaction could be employed 
in the synthesis of tetrahydroisophosphinolines, and the low yield actually obtained caused this 
method to be abandoned in favour of other S 3 mtheses, which, at the time, showed greater 
promise of success. 

The impracticability of synthesising the phenyhsophosphinoHne necessary for the preparation 
of the phosphorus analogue of our arsonium salt led us to consider possible routes for the 
synthesis of a somewhat different t 3 rpe of phosphinolinium salt. The stability of this type of 
heterocyclic system has already been discussed and it has been pointed out (Davies and Mann, 
loc, cit.) that a quaternary phosphonium salt with four aryl groups attached to the phosphorus 
atom would not be susceptible to a dissociation equilibrium of the type postulated above. A 
2 : 2-diaryl-l : 2 : 3 : 4-tetrahydroi50phosphinolinium salt of type (VI) would combine both 
these features and would probably be resolvable provided difficulties 
of crystallisation could be overcome : it was of course realised that 
such a pronounced change in constitution from that of our arsinolinium 
salt would no longer offer the possibility of isomorphism, and the 
absence of the p-chlorophenacyl group, to which we have ascribed the 
high rotation Characteristic of that salt and similar salts with sulphur, 
selenium, or tellurium as the hetero-atom (Holliman and Mann, 1946, 37), might lead to a 
very pronounced decrease in any optical activity which might be observed. 

The pyrolysis of quaternary arsonium salts carrying a methyl group leads to the elimination 
of that group as methyl halide and the formation of a tertiary arsine. With quaternary 
arsonium salts of a suitable type this reaction may be employed for the synthesis of heterocyclic 
systems. For example, Lyon and Mann (/., 1945, 30) have used this reaction for the preparation 
of ^s-5pi>o-bisjsoarsindolinium bromide (VII), Holliman and Mann (/., 1946, 46) have 
analogously prepared the spirocyclic arsonium salt (VIII), and Lyon, Mann, and Cookson 
(this vol., p. 662) have synthesised the simpler heterocyclic system of 2-phenylisoarsindoline (IX) . 




-•Ar' 


(VI.) 



The application of this method to the synthesis of 2 : 2-diaryl- 1 : 2 : 3 : 4-tetrahydro«5<7- 
phosphinolinium salts was therefore investigated. Meisenheimer et ah {loc, cit,) have shown 
that the ease with which radicals are split from quaternary phosphonium chlorides is in the 
order Et > CH^Ph > Me > Pr > i^oamyl > Ph. Accordingly, phenyl-^-tolylethylphosphine was 
brought into reaction with an ^uimolecular proportion of o-2-bromoethylbenzyl bromide to 
give a crystalline, homogeneous quaternary phosphonium salt which was almost certainly 
phenyl-p^tolyl-o-(%‘hr<moethyrjbenzylethylphospkoniim bromide (X, R » Et) and not the isomeric 
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XHa-CHa-C4H4-CHjBr 


Br- 
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Br- + RBr 


salt (XI, R = Et). However, when this salt was heated under varying conditions, although 
extensive decomposition took place, none of the desired cyclised product could be isolated and 
examination of the volatile products evolved during the decomposition failed to show any 
ethyl bromide. Similar experiments involving the use of the correspondingt methyl compounds 
(X or XI ; R « Me) also proved fruitless. 

It was felt that the readiness with which tertiary phosphines form quaternary salts with 
alkyl halides could be advantageously employed for closing the tetrahydnnsophosphinoltne 
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ling, and ultimately the fallowing general synthesis of 2 : 2-diaryl-tetrahydrot5uphosphinolinium 
salts was successfully developed. 
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The compounds (XII) and (XIII) are, of course, analogous to intermediates in the synthesis 
of o-2-bromoethylbenzyl bromide and were prepared by similar methods : o-bromobenzyl 
bromide when treated with a methyl-alcoholic solution of sodium methoxide gave o-bromobenzyl 
methyl ether (XII) which was in turn converted into the Grignard reagent by the entrainment 
method and then treated with ethylene oxide to give o-2-hydroxyethylbenzyl methyl ether (XIII). 
Replacement of the hydroxyl group of the alcohol (XIII) was first attempted using phosphorus 
tribromide, but fission of the ether grouping also occurred and o-2-bromoethylbenzyl bromide 
together with wochroman were the main products of the reaction ; by the use of the theoretical 
quantity of thionyl chloride in the presence of one molecular proportion of pyridine good yields 
of o-2-chlofoethylhenzyl methyl ether (XIV) were obtained. Conversion of the chloro-compound 
into the Grignard reagent followed by treatment with a diarylchlorophosphine then gave the 
tertiary phosphine (XV). At first, difficulty was experienced in the form- 
ation of the Grignard reagent from (XIV), and again the carbon dioxide 
method was employed so that the yields of ^-o-methoxymethylphenyl- 
propionic acid (XVI) isolated gave an indication of the yields of the 
Grignard reagent under various conditions. By far the best reproducible 
yields were obtained by running a mixture of the chloro-compound with 
J mol. of ethyl bromide in ethereal solution on to ordinary magnesium turnings, although 
the chloro-compound alone would react with activated magnesium. 

When the tertiary phosphine (XV) was heated in a mixture of constant-boiling hydrobromic 
acid and glacial acetic acid, the three stages, i.e,, cleavage of the ether grouping, esterification, 
and ring closure, necessary to complete the synthesis were accomplished in one operation, 
giving good yields of the isophosphinolinium salt (VI) : a stream of hydrogen bromide mixed with 
hydrogen was passed through the solution in order that the hydrogen bromide concentration 
should be maintained and that the methyl bromide produced in the ether cleavage should be 
removed as fast as it was formed, thus being prevented from reacting with the tertiary phosphine. 

The above synthesis was first employed to prepare 2-phenyl-‘2~^-bromophenyl~\ : 2 : 3 : 4- 
tetrahydroisophosphinolinium bromide (VI ; Ar = Ph, Ar' = j^-C^H^Br) as a crystalline solid 
which with an aqueous solution of sodium picrate gave the phosphinolinium picrate. The 
intermediate phenyU^-‘bromophenyU2-(0'‘methoxymethylphenyl)ethylphosphine (XV ; Ar = Ph, 
Ar' = />-CeH 4 Br) was obtained as a colourless, viscous, high-boiling liquid which readily reacted 
with methyl iodide in ethereal solution to give the crystalline methiodide. 

For resolution, the bromide was converted by the usual method into the <f-bromocamphor- * 
sulphonate, the ^^-hydrogen tartrate and the /-JV-l-phenylethylphthalamate,* but all these salts 
were non-crystalline glasses or syrups : the di-camphorsulphonate was obtained crystalline but 
repeated recrystallisation from alcoholic ether failed to produce any evidence that a mixture of 
diastereoisomerides was present. 

The introduction of a hydroxyl group into one of the two aryl groups was considered to be a 
likely means of increasing the probability that crystalline phosphonium salts with optically 
active anions would be obtained : should these derivatives not prove suitable, benzoylation 
of the hydroxyl group or some similar procedure might again increase the crystallisability. 
Accordingly, employing phenyl-^-anisylchlorophosphine in place of the phenyl-^-bromophenyl- 
chlorophosphine previously used, we were able to prepare phenyl-i^-anisyU2-{o-meihoxymethyU 
phenyT)ethylphosphme (XV; Ar = Ph, Ar' « ^-CeH 4 'OMe), again characterised by the formation 
of the methiodide. The demethylation-ring closure procedure also resulted in the demethylation 

* For the preparation of the phthalamic acid and its conversion into the silver salt, see Mann and 
Watson, this vol., p. 510. 
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of the />-anisyl group and the crystalline ^-phenyU^^j^-hydroxyphenyUl : 2 : 3 : irUiftthydrovsO'^ 
phosphinolinium bromide (VI ; Ar = Ph, Ar' = ^-C|H 4 *OH) was thus readily obtained in high 
yield. That this product did in fact contain a free hydroxyl group was shown by its conversion 
into the acetyl derivative. 

The effect of the introduction of the hydroxyl group*" was soon apparent, as the 
di-bfomocamphorsulphonate prepared from the bromide was readily obtained in the crystalline 
state. Again, however, repeated recrystallisation from a variety of solvents failed to produce 
any indication that resolution was proceeding. 

Similarly, the d-camphorsulphonate, originally obtained as a glass, readily crystallised from 
an acetone solution, and then had m. p. 163 — 168® and [M]d + 102® in alcoholic solution. 
Slow recrystallisation from ethyl acetate-ethyl alcohol gave a first crop having m. p. 171-— 172*6*^ 
and [M]ji + 110°, whilst a second and a third crop had respectively, m. p. 163 — 167° and 
142 — 151®, [M]d + 104° and + 98*4®. That the first crop was virtually the optically pure 
d-phosphonium d^camphorsulphonate was evident since three more recrystallisations of this crop 
raised the m. p. to a constant value of 174 — 175° and the [M]d to + 113*6°. 

An alcoholic solution of the optically pure camphorsulphonate, treated at 0° with an alcoholic 
solution of calcium bromide, furnished the d-phosphinolinium bromide, m. p. 268 — 270°, with 
-f 32*9° in aqueous alcoholic solution : it is noteworthy that the dZ-phosphinolinium 
bromide had m. p. 287 — 287*6° and that the optically active salt was considerably more soluble 
than the racemic compound. A curious solvent effect was observed in methyl alcohol, solutions 
of the bromide in this solvent having very low activity : this was not due to racemisation, for 
the bromide recovered from such solutions had the normal activity when again dissolved in 
aqueous ethyl alcohol. The optical stability and purity of the active bromide is shown by the 
fact that recrystallisation ftom boiling ethyl alcohol failed to affect the rotatory power. 

The following values for the rotatory dispersion in the visible spectrum were obtained for a 
1*029% solution of the tf-bromide in aqueous-alcoholic solution. The calculated rotations are 
obtained from the equation a =» A/(X® — Xq*), where k = 0*0885 and = 0*0948, \ = 3078 a. 

Source of light. Li. Na. Hg. Hg. Cu. Zn. Hg. 


A, A 6104 6893 5780 6461 5219 4810-6 4358 

a. obs +0-31® 0-36® 0-37® 0-435® 0-48® 0-64® 0-93® 

[M]i) +30-06® 34-9® 36-9® 42-2® 46-6® 62-0® 90-1® 

a, calc +0-32® 0-35® 0-.37® 0-435® 0-60® 0-66® 0*93® 

a, obs. - a. calc -0-01® +0-01® 0-00® 0-00® -0-02® -0-01® 0-00® 


The close agreement between the observed and the calculated values indicates that the bromide 
probably possesses simple dispersion, although readings for a much greater number of 
wave-lengths would have to be obtained to establish this beyond doubt. 

In order to obtain the /-bromide, the phosphinolinium bromide was recovered from the 
second and third fractions of the rf-camphorsulphonate and then converted into the 
l-camphorsulphonate. This salt, like its isomer, was initially obtained as a glass which was 
crystallised from an acetone solution and then had m. p. 162 — 157®. When recrystallisation of 
this salt from ethyl acetate-ethyl alcohol was attempted, the hot solution rapidly began to 
deposit crystalline material and a much greater proportion of alcohol than was used in the case 
of the f/-camphorsulphonate had to be employed before solution was again obtained. In this 
case, on cooling, practically the whole of the salt was recovered with m. p. 170 — 172® and 
— 102° : further recrystallisation failed to change either the m. p. or the rotatory power. 
The salt was much less soluble than had been anticipated for the /-phosphinolinium /-camphor- 
sulphonate and conversion into the phosphinolinium bromide gave only an optically inactive 
product, m. p. 286 — 288® : it therefore became apparent that the /-camphorsulphonate was now 
crystallising as a partial racemate. Numerous attempts to re-obtain the low-melting form were 
of no avail : the less soluble, high-melting form was always obtained in the presence of nuclei, 
whilst, if steps were taken to ensure that nuclei were excluded, solutions remained supersaturated 
indefinitely. Similarly, further preparations of the ^/-camphorsulphonate always gave a product, 
m. p. 170^172®, which, by treatment with calcium bromide, furnished the optically inactive 
bromide. Attempts to extend the resolution were therefore abandoned. 

It is noteworthy that the above 2-phenyl-2-p-hydroxyphenyl-l : 2 : 3 : 4-tetrahydrots(7- 
phosphinolinium bromide is the first quaternary phosphonium salt to be resolved into optically 
active forms. The only other types of organic phosphorus derivatives {i,e,, derivatives 
containing C-P links) to be obtained in optically active forms are the tertiary phosphine oxides, 
such as phenylbenzylmethylpho^hine oxide, resolved by Meisenheimer ei aL (Bier., 1911, 44 , 



[1947] Organic Derivatives of Phosphorus. Part II. 1630 

366; Annalen, 1926, 449 , 224), and the tertiary phosphine sulphide, phenyl-^-carboxymethoxy- 
phenyl-ft-butylphosphine sulphide, resolved by Davies and Mann {he. cit.). 

Experimental. 

(All rotations were taken by use of a 4-dm. tube. M. p.s are uncorrected.) 

2 - p - Tolyl - 2 - p - chlorophenacyl - 1 : 2 : 3 : 4 • tetrahydroisophosphinoUnium Bromide (as II) . — o-2- 
Bromoethylbenzyl bromide (29 g.) and />-tolyldichlorophosphine (19*3 g., 1 mol.) in absolute ether (350 
c.c.) were treated with sodium wire (18 g., 8 atoms), and the mixture refluxed on the water-bath in a 
stream of dry nitrogen for 4 hours. After this time no apparent change had taken place and ethyl 
acetate (2*6 c.c.) was added to catalyse the reaction. After a further 4 hours* refluxing, ethyl acetate 
(2*6 c.c.) was again added and the refluxing continued for 11 hours, by which time the sodium wire had 
broken up and a heavy white precipitate had collected. The mixture was filtered and the ether removed 
by distillation in an apparatus similar to that described for 2-phenyl- 1 : 2 : 3 : 4 -tetrahydrot 5 oarsinoline 
(Holliman and Mann, loc. cit.) . The residual oil was distilled under reduced pressure : after a preliminary, 
low-boiling fraction, a small amount of distillate was collected at 150 — 180®/0T mm. The latter 
possessed a pronounced phosphine-like odour and reacted with methyl iodide to give an oily product. 
When dissolved in benzene and treated with ^-chlorophenacyl bromide, no precipitation took place, but 
evaporation to dryness, dissolution in alcohol, and subsequent addition of ether caused the precipitation 
of a white solid which was purified by precipitation with ether from an alcoholic solution. The 
phosphinolium bromide then had m. p. 227 — 230® (Found; C. 60-65; H, 5-1; Cl, 7-7; Br, 17*5. 
Qi^^as^ClBrP requires C, 60-8; H, 4-8 ; Cl, 7*6; Br, 16-9%. The Cl and Br were calculated from a 
total halogen estimation on the assumption that they were present in cqui-atomic pioportions) . 

From the low-boiling distillate, unchanged ^-tolyldichlorophosphine, b. p. 70 — 80'70*25 mm., was 
isolated, together with a fraction at 30®/0-5 mm. The latter boiled at 162® at atmospheric pressure and 
proved to be o-ethyltoluene (Found : C. 89*6; H, 9*6. Calc. forCgHig : C, 90-0; H, 10-0%). 

Reaction of o-^-Bromoethylbenzyl Bromide with Magnesium . — Preliminaiy experiments showed that 
the dibromide would not react with magnesium under the usual conditions of the Grignard reaction. 
The dibromide (13-9 g.) and ethyl bromide (5-45 g., 1 mol.) were di.ssolved in dry ether (60 c.c.), and a 
portion (5 c.c.) of this solution was added to magnesium turnings (3-6 g., 3 atoms) under ether (20 c.c.). 
After the addition of a crystal of iodine reaction soon set in and the rest of the bromide solution was added 
so that the ether was kept gently boiling without external chilling. When the whole of the solution had 
been added, the mixture was refluxed for 6 hours in an atmosphere of nitrogen, after which time only a 
small amount of magnesium remained. The cooled mixture was poured, in small portions, on powdered 
solid carbon dioxide (100 g.) covered with dry ether (100 c.c.). After being set aside overnight the 
product was hydrolysed with dilute sulphuric acid, the ethereal layer separated, and washed with water. 
The ethereal solution was shaken with 6% sodium hydroxide solution, and the alkaline extract then 
boiled to remove ether. Acidification of the cooled solution caused precipitation of an oil which 
crystallised after 2 hours' keeping at 0®. The solid was collected, washed with water, and dried (5-4 g.) . 
FwXtraction of this solid with boiling petrol (b. p. 80 — 100®) gave an insoluble residue (T4 g.), m. p. 
168 — 185®, which after repeated crystallisation from ethyl acetate gave a white, micro-crystalline solid, 
m. p. 198-^200-5® (Found : C, 72*5; H, 6-8. C 2 „H 2204 requires C, 73-5; H, 6-8%). Evaluation of 

the petrol filtrate left an oil (3-9 g.) which readily crystallised, and when recrystallised twice from water 
afforded colourless crystals, m. p. 84 — 85®, raised by another recrystallisation from petrol (b. p. 60 — 80®) 
to 85 — 86®. This compound was evidently o-ethylphenylacetic acid (Found : C, 73*0: H, 6-9. Calc. 
forC,QHi202 *. C, 73-1 : H, 7-4%) ; Mayer and English (Annalen, 1918, 417, 72) givem. p. 83-6 ". 

Reaction of o-2-Byomoethylbenzyl Bromide with Diarylalkylphosphines. — Phenyl-/)-tolylethylphosphine 
(Wedekind, Ber., 1912, 45 , 2935) in ethereal solution was treated with o-2-bromoethylbenzyl bromide 
(1 mol.) also in ethereal solution. The oily precipitate which gradually formed eventually cry.stalli.sed 
and was filtered off and cautiously washed with alcohol. The phosphonium bromide (X ; R = Et) melted 
at 146 — 148® with softening from 143° (Found: C, 56-3; H, 5-3; Br, 31-4. C. 24 Hg 7 Br 2 P requires C, 
56-9 ; H, 5-3 ; Br, 31*6%). The thermal decomposition of this salt gave only non-crystalline products 
from which no crystalline derivative could be prepared. 

By a similar method, the phosphonium salt (X; R = Me) was prepared from phenyl-/»-tolyl- 
methylphosphine (Radcliffe and Brindley, loc. cit.) and the dibromide. It was recry^tallised from 
alcohol-ether and then melted at 185 — 186® (Found : C, 55-9; H, 5-2; Br, 31-9. C'asHjsBrjP requires 
C, 66-1; H, 6*1; Br, 32*5%). Again thermal decomposition under different conditions always gave 
glassy products which could neither be crystallised nor converted into crystalline derivatives. 

o-Bromobenzyl Methyl Ether (XII). — o-Bromobenzyl bromide (200 g.) was cautiously added to a 
thoroughly chilled solution of sodium (20 g., 1-08 atoms) in methyl alcohol (600 c.c,). The mixture was 
refluxed on the water-bath for a short time, and the methyl alcohol then distilled off, a current of air 
being drawn through the mixture to avoid serious bumping. Sodium bromide was dissolved from the 
residue by the addition of water (500 c.c.), and the insoluble oil extracted with ether. The aqueous 
layer was again extracted, the combined extracts washed with water, and dried (CaCl*). After removal 
of the solvent the residue was fractionated under reduced pressure : yield 145 g. (90%), b. p. 106 — 107®/10 
mm. (Found: C,47*9; H,5-6; Br, 40-6. CgH.OBr requires C, 47-75 ; H.4-5; Br,39-8%). 

o-2-Hydroxyethylbenzyl Methyl Ether (XIII). — The Grignard reagent from o-bromobenzyl methyl 
ether was prepared by running a solution of the bromo-compound (145 g.) and ethyl bromide (26 g., 
0-33 mol.) in dry ether (300 c.c.) on to magnesium (35 g., 2-02 atoms) under ether (100 c.c.), the rate of 
addition being adjusted so that gentle refluxing was maintained whilst the mixture was vigorously 
stirred. [The magnesium used in this preparation was activated by heating with iodine as described by 
Holliman and Mann {loc, cif.).] When the addition was complete, the mixture was refluxed on the 
water-bath for 2 hours, then chilled in an ice-salt freezing mixture, and a solution of ethylene oxide 
(100 g., 3* 15 mols.) in ether (600 c.c.) slowly added during 4 hours. The product was set aside overnight 

5n 
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at room temperature, and then chilled in ice-water and hjrdrolysed cautiously with dilute sulphuric acid 
(850 C.C., 1 vol. acid : 9 vols. water). The ethereal layer was separated, washed with water, and dried 
(NagSOj , Removal of the solvent left an oil which was fractionated under reduced pressure yielding the 
ether (XIII), b. p. 152 — 164®/14 mm., as the main fraction : yield 64 g, (53%). The product was 
refractionated several times but even so gave an unsatisfactory analysis (Found: C, 74*0; H, 8*2. 
C10H14O, requires C, 72-3 ; H, 8*4%), For characterisation a sample was therefore warmed with phenyl 
isocyanate to give 2'O-methoxyfnethylphenylethyl 1^-phenylcarbamate as an oil which crystallised oh 
treatment with petrol (b. p. 60 — 80®). Two recrystaUisations from petrol gave colourless crystals, m. p. 
64—66® (Found : 72*4; H, 6*6; N, 4*96. CijHnOjN requires C, 71*6; H, 6*7; N, 4*9%). As in the 
synthesis of the corresponding ethyl ether (Holliman and Mann, loc. cit.), a forerun of 2-br6moethylalcohol 
was also obtained. 

o-2-Chloroethylbemyl Methyl Ether (XIV).— -A solution of o-2-hydroxyethylbenryl methyl ether (182 
g.) and diy pyridine (87 g., 1 mol.) in chloroform (220 c.c.) was vigorously stirred and chilled in ice-water 
whilst thionyl chloride (131 g., 1 mol.) was slowly added during 2 hours. The mixture was then 
transferred to the water-bath and reflux^ with vigorous stirring for 2*6 hours ; during the initial stages 
of this process the mixture became cloudy, an oil separated, and sulphur dioxide was evolved, but after 
1*5 hours a clear solution had again been produced. After chilling, the chloroform solution was 
repeatedly washed with water, then with a 1% solution of sodium hydroxide, and finally with water 
before drying over calcium chloride. The solvent was removed by distillation at atmospheric pressure, 
and the residue then fractionated under reduced pressure, the fraction, b. p. 131®/14 mm., being collected 
(146 g., 72%). Upon refractionation the pure o-2-chloroethylhenzyl methyl ether was obtained, b. p. 
13r/14mm. (Found : C, 65*0; H, 7*6. CioHisOCl requires C, 66 05; H, 7 0%). 

Reaction of o2-Chloroethylbenzyl Methyl Ether with Magnesium. — o-2-Chloroethylbenzyl methyl ether 
(9*2 g.) and ethyl bromide (2*72 g., 0*6 mol.) in dry ether (40 c.c.) were slowly added to magnesium 
turnings (1*8 g., 1*6 atoms). The reaction was started by gentle warming and then proceeded vigorously 
whilst the bromide solution was slowly added. After the addition was complete, the mixture was 
refluxed during 2 hours. The cooled solution was carefully poured on powdered solid carbon dioxide 
(80 g.) under ether (40 c.c.)^ The mixture was allowed to attain room temperature, treated with a 
further quantity of solid carbon dioxide (46 g.), and then set aside during 24 hours. Hydrolysis was 
performed at 0" with dilute Sulphuric acid (100 c.c., 1 vol. acid : 9 vols. water), the ethereal l^er 
separated, washed with water, and extracted with 6% sodium hydroxide solution (100 c.c.). The 
alkaline filtrate was evaporated to about half bulk, boiled with charcoal, and filtered. Acidification of 
the chilled filtrate gave a white precipitate which was collected on the filter, washed with water, and 
dried : yield 6*6 g. (68%) of the practically pure p-o-methoxymethylphenylpropionic acid, m. p. 76—78®. 
Reciy’stallisation from petrol gave colourless crystals, m. p. 77 — 78° (Found : C, 68*35 ; H, 6*95. 
C11H14O, requires C, 68*0 ; H, 7*2%). 

Phenyl-p-bromophenyl'-2-{o~methoxymethylphenyl)ethylphosphine (as XV). — The Grignard reagent was 
prepared from o-2-chloroethylbenzyl methyl ether (9^2 g.), ethyl bromide (2*72 g., 0*6 mol.) in ether (40 
c.c.), and magnesium turnings (1*8 g,, 1*6 atoms) as described above. With a stream of dry nitrogen 
passing through the apparatus, the mixture was refluxed for 2*6 hours and then chilled in ice-water, 
whilst, with vigorous stirring, a solution of phenyl-//-bromophenylchlorophosphine (16*6 g., 1*1 mols.) 
(Davies and Mann, J., 1 944, 279) in dry ether (60 c.c.) was slowly added during 20 minutes. After refluxing 
for 3 hours the mixture was set aside overnight with a stream of nitrogen passing through the apparatus to 
minimise atmospheric oxidation. The mixture was chilled and vigorously stirred whilst being hydrolysed 
by addition of a solution of ammonium chloride (26 g.) in water (100 c.c.). The nitrogen was now 
replaced by carbon dioxide and, using a suitable apparatus, the contents of the reaction flask were forced 
over by gas pressure, through a sintered-glass funnel into a separating funnel from which the air had 
been displaced by the passage of carbon dioxide. The aqueous layer was run off, and the ethereal layer 
washed with water and then dried (Na0SO4) in an inert atmosphere. The solution, filtered from the 
drying agent in carbon dioxide, was distilled from the water-bath in a stream of nitrogen. When all the 
ether had been removed, the residue was fractionated under reduced pressure, the fractions, b. p. 
130 — 160° /01 — 0*2 mm. and 200 — 230® /0*1 — 0*2 mm., being collected. The former was a colourless oil, 
presumably phenyl-^-bromophenylethylphosphine (3*1 g., representing 42*5% of the theoretical based 
on the ethyl bromide used). The high-boiling fraction was a viscous, green, highly refractive oil which 
upon redistillation gave the pure phenyh^-hromophenyl-2-(o~methoxymethylphenyl)ethylphosphine as a 
viscous, almost colourless oil, b. p. 214 — 216°/0*1 mm. (Found: C, 63*1; H, 6*6; Br, 18*65. 
CgjHgjOBrP requires C, 63*9; H, 5*4; Br, 19*3%) : yield, 12 g., 69%. 

Methiodide. An ethereal solution of the tertiary phosphine, treated with methyl iodide, rapidly 
deposited a colourless, sticky semi-solid. The solvent was decanted off, and the gum dissolved in 
alcohol, ether then being added until a slight cloudiness was produced. On standing for some days, 
a colourless crystalline precipitate collected ; this was filtered off and recrystallised from alcohol, two 
recrj'staliisations sufficing to give the pure methiodide as colourless crystals, m. p. 167 — 168° (Found : 
C, 49*6; H, 4*8; Br, 14*2; 1,22*6. CjjHjsOBrIP requires C, 49*7 ; H, 4*5; Br, 14*4; 1,22*9%. The 
Br and I were calculated from a tofil halogen estimation, it being assumed they were present in 
equi-atomic proportion). 

2-Phenyl-2’y-bromophenyl-l : 2 : 3 : ^-tetrahydroisophosphinolinium Bromide (as VI). — A stream of 
anhydrous hyefrogen bromide was generated by passing a mixture of bromine vapour with excess of 
hydrogen through a heated combustion tube and completely freed from free bromine by passage over 
metallic copper. This gas stream was passed through , a solution of phenyl-/>-bromophenyl-2-(o- 
methoxymethylphenyl)ethylphosphine (6*7 g.) in glacial acetic acid (276 c.c.) and constant-boiling 
hydrobromic acid (276 c.c.) maintained at 120° in an oil-bath. After 2 hours the acetic add and 
hydrobromic acid were distilled off in a vacuum, leaving a brown viscous mass. The latter was dissolved 
in alcohol (26 c.c.) and again evaporated to dryness under reduced pressure, finally bemg dried in a 
vacuum over concentrated sulphuric acid and sodium hydroxide. The gum failed to crystallise and was 
therefore dissolved in alcohol (100 cx.), boiled with charcoal, and filtered. The ^txate was concentrated 
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(40 c.c.)» and chilling in ice-water then gave a crystalline precipitate which was collected, washed with 
alcohol, and dried : m. p, 126 — 130®. Recrystallisation from ethyl alcoholic ethyl acetate gave 
colourless crystals of the pure bromide, m. p. 137 — 149® to a viscous cloudy liquid which resolidified and 
melted at 218 — 221®, this behaviour persisting in spite of repeated recrystallisation (Found : C, 54*3 ; 
H, 4'3; Br, 36-4. CjiHjjBrjjP requires C, 64‘66; H, 4*1; Br, 34-6%). A sample was heated in an 
oil-bath to the lower m. p. and the heating continued until solidification set in : analysis then indicated 
that no significant change had taken place (Found : C, 63-6 ; H, 4-21 ; Br, 36'7%). 

A hot aqueous solution of the phosphonium bromide, treated with an aqueous solution of sodium 
picrate, gave an emulsion from which a crystalline precipitate was readily obtained. Recrystallisation 
from alcohol gave the pure picrate as glistening, elongated, yellow plates, m. p. 186 — 187® (Found : C, 
53 3 ; H, 3*4 ; N. 6*9. Ca^HaiO.NaBrP requires C, 63*1 ; H, 3*4 ; N, 6*9%). 

Conversion of the phosphonium bromide into the ^f-bromocamphorsulphonate, the if-hydrogen 
tartrate, thef-JNT-l-phenylethylphthalamate and the if-camphorsulphonate was accomplished by the usual 
method employing the silver salt of the appropriate acid. Of these phosphonium salts only 2-phenyl-2-i^- 
bromophenyl-1 : 2 : 3 : irfetrahydroisophosphinolinium d-camphorsulphonate was obtained crystalline, m. p. 
206— -212® (Found : C, 60*1; H, 6*8. C,,H3404BrSP requires C, 60-6; H, 5*6%). A 0*326% solution 
in ethyl alcohol had aJJ* = + 0*21®, == 98*7®; the m. p. and rotation underwent no significant 

change upon rec^stallisation of the salt from ethyl-alcoholic ether. 

Phenyl-’P‘anisyl-2-‘(o-methoxymethylpkenyl)ethylphosphine (as XV). — This phosphine was prepared in 
a precisely similar manner to that described for its />-bromophenyl analogue described above, 
phenyl-/>-anisylchlorophosphine (13*9 g., 1*1 mols.), prepared according to the method of Davies and 
Mann (/., 1944, 281), being used in place of the phenyl -^-bromophenylchlorophosphinc. After the 
small preliminary fraction of phenyl-^-anisylethylphosphine, the required phosphine was collected at 
215 — 225®/0*l mm. Refractionation gave the pure phosphine, b. p. 208®/0*05 mm. (Found : C, 76*1: 
H, 7*2. CjjHggOaP requires C, 75*76 ; H, 6*9%) : yield, 11*8 g., 65%. 

In ethereal solution, the phosphine rapidly combined with methyl iodide at room temperature, the 
methiodide being precipitated as a gummy mass. The supernatant ethereal solution was decanted off, 
and the residue recrystallised from alcohol to give the pure .salt as colourless crystals, m. p. 12(h6=— 121® 
(Found: C,67*l; H,6*4; 1,25*9. C24H28O2IP requires C, 56*9; H,5*6; 1,25*1%). 

2-Phenyl-2~'p-hydroxyphenyl-l : 2 : 3 : i-tetrahydroisophosphinolinium Bromide (as VI). — Demcthyl- 
ation, bromination, and ring closure of phenyl-/)-anisyl-2-(o-methoxymcthylphenyl)ethylphosphine was 
carried out in glacial acetic acid-hydrobromic acid mixture as described in the preparation of the 
2-phenyl-2-/>-bromophenyl analogue; in this case, however, the heating at 120® was for 5 hours. 
Removal of the glacial acetic and hydrobromic acids under reduced pressure left a crystalline solid which 
was treated with a small amount of alcohol, filtered off, and washed with ether : m. p. 285 — 286®. 
Recrystallisation from methyl alcohol gave colourless crystals, m. p. 287 — 287*5®, of the pure 
2-phenyl-2-^-hydroxyphenyUl : 2 : 3 : ^-ietrahydroisophosphinolinium bromide, demethylation of the 
/)-anisyl group also having taken place (Found : C, 63*4; H, 5*2; Br, 21*0. CgiH.oOBrP requires C, 
63*15; H, 5 I. Br, 20*0%) : )rield75%. 

A solution of the phosphonium bromide (0*5 g.) in pyridine (8 c.c.) was treated with acetic anhydride 
(2 c.c.) and the mixture refluxed for 1 hour. The hot solution was filtered from the slight amount of 
solid which had separated, and the filtrate on cooling gave a crystalline precipitate, which was collected 
and washed with pyridine followed by ether. The acetyl deiivative was much more soluble in alcohol 
than the original phosphonium bromide, and recrystallisation was accomplished from alcoholic ethyl 
acetate ; the colourless crystals obtained, m. p. 100 — 103°, were deliquescent when exposed to the air, 
after 48 hours the m. p. having fallen to ca. 50®. The twice recrystallised 2-phenyU2-\i'-acetoxyphenyl~ 
1:2:3: Ai-tetrahydroisophosphinolinium bromide was dried by heating at 80®/l mm. for 3 hours before 
analysis (Found : C,62*2; H,6*6; Br. 17*2. CgsH^O^BrP requires C, 62*6 ; H.50; Br, 18*1%). 

d\-2-'Phenyl-2-^~hydroxyphenyl-\ : 2 : 3 : ^-tetrahydroi&ophosphinolinium d-Bromocamphorsulphonate . — 
A methyl-alcoholic solution of the bromide was mixed with a similar solution of silver d-broinocamphor- 
sulphonate (1 mol.). After boiling for a few minutes, the solution was filtered from the precipitated 
silver bromide and evaporated to dryness in a vacuum at room temperature. The residual oil was 
gently warmed with benzene, scratching then readily inducing crystallisation : the m. p. of the 
unrecrystallised material was 137 — 147° with softening from 130 ’, and a 1*015% ethyl -alcoholic solution 
had aj/* 4* 1'94°, -f 300®. Two recrystallisations from ethyl alcohol-ethyl acetate raised the 

m. p. to 146 — 162° but no change in rotatory power was observed : for a 1*008% ethyl-alcoholic solution, 
ay -h 1*92®, (Mjy -f 300° (Found : C, 68*7; H. 6*0; Br, 13*5. C3iH3404SBrP requires C, 59*1 ; H, 
5*5; Br. 12*7%). 

The salt was next recrj^stallised repeatedly from isopropyl alcohol. After five such recrystallisatioiis 
the m. p. was 116 — 126° in spite of intensive drying at 80®/0*l mm. Since a 1*030% ethyl-alcoholic 
solution had ai? ’ -f 2*00®, [^i?* + 305®, it was considered that resolution was not proceeding. 

Repeated recrystallisation from acetone gave a sample which consistently melted at 135 — 140® with 
previous softening. After four recrystallisations the salt in 1*080% ethyl-alcoholic solution had a}?* 
4 2*006®, [M]})* + 313®. The phosphonium bromide was precipitated from an ethyl-alcoholic solution 
of this sample of the d-bromocamphorsulphonate by treatment with an alcoholic solution of sodium 
bromide at 0®. A methyl-alcoholic solution (0*362%), however, showed no optical activity. ' 

The d-camphorsulphonate was prepared by a similar method from silver <f-camphorsulphonate. The 
gum remaining after the removal of the solvents was thoroughly freed from methyl alcohol by evacuation 
at 0*1 mm. for a prolonged period and then dissolved in acetone. After boiling with charcoal the 
filtered solution was set aside at 0°. After several days practically the whole of the solute had separated 
as a microcrystalline powder insoluble in hot acetone. This salt was apparently the dl-phosphonium 
d-^camphorsulphonate, m. p. 163 — 158® (Found: C, 67*0; H, 6*3; S, 6*8. CjjHjjOjSP requires C, 
67*6; H, 6*4; S, 6*8%). 26 G. of the phosphonium bromide gave 27 g. (representing 76% of the 
theoretical) of this salt after the a;bove process of isolation, and a 0*991% ethyl-alcoholic solution had 
«D 4“ 0*74®, [M]ir + 102°, It was far too soluble in methyl, ethyl, or w-propyl alcohol for 
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recrystalUsation, and the use of 5^^:. -butyl alcohol failed to change either the m. p. or the rotatory power. 
The salt (25 g.) was boiled with ethyl acetate (150 cx.), in which it was insoluble* and alcohol carefully 
added until complete solution was obtained (41*5 cx. required) : after boiling with charcoal and filtering, 
the solution was set aside for a few days, whereupon clusters of needles began to separate. Cryst^lisation 
was allowed to proceed at 2^ for three days, and the salt was then collected and washed, first with ethyl 
acetate-ethyl alcohol (4 : 1) and then with ethyl acetate : 6*4 g. of colourless needles, m. p. 171 — 172*5®, 
were obtained, and a 0*985% solution in alcohol had a}?* -f 0*79°, [M]©* -f 110°. The mother-liquor 
upon dilution with ethyl acetate (60 cx.) gave a second crop (6*3 g.), m. p, 163 — 167°, a 0*990% alcoholic 
solution having aS + 0*75, -f 104°. Evaporation to dryness under reduced pressure gave a 

third fraction (12 g.), m. p. 142 — 161°, aif* + 0*71°, [M]}?* + 98*4° for a 0*993% alcoholic solution. 

Three more recrystallisations of the first crop from ethyl acetate-ethyl alcohol raised the m. p. of the 
salt to 174^—176°, the optical constants then being o^* -f- 0*81°. [AfJJJ* 4- 113*5° for a 0*983% alcoholic 
solution. Further treatment failed to alter these values and the salt was evidently the optically pure 
(i-phosphonium d-camphorsulphonaie (Found : C, 68*0; H, 6*46%). 

d-2-PhenyU2-^-hydroxyphenylA : 2 : 3 : ^•teirahydroisophosphinoHniumBromide . — The cf-phosphonium 
<i-camphorsulphonate (2*2 g.) was dissolved in alcohol (20 c.c.), and the solution cooled to 0° whilst a 
similarly chilled solution of calcium bromide (6 g.) in alcohol (10 c.c.) was rapidly added. Stirring and 
scratching caused precipitation of the crystalline bromide, which was collected, and washed with two 
portions of 5 c.c. and three of 2*5 c.c. of alcohol. 1*5 G. (94%) of the pure bromide were obtained, 
m. p. 268 — 270° with softening from 263° (Found : C, 62*6; H, 6*0; Br, 20*7. CjiHggOBrP requires 
C, 63*15 ; H, 5*1 ; Br, 20*0%). A T029% solution in aqueous alcohol (2 vols. alcohol : 1 vol, watei^ had 
ay‘ + 0*34°, [MJl?- 4- 32*9°^' 

Recrystallisation from alcohol failed to affect the m. p. or to cause any significant change in the 
rotatory power : for a 1*010% solution in aqueous alcohol, aif" 4- 0*34°, [Mjjf* 4- 33*7° (values for 
other wave-lengths for a 1*029% solution of this recrystalUsed material are given in the table on p. 1638) 
(Found: C, 62*7; H, 4*9; Br. 20*16%). 

With methyl alcohol as solvent a marked decrease in rotatory power was observed ; a T032% 
solution had a}j’ 4~ 0*05°, [MJjfJ* 4- 4*8°. The bromide was recovered from the solution by evaporation 
in a vacuum and a 0*941% solution of this material in aqueous alcohol had ojJ* 4- 0*31°, [Af]i) 4* 32*9°. 

The Phosphonium X-Camp^orsuiphonate, — The phosphonium bromide was recovered from the second 
and the third fraction of the d-camphorsulphonate by precipitation with calcium bromide as described 
above, and was then converted into the /-camphorsulphonate by the usual method. The glass obtained 
by evaporation of the methyl-alcoholic solution was crystallised from acetone and then had m. p. 
152 — 167°. When recrystallisation was attempted from ethyl acetate-ethyl alcohol, in the proportions 
used for the if-camphorsulphonate, the hot solution initially obtained began to deposit a crystalline 
precipitate and considerably more alcohol was required before solution could be re-obtained {14 g. of the 
salt in ethyl acetate (90 c.c.) required 47 c.c. of alcohol]. On cooling, a crystalline precipitate of 
\-camphorsuiphonate rapidly separated : 1T8 g., m. p. 170 — 172°. This had a}?* — 0*73°, [M]3f — 102° 
for a 0*950% solution in alcohol (Found : C, 68 1; H, 6*3. CaiHjjOaSP requires C, 67*6; H, 6*4%). 
Evaporation of the mother-liquors left a solid residue, m. p. 165—168°, aj>* — 0*72°, — 101° for a 

0*945% alcoholic solution. 

The phosphonium bromide was regenerated from a sample of the first crop ; this had m. p. 286 — 288° 
and proved to be optically inactive in aqueous-alcoholic solution, iA which solvent it was considerably 
less soluble than the rf-phosphonium bromide described above. 

Repeated attempts to recrystallise the /-camphorsulphonate from ethyl acetate-ethyl alcohol showed 
that it was much less soluble than the rf-phosphonium if-camphorsulphonate, and a product, m. p. 
170 — 172°, was always obtained. It was redissolved in methyl alcohol, the solution taken to dryness, 
and the glass crystallised from acetone in the hope that the low-melting form could be again obtained, 
but such methods led invariably to a product, m. p. 170 — 172°, evidently a partial racemate of the 
(//-phosphonium /-camphorsulphonate. In a similar way, further preparations of the d-camphorsulphonate 
led to a high-melting product from which the inactive bromide, m. p. 286 — 288°, was regenerated. 

We are indebted to Mr. F. C, Baker for a considerable amount of assistance in the preparation of 
chlorophosphines. 

University Chemical Labor-xtory, Cambridge. [Received, February \0th, 1947.] 


327. Reduction by Dissolving Metals. Part V. 

By Arthur J. Birch. 

Potassium amide in liquid ammonia conjugates the double bonds of 2 : 5-dihydroanisoles 
with formation of 2 : 3-dihydroanisoles, which give adducts with maleic anhydride and are 
reduced by sodium in^ammonia chiefly to allmcyc/ehexenes, but by sodium and alcohol in 
ammonia chiefly to alkyltetrahydroanisoles. With alkyl-2 : 5-dihydrobenzene3, instead of the 
conjugated dienes, the products are chiefly the alkylbenzenes, and the conjugated compound 
4 : 6-dihydro-m-xylene gives m-xylene under the same conditions. Also observed are the 
transformations : 2 : 4-dimethylhexa-l : 5-diene — : 4-dimethylhexa-2 : 4-diene; oct-1- 

ene — >-oct-2-ene; 4-phenylbut-l-ene — 4-phenylbut?2-ene ; 3-butoxy-2-methylpropene 
— •^Ubutoxy-2-‘metkylpropene: 3-methoxycyc/uhexene — >^a mixture of cyeldhexene and 
benzene ; a number of hydrocarbons are unchanged. 

The bond migrations are postulated as tidc^ place through anions formed by loss of a proton 
from an allyl position. The theory is related to the effects of alkyl substitution on the ease of 
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the process, and applied to a consideration of some reduction phenomena with sodium in 
ammonia and with calcium hexammine. 


In Part III (/., 1946, 593) it was found that the a3-dihydro*derivatives obtained by the reduction 
with sodium and alcohol in liquid ammonia of methoxy alkyl-, dimethylaminoalkyl-, and 
alkyl-benzenes were further reduced by sodium and ammonia or by calcium hexammine. 
Intermediate conjugation of the double bonds was postulated as taking place through a 
mesomeric anion formed by loss of a proton to the anionoid reagent (either sodium, or calcium 
hexammine, or the sodium or calcium amide formed in increasing amount as the reaction 
proceeds). Farmer, Koch, and Sutton (/., 1943, 546) have postulated a similar intervention of 
mesomeric allylic radicals to explain the formation of conjugated peroxides from non-con jugated 
dienes in oxidation reactions. 

Conjugated compounds have now been produced from the methoxyalkyl-aS-dihydrobenzenes 
by the action of the amides of sodium or potassium in liquid ammonia (the latter preferred 
because of its solubility) ; the deep red-brown colour of the solution confirms the formation of a 
mesomeric carbanion in the process. The products (e.g., I) were identified as conjugated by the 
formation of crystalline maleic anhydride adducts, by their light absorption at X^ax. 2700 a., 
and by their ready reduction with sodium and alcohol in ammonia. They must have a 
disposition of double bonds relative to the methoxyl group of type (I) rather than (II) or (III, 
R = OMe). Acid hydrolysis produced unsaturatcd ketones, rather than hydrocarbons, thus 
eliminating (II), and the maleic anhydride adducts did not behave as the enol ethers of ketones, 
and were therefore of type (IV) corresponding to (I) rather than of type (V) corresponding to 
(III, R = OMe). Also, the product from 2 : 5-dihydro-/>-tolyl methyl ether must be 
2 : ^-dihydro-^-tolyl methyl ether since it gave rise to the 2 : 4-dinitrophenylhydrazone of 
4-methykvr/ohex-3- rather than -2-enone. 
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The conjugated compound from 2 : 5-dihydro- wi-tolyl methyl ether is formulated as (I, 
R = Me) since acid hydrolysis gave 3-methylcyc/(?hex-2-enone, not the alternative 5-methyl- 
f;yc/ohex- 2-enone to be expected from (VI, R = GMt). Further confirmation came from its 
reduction products. Sodium and alcohol in ammonia gave a little l-methylcyc/ohexene (VII, 
R = H) and preponderantly 1 -methoxy- 3- methylcyc/ohexene (VIII), acid hydrolysis of which 
produced 3-methylcyc/ohexanone, and permanganate oxidation a-methyladipic acid. Sodium 
in ammonia gave mainly (VII, R = H) and a little (VIII). The hydrocarbons similarly 
obtained from the dihydro-u- and -/>-tolyl methyl ethers were identified by their infra-red 
absorption spectra as mixtures of methylcyr/ohexenes : ortho-, the 4-methyl- two parts, and the 
1- and 3-methyl one part each; para-, one part each of the 1-, 3-, and 4- methyl. The 
2 ; 6-dihydro-derivatives from 3 : 6-dimethyl- and 2 : 6-dimethyl-anisole gave by the prolonged 
action of sodium in ammonia (doubtless with intermediate conjugation) small amounts of 
l-methoxy-3 : 5- and -2 : 6-dimethykyc/ohexenc (hydrolysed by acid to 3 : 6-dimethyl- and 
2 : 6-dimethyl-cy^/(?hexanone) together with the same hydrocarbon, identified as 2 : 4-dimethyl- 
cyc/uhexene by comparison of its deriN’^atives with those obtained from an authentic specimen. 
1 : 2-Dimethoxy-3 : 6-dihydrobenzene gave anisole by the action of potassium amide in ammonia, 
probably by way of the intermediate (X). 

The formation of conjugated derivatives of type (I) can be explained by assuming that a 
proton is removed from the CHg adjacent to the methoxyl group, and that the anion then adds a 
proton with the final result of pivoting the enol double bond about this group. This is 
particularly clearly shown by the formation of (I, R = Me) rather than (VI, R — OMe) from 
dihydro-w-tolyl methyl ether. Some dehydrogenation which accompanies the isomerisation 
may be explained by loss of a hydrogen anion from the intermediate salt (compare the 
hydrocarbons on p. 1644). 
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Addition of the alkyldihydrobenzenes such as 2 : 5-dihydrotoliiene (IX) or 2 : 5-dihy4ro-fit- 
xylene (XI) to potassium or sodium amide in liquid ammonia gave a red colour, but the recovered 
product contained little, if any, of the conjugated diene, the chief constituent being the ammatic 
hydrocarbon together with a little of the alkyltetrahydrobenzene and polymeric material. The 
product obtained by acting on 2 : 5-dihydrotoluene with sodium amide for a short time gave rise 
to a trace of a maleic anhydride adduct, probably derived from 1-methylcyc/ohexa-l : 3-*diene, 
since it was not identical with that obtained from 1-methykyc/ohexa-l : 5-diene. That 
ryt?/ohexa-l : 3-dienes themselves can be dehydrogenated by the reagent was i^own by the 
production of m-xylene from 4 : 5-dihydro-w-xylene, the red colour of the intermediate ion 
being visible in this case also. These ions must be similar in type to those from the unconjugated 
dienes, and both can assume the stable aromatic configuration by the expulsion of a hydrogen 
anion. The dehydrogenation may be compared with the formation of naphthalene and lithium 
hydride by the action of phenyl lithium on 1 : 4-dihydronaphthalene (Gilman and Bradley, 
J. Amer, Chem, Soc., 1938, 60, 2333). The source of the small amount of tetrahydrobenzene 
derivative in the aromatic product is not certain, but in view of the small reducing power of 
sodium hydride (Swamer and Hauser, J, Amer, Chem. Soc,, 1946, 68, 2647) it may have been 
present in the starting material. 

The formation of a considerable proportion of tetrahydrobenzene derivative by the action of 
sodium in ammonia or of calcium hexammine on the unconjugated compound must have been 
due to reduction of the conjugated compound as it was produced ; this also agrees with the 
fact that less polymeric material was formed. Even here, however, some aromatic material 
appeared (see 2 : 5-dihydrotoluene). It is noteworthy that the same ratio of 1- to 3-methykyc/u- 
hexene was obtained from toluene or 2 : 6-dihydrotoluene, irrespective of which reduction 
process was employed, and that reduction of 4 : 6-dihydro-w-xylene (III ; R, R' == Me) gave 

1 : 3-dimethyky^;/ohexene (VII, R = Me) already obtained from w-xylene and 2 : 6-dihydro-w- 
xylene (Part III, loc. cit.). The fact that alkylcy^^/ohexenes are unaltered by the reageqts makes 
it possible to draw conclusions about the reduction intermediates from the position of the double 
bond in these products. 

The reason for the observed difference in the rate of dehydrogenation of the dihydroanisole 
and dihydrobenzene derivatives may be due to the higher energy of the anions with the latter due 
to the inductive effect of the alkyl groups ; this may be correlated with the fact that, although 
some conjugated material was detected in the case of dihydrotoluene, none was observed with 
the more highly alkylated dihydro-fn-xylene. That methoxyl groups have a stabilising effect 
on anions except when the charge is forced to reside on the occupied or para-carbon atoms 
is clear from a number of results obtained in Part IV (this vol., p. 102) and from the fact that 

2- methoxynaphthalene is reduced mainly in the occupied ring. 

Hydrocarbon. Reagent. Product. 

2 : 5-DihydrotoIuene KNHj.NHg Toluene ; methykyc/ohexene (tr.) 

2 : 5-Dihydro- w-xylene KNH 2 ,NHg w- Xylene 

4 : 6-Dihydro-m-xylene KNHj,NH 3 w-Xylene 

Oct-l-enc KNH„NH8 Oct-1 -ene, 80% ; oct-2-ene, 20% 

2 : 5-Dimethylhexa- 1: 5-diene ... KNHa,KH 3 2 : 6-Dimethylhexa-2 : 4-diene 

4-Phenylbut-l-ene KNHj.NHj 4-Phenylbut-2-ene( ?) ; polymer 

3- Methyl-, 1 : 3-dimethyl-, 2 : 4-di- KNH 2 ,NH 3 or Unchanged 

methyl-cyc/ohexene ; d-limonenc, Ca(NH8)8 

<^-sylvestrene, methylgeraniolene, 

1 : 2 : 3 : 4 : 1' : 2' : 3' : 4'-octa- 


hydrodiphenyl 

2 : 5-Dihydrotoluene Na,NH 3 1-Methykyc/ohexene, 60% ; toluene, 40% ; 

3-methykyc/c?hexene, 10% 

2 : 5-Dihydrotoluene Ca(NH 3 )g l-Methykyc/ohexene, 80% ; 3-methylfy^/u- 

hexene, 10% 

2 : 6-Dihydro-w-xylene Na,NHj; Ca(NH 3 )g 1 : 3-Dimethyky(;/ohexene ♦ 

4 : 5-Dihydro-w-xylene Na,EtOH,NH 3 1 : 3-Dimethykyc/dhexene 

Toluene Ca(NHa)e l-Methykjyc/ohexene, 80% ; S-methylcydo- 

hexene, 20% 

4-Phenylbut-l-ene Na,NH8 Phenylbutane 


♦ Part III, loc. cit . ; the constitution of the product is proved in the present paper. 

The ability to conjugate depends on the ability to form the alkali-metal salts and therefore 
on the presence of a relatively acidic hydrogen atom, which, with the cycfohexadienes, is due to 
stabilisation of the anion resulting from proton removal by resonance of the charge with the ends 
of the two doable bonds. The prodncldon of the conjugated compound on addition of a proton 
to this ion is, of course, due to the lower energy of the double bonds in conjugation. It has 
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already been pointed out (Part II, 1945, 809) that the lower the degree of alkylation of the 
end carbon atoms of a mesomeric anion of type (XII) the more readily it is formed, i.e., the more 
acidic the proton whose removal produces it. This is further confirmed by the work of Morton, 
Brown, Holden, Letsinger, and Margat (/. Amer, Chem. Soc., 1945, 67, 2224) on the direct 
metallation of alk 3 dethylenes. These ideas may be applied to predict that the conjugation of 
1 : 3-dimethyl-2 : 6-dihydrobenzene (XI), which might proceed through (XIII) or (XIV), 
should take place through the latter, since the negative charges would reside on less alkylated 
carbon atoms at the ends of the mesomeric system. This is confirmed by the production of 
1 : 3-dimethylcyc/ohexene (VII, R = Me) by sodium in ammonia reduction, since this could 
hardly be derived from (XIII) through (VI, R = Me), and is given by (III; R = R' = Me) 
derivable from (XIV). 
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With compounds having double bonds insulated from one another by two saturated carbon 
atoms the conditions for migration are less favourable, since removal of a proton in the allyl 
position gives an anion in which the charge can resonate with only one double bond. The 
double bond in oct-l-ene was moved in part to the 2-position, and in this case the mesomeric 
anion has a low degree of alkylation, having at its ends CHg and CHR. This is also true of the 
initial stage of isomerisation of 2 : 6-dimethylhexa-l : 6-diene (XV) to 2 : 5-dimethylhexa- 
2 : 4-diene (XVI) (the compound has also been reduced by means of calcium hexammine ; 
Kazanskii and Glushnev, Bull. Acad. Sci. U.R.S.S., 1938, 1065) and of the isomerisation of 
4-phenylbut-l-ene (XVII) to l-phenylbut-2-ene and a polymer, probably derived from 
1-phenylbut-l-ene; (XVII) was also reduced to phenylbutane by the prolonged action of 
sodium in ammonia. The second unsaturated centre must have some influence, however, since 
isomerisation in these cases is much readier than with oct-l-ene. Substitution of the 
hexa-1 : 6-diene with saturated carbon atoms at the ends of the potential resonating ion, e.g., in 
methylgeraniolene (XVIII), £?-limonene (XIX), and 1 : 2 : 3 : 4 : 1' : 2' : 3' : 4'-octahydrodi- 
phenyl (XX), prevented isomerisation with potassium amide in ammonia or reduction by 
calcium hexammine; more surprisingly, sylvestrene (XXI) was also unaffected. Several of 
these compounds should have relatively acidic hydrogen atoms present in methyl groups, but 
the anion formed by loss of a proton should merely regenerate the starting material. Production 
of the anion (XXVI) from ^-limonene would result in re-formation of the starting material in the 
racemic form ; in fact, the rotation was unaltered. This agrees with the observation that the 
double bond in alkylcy^;/ohexenes was not moved. 

3-Butoxy-2-methylpropene (XXII), the resonating anion from which would contain CHj 
and CHR, was isomerised to l-butoxy-2-methylpropene (XXIII), but no 1-methoxycyc/o- 
hexene was obtained from 3-methoxycyc/ohexene, loss of methyl alcohol producing a 
hydrocarbon analysing for £:y(;Iohexadiene. It gave no reaction with maleic anhydride, and its 
physical properties indicated a mixture of benzene and cyc/ohexene.* 

* Added in Proof , — ^For a further discussion of the relationship between structure and acidity see 
Birch, Faraday Society Discussion, 1947, ** Labile Molecules (in the press). 



1646 Birch : Reduction by Dissolving Metals. Part V. 

Heductioii of the conjugated cy^hhexadienes can be explained by the initial addition of two 
electrons to the system. With the hydrocarbons the bivalent anions so formed then abstract 
two protons from the alcohol or ammonia; in the case of the methoxy-compounds this may 
occur, and is naturally favoured by the presence of more readily available protons from alcohol, 
or a methoxyl anion may be expelled with addition of another electron and finally two protons 
to give an alkylcyc/ohexene. This seems to be confirmed by the fact that 2-ethoxy-3 : 4-di- 
hydronaphthaiene gave with sodium in ammonia, with or without alcohol, tetrahydronaph- 
thalene as the first recognisable product. It also explains the formation of the same 
dimethykyc/ohexene from the dihydro-derivatives of 2 : 6- and 3 : 6-dimethylanisole by way of 
the conjugated (XXIV) and (XXV), which would give the same anion after expulsion of the 
methoxyl. It is noteworthy that dimethyl-2 : 6-dihydro- wi-toluidine did not give rise to any 
hydrocarbon, the product containing the tetrahydroamine, and this may be correlated with the 
greater energy of formation of the dimethylamino- than of the methoxy-anion. 

It is necessary to determine the positions of addition of nascent hydrogen to asymmetrical 
alkyky^?/<?hexadienes before further conclusions can be drawn; evidence is already available 
that it may occur in both the a^- and the a8-positions. 

Experimental. 

Alkyl-2 : Z-dihydroanisoles. — The alkyl-2 : 5-dihydroanisoles were prepared from the alkylanisoles by 
reduction with sodium and alcohol in liquid ammonia as described in Part III (loc. cit.) under the 
preparation of the derived ketones. The compounds (10 g.) were conjugated by dissolving them in a 
solution of potassium amide (from the metal, 2 g.) in ammonia (100 c.c.) and stirring for 1 J hours. Water 
was then added very cautiously to the dark red solution, the oil taken up in ether, dried (KjCO,), and 
distilled. It is unlikely that conjugation is^ brought about by the caustic alkali formed during Working 
up, since it could not be accomplished with boiling 16% alcoholic potas.sium ethoxide. The maleic 
anhydride adducts were prepared by addition to excess of the anhydride in benzene and 6 hours’ standing. 
Material boiling up to 120®/ 10 mm. was then removed, the product extracted from polymeric material 
in the residue with ether and crystallised from benzene-light petroleum with the aid of a little fuller’s 
earth. 

The reduction of the conjugated compounds was carried by two methods. {A) A solution of the sub- 
stance (6 g.) and sodium (4 g.) in ammonia (70 c.c.) was left for 30 tninutes, excess of ammonium chloride 
added, then water (70 c.c.), and the oil separated with the aid of a centrifuge if necessary ; owing to the 
volatility of the methylcyc/ohexenes in boiling ammonia only 2 — 2*6 g. of product were obtained. 
(B) The substance (10 g.) in ammonia (100 c.c.) and alcohol (10 g.) was gradually reduced by the addition 
of sodium (6 g.) over 3 hours with stirring, and the product worked up as above. 

2 : 5-Dihydroanisole (b. p. 148 — 150®) gave 2 : Z-dihydroanisote (6-2 g.), b. p. 145®, 1-4902, 

W 2690a., €„ax. 4660 (Found: C, 76-1; H, 9-2. C^HjoO requires C, 76-4; H, 9-1%). Cold 
2 : 4-dinitrophenylhydrazine sulphate in alcohol indicated a 91% content of dihydro-compound, and the 
derivative formed, m. p. 140 — 146®, appeared to be a mixture of the cyc/ohex-3-enone derivative, m. p. 
134®, and the A*-derivative, m. p. 167®. Brief refluxing with alcoholic sulphuric acid gave the latter. 
The maleic anhydride adduct had m. p. 91® (Found : C, 63-3; H, 5-8. CJ1H12O4 requires C, 63-4; H, 
6-8%). This was unaflected by Brady’s reagent. 

Reduced by method (B), 2 : 3-dihydroanisole gave l-methoxyi^yc/ohexene, b. p. 140 — 146°, which 
readily gave rise to cyc/ohexanone 2 : 4-dmitrophenylhydrazone, m. p. 166 — 167®. 

The mixture of 3 : 6- and 2 : 6-dihydrd-o-tolyl methyl ether obtained by reduction of o-tolyl methyl 
ether (Parts I and III, loc. cit.) gave a compound (chiefly 2 : 3-dihydro-o-tolyl methyl ether?), b. p. 
166 — 160® (Found : C, 77*3 ; H, 9-3. CgH^O requires C, 77-4 ; H, 9-7%). Continuation of the reaction 
for 61 hours gave a product, b. p. 166-:-167°, which appeared to be mainly o-tolyl methyl ether (Found : 
C, 79-1 ; H, 8*3. Calc, for C(,Hj,oO : C, 78-7; H, 8*2%). Reduction of the conjugated diene mixture by 
method (A) gave a fraction, b. p. 100-~104®, shown by its infra-red absorption to contain a mixture of 
methyky^^Miexenes : A®- two parts. A*- and A*- one part each. 

2 : 5-Dihydro-w-tolyl methyl ether gave 5 : ^dxhydro-m-tolyl methyl ether, b. p. 165 — 167® (Found : 
C, 77-6; H, 9-7. CgHi^O requires C, 77*4; H, 9*7%). The maleic anhydride adduct crystallised from 
benzene-light petroleum in prisms, m. p, 77® (Found : C, 66*2 ; H, 6*3. C„Hi404 requires C, 64-9 ; H. 
6-3%). Treatment with 2 : 4-dinitrdphenylhydra2me sulphate in hot alcohol gave the derivative of 
3-methyl£yc/ohex-2-enonq, m. p. 174-~176®. Reduction by method {A) gave chiefly a fraction, b. p. 
106—110®, w}?* 1-4500 (Found: C, 87*4; H, 12*6. Calc, for C^H,, : C, 87*6; H, 12*6%). The 
nitrolpiperidine, m. p. 146 — 147®, and its infra-red absorption spectrum showed this hydrocarbon to be 
1-methykyc/ohexene. A small fraction, b. p. 166 — 162®, gave rise to the 2 : 4-dinitrophenylhydrazone 
of 3-methylcydohexanone, m. p. 164®, and a few drops of material, b. p. 162-=-172®, appeared to contain 
w-tolyl methyl ether. Reduction by method (B) gave a trace^of a fraction (i) b. p. 110 — 116®, and 
mainly l-methoxy-3-methylcyclohexene (ii), b. p. 166 — 160®, ny* 1*4660. Hydrolysis of this by boiling 
with 10^ sulphuric acid for an hour, conversion of the oil into a solid bisulphite compound, and 
regeneraition gave 3-methylcyc/ohexanone, b. p. 166®;. 2 : 4-dinitrophenylhydrazone m. p. 155®, 
semicarbazone m. p. 1 80®. Oxidation of (ii) with potassium permanganate in acetone gave an acid which 
did not crystallise, but readily formed the dianilide of a-methyladipic acid, m. p. 173® (Found ; C, 78*7 ; 
H, 7*4. Calc, for Cj^HmOiN, : C, 73-6; H, 7*1%). Bouveault and Locquin (Bull. Soc. chim., 1908, 
8, 461) give m. p. 174 — 176®. 

2 : 6-Dihydro-/>-tolyl methyl ether (b. p. 168 — 170®) gave 2 : Z-dihydro^p^tolyl methyl ether, b. p. 
166— -167®, Aatt. 2720, €«*x. 4060 (Found : C, 77-6; H. 9*7. CgH^O requires C, 77-4; H, 9*7%), giving 
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with cold Brady's reagent the 2 : 4-dinitrophenylhydrazone of 4-methyky^/ohex-3-enone, m. p. 122'^, 
converted by hot dilute alcoholic sulphuric acid into the derivative of 4-methylcydohex-2-enone, m. p. 
174®. The maleic anhydride adduci had m. p. 85 — 86® (Found : C, 64*8; H, 6*3. C12H14O4 requires 
C, 64*9; H, 6*3%). Reduction by method (A) gave a hydrocarbon fraction, b. p. 103 — 106° (Found : 
C, 87*3 ; H, 12*7. Calc, for C7H11 : C, 87*5 ; H, 12*6%). This was shown by its infra-red absorption to 
contain about one part each of 1-, 3-, and 4-methylcyc/ohexene. Reduction by method (B) gave chiefly 
a fraction (\-methoxy-4k-methyloyc\ohexme), b. p. 167—162° (Found : C, 76*0; H, 10*6. C8H14O requires 
C, 76*2; H, 11*1%), which on acid hydrolysis and bisulphite puriflcation gave 4-methylcyc2ohexanone, 
b. p. 166 — 167°, semicarbazone m. p. 196°. 

In order to investigate the ease of dehydrogenation in this case the conjugation reaction was continued 
for (i) 2i hours and (ii) 5^ houis, giving as the products : (i), b. p. 165—167° (Found : C, 77*4; H, 9*8. 
Calc, for CsHigO: C. 77*4; H, 9-7%), Auui*. 2720. 3640; and (ii). b. p. 166—170° (Found: C, 

77*9; H, 9*3. Calc, for CgHijO : C. 77*4; H, 9*7%). The latter by estimation with Brady's reagent 
showed only about a 60% content of methyldihydroanisole. Dehydrogenation had thus taken place, 
although to a smaller extent than with the dihydro-o-tolyl methyl ether. 

2 : 6-Dihydroveratrole (Part IV, loc, cit.) gave rise to anisole, b. p. 145 — 150°, unaffected by Brady's 
reagent and demethylated to phenol. 

Reduction of Z : 6- and 2 : Q’-Dimethylanisole. — ^These compounds (10 g.) were reduced in ammonia 
(100 c.c.) with sodium (6 g.) and alcohol (5 g.), a further amount of sodium (6 g.) added, and the mixture 
left for 10 hours and worked up as usual. 

3 : 6-Dimethylanisole gave (i), b. p. 125 — 130° (2-4 g.), and (ii), b. p. 185 —195°. Fraction (i) gave a 

good yield of a nitrolpiperidine as colourless prisms from methyl alcohol, m. p. 146 — 147° (Found : C, 
69*4; H, 10*6. Ci3H240N2 requires C, 69*6 ; H, 10*7%), undepressed by the derivative of 2 : 4-dimethyl- 

cyc/ohexene. Fraction (ii) seemed to be largely starting material, but reacted with Brady's reagent to 
give the 2 : i'-dinitrophenylhydrazone of 3 : 5-dimethylcyc/ohexanonc, m. p. 155 — 167° (Found : C. 54*2; 
H, 6-0. Ci 4H,804N4 requires C, 64*7; H, 6T%). Two stereoisomers are i)ossible, and there is no 

evidence as to whether one or a mixture was present. 

2 ; 6-Dimethylanisole gave (i), b. p. 126 — 130° (1*1 g.), and (ii), b. p. 160 — 170° (0-5 g.), together 
with a higher fraction of starting material. Fraction (i) gave the nitrolpiperidine, m. p. 146 — 147°, of 
2 : 4-dimethylc:yc/ohexene. Fraction (ii) gave the 2 ; ^-dinitrophenylhydrazone of 2 : 6-dimethylcyc/o- 
hexanone, m. p. 149 — 150°, also possibly a mixture of stereoisomers (Found : C, 55‘0; H, 6-9. 
C14H18O4N4 requires C, 54*7 ; H, 6*1%). 

The 2 : 4-dimethykyc/ohexene required for comparison was synthesised by reducing jw-4-xylenol 
with Raney nickel and hydrogen at 150°/100 atm., esterifying the resulting 2 : 4-dimothylcyc/ohexanol 
with palmitic acid, and distillation of the ester at 340 — 360°. It had b. p. 124 — 125° (Found : C, 87*1 ; 
H, 12*7. Calc, for C8H14 : C, 87*3; H, 12*7%). In order to ensure that no movement of the double 
bond had taken place, the hydrocarbon was oxidised with potassium permanganate in acetone, and the 
resulting acid gave )5-methyladipic dianilide, m. p. 198° (Found : C, 73*0; H, 7-2. Calc, for C18H22O2N2 : 
C, 73*5; H, 7*1%), Markownikoff (/. Russ. Phys. Chem. Soc., 1903, 35, 226) gives m. p. 197 — 198°. 
Addition of nitrosyl chloride gave a solid which was refluxed with sodium acetate in acetic acid and 
hydrolysed with dilute mineral acid to a ketone, b. p. 93 — 96°/16 mm. (cf. Wallach, Annalen, 1913, 395. 
275; 397, 198). This gave rise to a 2 : ^-dinitrophenylhydrazone as bright red needles (from ethyl 
acetate-alcohol), m. p. 183—184° (Found : C, 66*0; H, 5*4. Ci4Hie04N4 requires C, 65*3; H, 5*3%), 
which must be derived from 2 : 4-dimethylcyc/ohex-2-enone, since it is not identical with the derivatives 
from 2 : 6-dimethyl-, m, p. 153°, from 3 : 6-dimethyl-, m. p. 165°, or from 4 : 6-dimethyl-i;yc/ohex-2-enone, 
m. p. 164^ — 165°. The semicarbazone had m. p. 167 — 168° (Found: C, 69*5; H, 8*3. Calc, for 
CgHjftONa : C, 59*7; H, 8*3%). This examination was necessary, since Wallach (loc.^ cit.) gives m. p. 
130—131° for the nitrolpiperidine and m. p. 194 — 195° for the semicarbazone obtained as above. 

Methallyl butyl ether, obtained from sodium «-butoxide and methallyl chloride, b. p. 135 — 137 
1*3942, gave l-buioxy-’2-methylpropene , b. p. 138—140°, 1*4230 (Found : C, 75*0; H, 12*6. 

CgHjgO requires C, 76*0; H, 12*5%), which, unlike the starting material, gave the 2 : 4-dinitrophenyl- 
hydrazone of tsobutaldehyde on boiling with Brady’s reagent, m. p. 182° (Found : C, 47*6; H, 4*8. 
Calc, for C10HUO4N4 : C, 47*4; H, 6*1%). Mathiesssen and Hagedorn {Mikrochem., 1941, 29, 58) give 
m. p. 183*5—185°. 

3-Methoxyt;y^:/<7hexene (Berlande, Bull. Soc. chim., 1942, 9, 653) gave a hydrocarbon, b. p. 78 — 82°, 
wJJ* 1*4720 (Found : C, 89*6; H, 10*4. Calc, for CeHg : C, 90*0; H, 10*0%). It was unsaturated, but 
did not react with maleic anhydride and was probably a mixture of cyc/ohexene and benzene. A small 
higher-boiling fraction contained no 1-methoxycyc/ohexene since it failed to react with Brady’s reagent. 

Action of Sodium or Potassium Amide on Unsaturated Hydrocarbons. — The metal (2 g.) in ammonia 
(100 c.c.) was converted into the amide by the catalytic action of ferric nitrate, the hydrocarbon (10 g.) 
added, and the mixture stirred for 6 hours with exclusion of air. The product was worked up by addition 
of ice and ether extraction ; in many cases considerable loss of material occurred by volatilisation. 

2 : 5-Dihydrotoluene was obtained by reduction of toluene with sodium and alcohol in liquid ammonia, 
(cf. dihydro-m-xylene. Part III); b. p. 114—115°, wif* 1*4696 (Found: C, 89*2; H, 10*7. 
requires C, 89*4; H, 10*6%), nitrolpiperidine m. p. 122 — 123°. It gave rise to a product, b. p. 108 — 110°, 
1*4890 (Found : C, 90*4; H, 9*3. Calc, for C^Hg : C, 91*3; H, 8*7%. Calc, for C-H^a : C, 87*5 ; 
H, 12*6%). This gave a small yield of the nitrolpiperidine, m. p. 146 — 147°, of 1-methykyc/ohexene, 
and must consist of an admixture of a trace of this with toluene. After treatment of 2 : 6-dihydrotoluenc 
with sodium amide in ammonia for one hour the product (b. p. 108 — 112°) was left with maleic anhydride 
in cold acetone for 6 hours and then steam-distilled. The small residue crystallised and the adduct was 
recrystallised from aqueous methanol; m. p. 62 — 63° (Found : C, 68*5; H, 6*2. C^jHigOg requires C, 
68*8; H, 6*2%). Bnef heating on the steam-bath with p-toluidine gave a derivative, m. p. 182° (from 
alcohol) (Found: C, 77*2; H. 6*7. CiaH^OjN requires C, 76*8; H, 6*7%). For comparison the 
derivative of l-methylcyc/ohexa-l : 5-diene was synthesised from fyc/ehex-2-enone by the action of 
methylmagnesium iodide, dehydration of the carbinol by distillation with a trace of iodine, and treatment 
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of the product (b. p. 110°) with maleic axihydride in cold acetone. The adduct , b. p. IS0°/16 mm*, 
aoUdifi^ in ice and melted at about 14° (Found : C, 68*S; H. 6»0. CjxHi,Oa requires C, 68*7; H, 
8*2%). The derivative obtained with pdoluidine had m. p. 176° (from alcohol)* depressed by the above 
(Found: C, 76*4; H, 6-9. CuHiaOjN requires C,: 78*8; H, 6*7%). 

2 : 6-Dihydro-m-xylene (Part I) gave w-xylene, b. p. 136-~138°, «}?' 1*4960, and no conjugated 
amterial could be detected. 

4 : 6-Dihydro-m-xylene, b. p. 136°, was obtained by the action of methylmagnesium iodide 
on 3-methylc:yc/ohex-2-enone followed by dehydration of the carbinol by distillation with a tr^e of 
iodine. It gave rise to a colourless oil, b. p. 135 — 137° (Found : C, 90*2 ; H, 9*7. Calc, for CgH^^ : 
C, 90*6 ; H, 9*5%). The ultra-violet absoiption of this was consistent with its being a mixture of 80% of 
w-xylene and 20% of starting material. 

Oct-l-ene was prepared by the action of amylmagnesium bromide on allyl bromide (cf. Henne, 
Chanan, and Turk. y. Amer, Chent. Soc., 1941, 3474); b. p. 119°. It gave rise to a product, b. p. 

119 — 122°, which was shown by its infra-red absorption spectrum to contain 80% of oct-l-ene and 20% 
of an isomer, probably oct-2-ene. 

2 : 6-Dimethylhexa-l : 6-diene (idem, ibid.), b. p. 114°, w}?* 1*4360, gave rise to 2 : 5-dimethylhexa- 
2 : 4-diene, b. p. 133 — 135°, wjf* 1*4780, m. p. 13°. Henne and Turk (/. Amer. Chem. Soc., 1942, 64, 826) 
give for this substance b. p. 134*6°, 1*4781, m. p. 14°. 

4-Phenylbut-l-ene (obtained by the action of benzylmagnesium chloride on allyl- bromide) when 
treated as above gave the red colour but the product was largely high-boiling, probably produced by the 
polymerisation of phenylbut-l-ene. By limiting the reaction time to 2 hours some polymer was formed 
together with a product, b. p. 175 — 182° (Found : C-Me, 7*3. Calc, for CgHj'CH, : C-Me, 11*4%). 
From the b. p. it was probably a mixture containing a considerable proportion of phenylbut-2-ene. 

Methylgeraniolene, b. p. 167°; d-limonene, b. p. 175°, ao + 73*6°; d-sylvestrene, b, p. 173*6°, 
an 4" 17° ; and 1 : 2 : 3 : 4 : 1' : 2' : 3' : 4'-octahydrodiphenyl (Berlande, loc. cit.), b. p. 232 — 236° (used in 
ether, 50 c.c., because of its low solubility in ammonia), were all recovered unchanged, the product from 
the last substance failing to show any reaction with maleic anhydride, and the optical rotations of the 
active compounds were unchanged. 1 : 3- and 2 : 4-DimethyJcyc/ohexene gave their characteristic 
nitrolpiperidines after treatment, and 4-methykyc/ohexene showed unaltered infra-red absorption. 

Reduction of Hydrocarbon}^^ — 2 : 6-Dihydrotoluene (10 g.) and sodium (5 g.) in ammonia (100 c.c.) 
after 4 hours gave a product, b. p. 106 — 1 10°, njf* 1*4731 (Found : C, 89*4 ; 10*4%), shown by its infra-red 
-absorption to contain 40% of toluene, 60% of 1-methyJcy^/ohexene, and 10% of 3-methylcydohexene. 

2 : 5-Dihydrotoluene (10 g.) with calcium hexammine (from the metal, 10 g.) over 48 hours gave a 
product, b. p, 104—108”, 1*4470 (Found : C, 87*3; H, 12*3. Calc, for C7H1* : C, 87*5; H, 12*6%), 

which contained about 80% of 1- and 20% of 3-methylcyc/ohexene (infra-red absorption). Reduction 
of toluene by the same method gave a product still containing aromatic material, and the process was 
repeated on this using the hexammine from calcium (5 g.) and a mixture identical with the above obtained 
(infra-red absorption). 

4 : 6-Dihydro-m-xylene (3*6 g.) was reduced with .sodium (2 g.) and alcohol (4 g.) in ammonia (46 c.c.), 
giving a product, b. p. 124—126° (Found : C. 86*8; H, 12*3. Calc, for CgHu : C, 87*3; H, 12*7%). 
That it was chiefly 1 ; 3-dimethyl^:yc/ohexene was shown by the preparation of the nitrolpiperidine, m. p. 
166 — 157°. For comparison, the hydrocarbon was prepared by distilling the palmitate of 
2 : 6-dimethykyc/ohexanol at 330—360°; b, p. 125 — 126° (Found : C, 87*2; H, 12*7. Calc, for C8H14 : 
C, 87*3 ; H, 12*7%). This gave the nitrolpiperidine, m. p. 156 — 157°, also obtained from the reduction 
products of w-xylene and 2 : 6-dihydro-w-xylene (Part HI, loc. cit.). Removal of hydrogen chloride 
from the nitrosochloride by means of sodium acetate in boiling acetic acid (cf. Wallach, loc. cit.) and 
treatment of the resulting oxime with Brady’s reagent gave the derivative of 2 : 6-dimethyl^c?ohex-2- 
enone, m. p. 163°, already obtained from the reduction product of 2 : 6-dimethylanisole (Part I, loc. cit.), 
thus confirming the position of the double bond in the hydrocarbon. Dehydration of 2 : O-dimethylcyc/or 
hexanol with acid reagents such as phosphoric oxide produced considerable isomerisation to give 
2 : 4-dimethylry^:/ohexene. 

4-Phenylbut-l-ene (10 g.) and sodium (6 g.) in liquid ammonia (100 c.c.) were left for 6 hours, excess of 
sodium destroyed with ammonium chloride, and the product worked up as usual. Distillation gave an 
oil, b. j). 177 — 182°, which was shaken with ice-cold aqueous potassium permanganate until a permanent 
colour was obtained. The distilled 6il (4 g.) was phenvlbutane, b. p. 179 — 181° (Found : C, 90*3 ; H, 
10*1. Calc, for CjoHu : C, 89*6; H, 10*4%). 

1 : 3-Dimethyl- and 2 ; 4-dimethyl-cyc/ohexeiie, d-limonene, and d-sylvestrene were unchanged by 
sodium in ammonia or by calcium hexammine, as shown by unchanged physical constants, in particular 
the optical rotations of the last two substances. Methylgeraniolene and 4-methylcyt;/4>hexene were also 
■shown by means of their infra-red absorption to be unchanged. 

2-Ethoxy-3 : 4-dihydronaphthalene (kindly presented by Mr. C. T. Beer), reduced with sodium (4 
equivs.) and ammonia either in presence or in absence of alcohol (6 equivs.), gave a hydrocarbon as the 
product. Obtained in presence of alcohol, this showed slight unsaturation to bromine, but with sodium 
Urlone it was 1:2:3: 4-tetrahydronaphthalene, b. p. 202 — 208° (Found : C,'90*6; H, 9*3. Calc, for 
CioHjj : C, 90*9 ; H, 9*1%). When only 2 equivs. of sodium were employed the product was a mixture 
of about equal parts of tetralin and starting material. 

The author wishes to express his gratitude to Dr. D. H. Whiffen and Dr. R. E, Richards for measuring 
and intei^reting the infra-red spectra, and to Dr, F. B. Strauss for the ultra-violet spectrum measurements, 
which were carried out in alcohol. 

This work was carried out during the tenure of an I .C. I. Research Fellowsh^. 

The Dyson Perrins Laboratory, Oxford University. { Received , February 18f8, 1947.] 
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328 . Cinnolines. Part XIV. '^-Oxides of ^Arylcinnolines. 
Conversion of ^-Substituted Cinnolines into Indoles. 

By C. M. Atkinson and J. C. E. Simpson. 

Treatment of 4-arylcinnolines with hydrogen peroxide in acetic acid gives the corresponding iV-oxides. 

In contrast to 3 : 4-benzocinnoline N-oxide (ill) (King and King, 1946, 824), ^henyl-Z-methyl^ 
cinoline -oxide (1) is not nitrated selectively, four isomeric mono-nitro-derivatives being obtained. 

Alkaline reduction of 4-substituted cinnolines leads to formation of the corresponding indoles; 
with 6- and 7-chloro-3-methylcinnoline reductive dehalogenation also occurs, and skatole is produced. 

Although formally comparable cinnolines, quinolines, and quinazolines have certain reactions 
in common, this is not always so (cf. Schofield and Simpson, J., 1946, 472 ; Simpson, J. 1946, 1036 ; 
and unpublished work), and in attempting to account for the properties of certain t5q)es of 
cinnoline derivatives, the following * experiments were carried out to examine the possibility 
that this heterocyclic group might retain some of the characteristics of azo-compounds. 

In the first place, we have found that 4-arylcinnolines are readily converted into JV-oxide& 
on treatment with hydrogen peroxide in acetic acid. This reaction was tried with 4-phenyl- 3- 
methyl-, 4-phenyl- 3-benzyl-, 3-phenyl-4-^-anisyl-, 4-/>-anisyl-3-methyl, and 3 : 4-diphenyl- 
cinnoline, and in each case the corresponding N-oxide was isolated in good yield. This result 
was not of direct diagnostic value, for although the oxidation of azo- to azoxy-compounds 
can be effected under somewhat similar conditions (Chem, Reviews, 1931, 9, 126), the formation 
of AT-oxides is likewise characteristic of many heterocyclic types, e.g., pyridines and quinolines 
(Meisenheimer, Ber., 1926, 59, 1848), phenanthrolines (Linsker and Evans, /. Amer. Chem, Soc., 
1946, 68, 403), and quinoxalines (Mcllwain, 1943, 322; Linsker and Evans, loc. cit,, and 
p. 874), although the cinnoline N-oxides, in contrast to the quinoxaline derivatives (Mcllwain,. 
loc, cit.), showed complete absence of peroxidic properties. 

Our experiments with 4-methylcinnolines (thisvol.,p. 808) and with certain AT-alkylcinnolinium- 
salts (following paper) have indicated that the cinnoline AT-oxides should be formulated as (I) 
and not as (II). If (I) is properly regarded as a vinyloguc of an azoxy-compound, it should 
undergo preferential substitution in the 4-phenyl group. The nitration of (I) was therefore 
examined, but proved to be unexpectedly complex, and gave rise to four isomers, designated 
a-, p-, y-, and B-nitro-4:-phenyl-3-methylcinnoline ii-oxide ; there was no evidence of the formation 
of dinitro-compounds. 


Ph 

Ph 
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fYV 

fYV 



o 


o 

(I.) 

(II.) 
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No definite conclusion regarding the azoxy-conipound-like nature of 4-arylcinnolinc 
AT-oxides can be drawn from these results, but the complete lack of any selective attack on the 
molecule was unexpected, and is in marked contrast to the results of King and King (/., 1945, 
^ 824) which appeared after the present work had been discontinued. These workers investigated 
"the nitration of 3 : 4-ben20cinnoline N-oxide (III), and, arguing from essentially the same 
premises as ourselves, anticipated and encountered nitration almost exclusively in one position, 
which was assumed to be in the ring remote from the AT-oxide linkage. 

As an alternative approach to the discovery of azo-compound characteristics in 4-substituted 
cinnolines, we turned our attention to the reduction of such compounds with sodium and alcohol. 
4-Phenyl-3-methylcinnoline gave a mixture of unchanged material (1 part) and 3-phenyl- 
2-methylindole (2-6 parts), and when the reaction was extended to other compounds it wa.s^ 
evident that indole formation, accompanied by evolution of ammonia, is the predominating 
reaction. The results are summarised in the following table, in which the figures (representing 
ammonia values expressed as percentages of the amounts corresponding to complete conversion 
into indole) indicate the extent of the reaction. Examination of the products of reduction 
gave the following results. From (i) only the indole was isolated. In experiments (ii) and 
(vi) both the indole and unchanged material were identified. Experiment (v) gave an oil,. 

* It has been necessary temporarily to discontinue our study of 4-arylcinnolmes, and the experiments- 
with such compounds recorded in this and the following paper are therefore incomplete. 
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(iii) gave an unidentified mixture, and (iv) gave an oil together with unchanged cinnoline. 
Skatole and 4-methylcinnoline were obtained from (vii) and also from (ix), and (viii) yielded 
skatole and (as picrate) a substance which was not identical with the picrate of 4-methylcinnoline 


or of its 6* and 7-chloro-derivatives. 


NH3 

Cinnoline. evolved, %, 

(i) 4-/>-Anisyl-3-methyl- 58 

(ii) 4-p-Hydroxyphenyl-3-methyh ... 55 

(iii) 3-Phenyl-4-jf>-anisyh 3 

(iv) 3>Phenyl-4-/>-hydroxyphenyl- ... 1 

(v) 4-p-Anis}d- 15 


NH3 

Cinnoline. evolved, %. 

(vi) 4-/)-Hydroxyphenyl- 53 

(vii) 4-Methyl- 65 

(viii) 6-ChlorD-4-methyl- 57 

(ix) 7-Chloro-4|;-methyl- 60 


The production of 3-methylindole from each of the 4-methylcinnolines is noteworthy. It 
is possible that the chloro-indole may be formed and may then undergo further reduction, but 
the results of (ix) indicate that, in this case at least, dehalogenation of the cinnoline occurs 
more readily than ring-contraction. The unidentified picrate from (viii) might well be that 
of 6-chloro- 3-methylindole, but owing to interruption of the work it has not been possible to 
investigate this point. 

The indoles obtained from (i), (ii), and (vi) are apparently new compounds, and their 
orientation is based on the assumption (which appears to be justified by the formation of skatole 
and 3-phenyl-2-methylindole) that the ring-contraction is not accompanied by any form of 
molecular rearrangement. 

A comparison of (i) with (v) and of (v) with (vi) suggests that a 3-methyl group and a 
/?-hydroxyl group (in the 4-phenyl substituent) both favour the reaction as compared with 
hydrogen and a methoxyl group respectively; a 3-phenyl group, on the other hand, has a 
strongly inhibitory effect ill conjunction with a 4-aryl group. The contrast between (v) and 
(vi — ix) seems to indicate that the normal eleciromeric effect of the 4-substituent is not the 
sole controlling influence, and it is possible that chemical and spatial factors are both involved. 
This conclusion is supported by the following evidence from the literature, which, taken in 
conjuction wfith our own results, indicates that the tendency of cinnolines to pass into indoles 
is markedly dependent on the nature and degree of substitution in the pyridazine ring. 

(a) Neber, Kndller, Herbst, and Trissler {Annalen, 1929, 471, 113), working with various 
acid reducing media, found that 4-phenylcinnoline yielded 3-phenylindole via 4-phenyl- 1 : 2- 
dihydrocinnoline, and that oxindole was formed from 3-hydroxycinnoline ; no indoxyl or 
indigo derivative resulted, however, from 4-hydroxycinnoline, which (with hydriodic acid 
and red phosphorus) gave 4-hydroxytetrahydrocinnoline hydriodide. (b) 3 : 4-Benzocinnolines 
of type (IV) are more stable, as they are themselves produced from 2 : 2'-dinitrodiaryls by 
reduction in alkaline or acid media or electrolytically (Tauber, Ber., 1891, 24, 3081 ; Meyer, 
ibid., 1893, 26, 2238 ; Ullmann and Dietetic, ibid., 1904, 37, 23), and 5 : 6-benzo-l' : 2' : 4 : 3- 
naphthocinnoline (V) is also formed in an alkaline reducing medium (from p-nitronaphthalene ; 
Meisenheimer and Witte, Ber., 1903, 86, 4153). (c) If it is assumed that the ammonia evolved 

in the cinnoline-> indole reaction is formed b}’ ring-closure of an intermediate diamine, then 



a comparable variation in stability may also be discerned among the diamines corresponding 
to types (VI), (IV), and (V), Thus the diamines derived from a 4-substituted cinnoline 
(VI; R == Ar or Me) do not survive the reaction conditions used (sodium and alcohol), but 
they have been isolated from compounds of type (IV) (King and King, lac, cil.) and from (V) 
(Meisenheimer and Witte, lac. cif.). (d) Formation of the pyridazine ring [regeneration of type 
(IV)] from 2 : 2'-diamino^aryls occurs at least as readily (Tauber, Ber,, 1893, 26 , 1703; 1896, 
29 , 2270 ; Dobbie, Fox, and Gauge, J., 1911, 1615; Sandin and Cairns, J, Amer, Chem. Sac., 1936, 
58, 2016) as does the conversion of such compounds into carbazoles (formation of the pyrrole 
ring) (Tauber, lacc. cit . ; Meisenheimer and Witte, lac. cit . ; Dobbie, Fox, and Gauge, lac, cit. ; 
King and King, lac, cit.). Such vanations in stability of the diamines are presumably an 
indication of the greater degree of ring-strain involved in the carbazole, as compared with the 
indole, nucleus. 
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Experimental. 

(Melting points are uncorrected.) 

4-p-H ydroxvphenyl-2i-methylcinnoUne. — 4-/)-Anisyl-3-methylcinnoline (5 g. ; J., 1946, 673) was 

refluxed with hydrobromic acid (37 c.c., d 1*5) for 1 hour. The cold mixture was basihed (ammonia), 
the supernatant liquid decanted, and the solid dissolved in aqueous sodium hydroxide, and the combined 
alkaline solutions were made acid with acetic acid. 4-p~Hydroxyphenyl-’3-methylcinnoHne (yield of 
almost pure compound, 4*4 g.) separated from alcohol in small yellow prisms, m. p. 241 — 242® (Found : 
N, 12*2. CijHuON, requires N, 11*9%); its solution in warm 2N-sodium hydroxide deposited silky 
needles of the sodium salt on cooling. 

4-p-Hydroxyphenylcinnoline. — 4-^-Anisylcinnoline was prepared by the method of Stoermer and 
Gaus {Ber., 1912, 45, 3104), but as a result of its poor crystallising properties was difficult to purify 
and was most conveniently handled as the hydrochloride, which crystallised well from acetic acid or 
2 K-hydrochloric acid in bright yellow needles, m. p. 215 — 217® (decomp.) after shrinking at 195®. The 
salt (16 g.) was refluxed for 1 hour with hydrobromic acid (106 c.c., d 1-45) and the crude hydroxyphenyl- 
cinnoline isolated as described above. It was ^st purified by way of the acetoxy-compound [obtained 
by refluxing the crude base with acetic anhydride (5 parts) for 4 hour], which separated from aqueous 
alcohol in pale yellow rectangles, m. p. 127*5—128® (Found ; C, 72*35; H, 4*8; N, 11*36. Ci«Hi 20 j,N 2 
requires C, 72*7 ; H, 4*6 ; N, 10*6%), and when boiled with 5N-hydrochloric acid was rapidly hydrolysed 
with quantitative separation of 4-^-hydroxyphenylcinnoline hydrochloride, m. p. 270 — 273® (decomp.) ; 
this when boiled with water gave the free base as yellow prisms (from alcohol), m. p. 234 — 235 ' (Stoermer 
and Gaus, loc. cit., give m. p. 230°). 

^-Phenyl-4-p~hydfOxyphenylcinnoUne. — 3-Phenyl-4-/?-anisylcinnoline (5*5 g. ; ]., 1946, 673) wa.s 

refluxed with hydrobromic acid (65 c.c., d 1*5) and acetic acid (27*5 c.c.) for 2 J hours; the mixture 
was cooled, basified with ammonia, and the base recrystallised from acetic acid. Z-Phenyl-4-p-hydroxy- 
phenylcinnoline (yield of almost pure compound, 4*9 g.) formed almost colourless needles (occasionally 
thin parallelepipeds), m. p. 283 — 286® (Found : C, 80*3; H, 4*9. C. 20 H 14 ON 2 requires C, 80-5; H, 4-7%). 

Pyeparation of Cinnoline "i^-Oxides , — The cinnolines (1 part) were dissolved in glacial acetic acid 
( 8 — 10 parts), hydrogen peroxide ( 6 — 8 parts. 30%) added, and the clear solutions heated at 90 — 95° 
for 2 hours; the products separated on cooling and, if necessary, dilution with water (yields, 80 — 90%). 
4-Phenyl-Z~methylcinnoline 'ii-oxide formed long straw-coloured needles, m. p. 124 — 125°, from aqueous 
alcohol or aqueous acetic acid (Found: C, 75*85; H, 5*2; N, 120. Ci^HjaONa requires C, 76-25; 
H, 5*1; N, 11*9%). 4-Phenyl-^~henzylcinnoline '^-oxide, colourless needles from aqueous alcohol, 
had m. p. 110 — 111® to a turbid melt which cleared at 130° (Found : C, 80*4 ; H, 4*8 ; N, 9*4. CgiHieON^ 
requires C, 80-7; H, 5*2; N, 9*0%). 3 : 4-Diphenylcinnoline '^^■‘Oxidc formed radial clusters of stout 

yellow prismatic needles, m. p. 196—198® (clear at 202°), from ethyl acetate or acetic acid, and was 
very sparingly soluble in alcohol (Found: C, 80*4; H, 4*65; N, 9-5. C 20 HJ 4 ON 2 requires C, 80-5; 
H, 4*7 ; N, 9*4%). 4:-p‘Anisyl-Z-methylcinnoline lA-oxide separated from aqueous acetic acid in colourless 
blades, m, p. 161® (Found : C. 71*9; H, 5*0. CieHi 402 N 2 requires C, 72-1 ; H, 5*3%). Z-^Phevyl^^-p- 
anisylcinnoline "i^-oxide, light brown blades from aqueous alcohol, had m. p. 176 — 177° (Found : C, 77*1 ; 
H. 4-85. CaiHieOaNg requires C, 76-8; H, 4*9%). 

Nitration of 4-PhenyU^-methylcinnoline N-Oxide. — The substance (1-5 g.) was added during 35 minutes 
to 9 c.c. of a mixture of nitric acid (10*5 c.c., d 1*48) and sulphuric acid (3 c.c., d. 1-84). After a total 
of IJ hours (reaction temperature — 13° to — 10® throughout the experiment) the solution was poured 
into w*ater and the precipitated solid filtered off, washed, and digested with alcohol (1*55 g., m. p. ca. 
160 — 175°). Material so obtained, representing 2*5 g. of cinnoline oxide, was digested with acetone, 
and the insoluble fraction repeatedly crystallised from a large volume of this solvent; a-nitro-^-phenyl- 
Z~methylcinnoline ^-oxidc w^as thus obtained in faintly yellow, microcrystalline nodules, m. p. 256 — 257° 
(Found: C, 64*0; H, 3-96; N, 15-2. C, jHnOsNj requires C, 64*0; H, 3-95; N, 14*9%). Thiscompound 
was very much less soluble in acetone than the isomers described below ; it was insoluble in hot aqueous 
sodium hydroxide and in 2N-hydrochloric acid, and sparingly soluble in hot 6 n - hydrochloric acid. 

Attempted fractional crystallisation (from benzene and acetone) of the material in the acetone 
filtrates from the a-compound gave only a little impure j5-compound. A benzene solution (200 c.c.) of 
the combined fractions was drawn through a 26 cm. column of Merck’s alumina (50 g.) prepared with 
benzene (80 c.c.). The filtrate and successive washings (50 c.c. portions of benzene) were separately 
evaporated, yielding respectively {a) 80 mg., (h) 530 mg., (c) 530 mg., (d) 290 mg., (e) 140 mg., and 
(/) 80 rag. Fractions (a) and (b) were solid, (c) and (<f) semi-crj^talline, and (e) and (/) were brown resins. 

A solution of fraction ( 6 ) in acetone, after removal of a little impure a-compound, gave a product 
which, after repeated crystallisation from acetone and finally from ethyl acetate, yielded the p-isomer 
as pale yellow, brittle, hexagonal plates, m. p. 235 — 238° after previous shrinking (Found : C, 63-7; 
H, 8*76; N, 15*05%). 

Fraction (c) was similarly freed from a little a-compound; recrystallisation (finally from slightly 
aqueous acetone) furnished small, soft, lemon-yellow prismatic needles, m. p. 218 — 219° (clear at 222 ) 
of the yisomer\ a mixture with the jS-compound had m. p. 200 — 220° (Found ; C, 63*95; H, 3-95 ; 
N, 16*0%). From the filtrates a small amount of the j5-compound was isolated by means of ethyl 
acetate. 

Fraction (d) (extremely soluble in acetone) was combined with the material remaining in the mother- 
liquors of fractions (b) and (c), and the whole fractionated from ethyl acetate ; some ) 5 -isomer was first 
removed, and the filtrates then deposited h-nitro-4~phenyl-Z-methylcinnoline N-oxide, which separated 
in rosettes of small colourless needles, m. p. 198 — 199® (180 — 188° when mixed with the y-compoimd) 
(Found: C, 64*0; H, 3*8; N, 15*26%). 

Owing to the difficulty of separation, it was not possible to assess the relati^"e proportions in which 
the isomers were present in the crude nitration product. 

Reduction of 4-Suhstituted Cinnolines. — {a) A solution of 4-phenyl-3-methylcinnoline (2*5 g.) in 
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alcohol (100 cx.) was reduced, and the product isolated, as described in (6). The oil obtained by 
evaporation of the washed and dried extract was treated (in alcohol ; 20 cx.) with picric acid (2*6 gj, 
and the mixture of picrates (3-76 g.) fractionated from alcohcd. The least soluble fraction was phenyl- 
Z^ethylcinnoline picraie (1 g.), which formed small brown leaflets or prismatic needles, m. p, 179 — l8l® 
alone and mixed with an authentic specimen (m. p. 180 — 181®) (Found : C, 66*86; H, S*4; N, 16*6. 
CisHioN.,CeH307N3 requires C, 66*1; H, 3*36; N, 16*6%). The filtrates yielded 3-phenyl-2-methyl- 
indole picrate (2*5 g.) as purple needles with a green reflex, m. p. 139 — 141® (Found : C, 68*0; H, 3*86; 
N, 13*15. Calc, for CijHijN^C.HsO^N, : C, 57*8; H, 3*7; N, 12-8%) (Trenkler, Annden, 1888, 248, 
106, gives m, p* 141 — 142°). 

(6) 4-/?-Anisyl-3-methylcinnoline (0*01 mol.) in alcohol (150 c.c.) was refluxed and treated with sodium 
(10 g., ca. 20 pieces) during J hour, added through a trap to avoid loss of the evolved gases, which were 
led via the reflux condenser into two flasks containing N/6-hydrochloric acid. After the sodium had 
dissolved the system was swept out with a slow stream of nitrogen for J hour; the mixture was then 
poured into water (400 c.c.) and extracted with ether. [This procedure was followed in all the 
experiments described below, and in general at least two runs were carried out for each compound ; 
individual results, of which the ammonia flgures on p. 1650 are mean values, agreed within 6— -6%. 
In experiments with cinnolines containing a />-hydroxyphenyl group, the alkaline solution from the 
ether-extraction was acidified to pH 8 with acetic acid and again extracted (such extracts are referred 
to as *'pH 8 fractions''). Separation of the reaction products was only qualitative.] The extract 
yielded S-]p-anisyl-2-fnethyHndole as sole crystalline product, separating from benzene-ligroin (b.p. 
40 — 60®) or from, aqueous alcohol in colourless needles, m. p. 127 — 128° (Found: C, 80*8; H, 6*26. 
CjeHifiON requires C, 81*0; H, 6*3%). The picrate, prepared in benzene solution, formed almost 
black, lustrous needles, m. p. 128— -130° (Found: C, 56*66; H, 3*96; N, 12*3. 
requires C, 56*66; H, 3*86; N, 12*0%). 

(c) 4-^-Hydroxyphenyl-3-methylcinnoline gave an aqueous alkaline solution which, after ether- 
extraction, deposited a solid which did not melt at 330° (evidently the sodium salt of the cinnoline). 
Hie ether-extract yielded S~'p-hydroxyphenyl-2-methylindole, which crystallised from benzene in almost 
colourless prisms, m. p. 136 — 136® (Found: C, 80*2; H, 5*8; N, 7*0. Cj^HijON requires C, 80*7; 
H, 5*9 ; N, 6*3%), soluble in cold 2N-sodium hydroxide, but not in aqueous ammonia or sodium carlxinato. 
The pH 8 fraction was an oil which (in alcohol) gave unreduced cinnoline, m. p. 238 — 241° (identified 
by mixed m. p.). 

(d) 3-Phenyl-4-/>-ani.sylcinnoline gave a crystalline mixture, m. p. 47 — 70°. Digestioirwith ether 
afforded, with heavy losses, a less soluble fraction, m. p. 132—146° (unchanged by recrystallisation from 
alcohol), which was not further purified. 

(e) The extract of the alkaline mixture from the reduction of 3-phenyl-4-f)-bydroxyphenylcinnoline 
and also the pH 8 fraction yielded unchanged material, m. p. and mixed m. p. 283 — 286°, but unidentified 
products were also present. 

4-/>-Anisylcinnoline gave a glassy resin which could not be obtained crj^stalline or converted 
into a crystalline picrate or hydroeWoride 

(g) By extraction of the alkaline solution. 4-^-hydroxyphenylcinnoline yielded Z-p-hydroxy^ 
phenylindole, which crystallised from benzene in small golden prismatic needles, m. p. 162 — 164° (Found ; 
C, 79*76; H, 6*2; N, 6*8. C14H11ON requires C, 80*36; H, 6*3; N, 6*7%); the solubility* of this 
substance in alkalis was similar to that of its homologue described in (c). The pH 8 fraction was an 
oily solid from which 4-/>-hydroxyphenykinnoline was isolated (m. p. 234 — 236° alone and mixed with 
an authentic specimen). 

(h) The ether extract from the reduction of 4-methylcinnoline gave an oily solid which on recrystal- 
lisation from ligroin (b. p. 40 — 60°) yielded skatole, m. p. 96*6—96*6° (Found : C, 82*0 ; H, 7*5 ; N, 10*6. 
Calc, for CjHjN : C, 82*4; H, 6*9; N, 10*7%). The ligroin filtrates were evaporated, and the residue 
was treated with picric acid in benzene and the resultant solid recrystallised from alcohol, from which 
4-methylcinnoline picrate separated in dark green prismatic needles, m. p. 177 — 178° alone and mixed 
with an authentic specimen (this vol., p. 811). 

(i) In the case of 7-chloro-4-metiiylcinnoline, skatole separated directly when the mixture was 
poured into water, and was collected and identified (m. p. 96*5° alone and when mixed with the sample 
described above). The picrate, soft red needles from alcohol, had m. p. 177 — 178° (Marion and Ashford, 
Canad. J. Res., 1946, 28, B, 26, give m. p. 182°) (Found : C, 60*0; H, 3*4. Calc, for C3H3N,CeHj07N3 ; 
C, 60*0; H, 3*4%). It turned yellow on standing in the air, and after 3 days had m. p. 226 — 230°. 
The aqueous filtrate from the skatole was extracted with ether, yielding an oil from which 4-methyl- 
cinnoline was isolated as picrate (m. p. 170 — 173®, not depressed when mixed with authentic materizd). 

(j) Etlier-extraction of the product from 6-chloro-4-methylcinnoline gave an oil, from which skatole 
(m. p. 96 — 96°) was isolated by means of ligroin (b. p. 40 — ^60°) (picrate, m. p. 172 — 174°, not depressed 
by admixture with the Specimen described above). The first ligroin filtrate was evaporated and the 
residue converted into the picrate, which was digested with alcohol ; the green solid so obtained had 
m. p. 185 — 187° (6-chloro-4-methylcinnoline picrate has m. p. 164 — 166°; this vol., p. 811) and gave 
marked depressions in m. p. when mixed wim the picrates of skatole and .^methylc^oline. 
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329. CinnoUnea. Part XV. The Alkaline Decomposition of Some 
Quaternary Salts of ^-Substituted Cinnolines. 

By J. C. E. Simpson. 

The reaction which occurs when 4-substituted alkylcinnolinium salts are treated with 
alkali depends markedly on the nature of the 4-substituent. 4-/>-Hydroxyphenylcinnoline 
ethiodide gives, as major products, acetaldehyde and the parent base, and the reaction shows 
significant qualitative similarities to that previously studied (Mcllwain, /., 1937, 1704) with 
alkylphenazonium salts. On the other hand, retention of the iV-alkyl group is observed with 
6-chloro-4-aminocinnoline methiodide, which yields mainly ammonia and 6-chloro-l-methyl- 
4-cinnolone. 

The experiments described in this paper were undertaken with the object of locating the basic 
centre of 4-substituted cinnolines, the scheme envisaged being the preparation of quaternary 
salts of such compounds and study of their decomposition reactions in the hope that the 
point of quaternary salt formation, and hence the basic centre, might thus be disclosed. 
Combination of 4-phenyl-3-methyl-, 4-jb-hydroxyphenyl-, and 3-phenyl-4-/>-hydroxyphenyl- 
cinnoline with ethyl iodide proceeded readily, giving the corresponding ethiodides in reasonably 
high yields. Preliminary experiments showed that A:-^-hydvoxyphenylcinnoline ethiodide (I; 
R = H) was very readily decomposed under mild alkaline conditions ; an intense crimson 
coloration was first produced, and the parent cinnoline was isolated from the reaction mixture. 
Although this result was disappointing from the point of view of the objective mentioned, the 
reaction seemed of sufficient interest to merit further study. It was then found that 
the decomposition was not alkali-catalysed, that it could be effected by cold or hot aqueous 
sodium hydroxide or carbonate and by hot ammonium hydroxide, and that acetaldehyde w^as a 
major product of the reaction. 

The decomposition of Z-phenyU^-'p-hydroxyphenylcinnoline ethiodide (I ; R = Ph) was not 
examined in detail, but probably proceeds analogously, as the parent base was readily isolated, 
and the smell of acetaldehyde was noticeable during the reaction. It is possible that quaternary 
salts of 3 : 4-benzocinnoline (II) decompose in the same way, as Ullmann and Dieterle {Ber., 
1904, 87, 23) noted that the parent base was regenerated by treatment of such salts with alkali, 
but did not investigate the reaction further. This type of reaction is strongly reminiscent of 
that shown by phenazonium salts (III) in alkaline solution ; the regeneration of the parent base 
from such salts has been observed by various workers, and a more recent study of this reaction 
by Mcllwain (/., 1937, 1704) has shown that it takes the course 2 BMc-OH — B -f BHMe + 
CHgO 4- HaO. 

There is thus a striking parallel between the decomposition of alkylphenazonium salts and 
that of certain alkylcinnolinium halides. However, further examination of the decomposition 
of (I ; R = H) disclosed that the yield both of 4-arylcinnoline and of acetaldehyde was 70 — 76 
mols.% (based on quaternary salt) and thus indicated that the relationship between the reactions 
is merely qualitative. The extent to which the 25% of unrecovered cinnoline functions as 
hydrogen acceptor is unknown ; identification of hydrogen as a product of reaction was not 
attempted, and the non-volatile residue, after removal of 4-^-hydroxyphenylcinnoline, was an 
oil. The properties of the latter suggested instability — for example, the oil was soluble in 
acetone giving a brilliant blue solution, the colour of which faded completely after some hours' 
exposure to the air; this behaviour, also, is reminiscent of that shown by alkylphenazonium 
salts, which give rise to free radicals (Mcllwain, loc. cit,). Qualitative similarity between the 
reactions of the two series of salts was further suggested by the observation that, under suitable 
conditions, the decomposition of the cinnolinium salt is accompanied by nuclear iodination with 
formation of 'x.-iodo-^-^^hydroxyphenylcinnoline; this is almost certainly a case of anionoid 
substitution, which is a characteristic feature of the decomposition of phenazonium salts 
(Mcllwain, loc, cit.). 

The resemblance between the decompositions of cinnolinium and of phenazonium salts is not 
unexpected in view of the vinylogous relationship existing between the location of the nitrogen 
atoms in the two heterocyclic systems. The reaction may not, however, be characteristic of all 
4-arylcinnolinium compounds ; for example, ^•phenyUZ’-methylcinnoline ethiodide did not show 
this behaviour, and the following observations clearly indicate that the nature of the 
4-substituent profoundly influences the reaction. 

From 6-chloro-4-aimnocinnoline (Part XVII, in the press) was obtained an excellent yield of 
the methiodide (IV), which on treatment with a large excess of alkali hydroxide at room 
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temperature was converted into the methohydroxide (or pseudo-base) . This substance was stable 
at room temperature, but in hot alkaline solution decomposed into ammonia and 


OH 



V 



CO*" 

fYX 

'OCX) 

Et 

R 

R 

(I.) T 

(11.) X 

(IIL) X 

NH, 


OMo 

55? 

Me 

°0Ci. 

(iv.) 7 

(V.) 

(VI.) 


methyl-4c-cinnolone (V). The structure of (V) (the major product of the reaction) follows from its 
identity with the product of the action of methyl sulphate on 6-chlofo-4-hydroxycinnoline, 
whereas treatment of 4 : 6-dichlorocinnolme with sodium methoxide furnished the isomeric 
^•chloro-^-methoxycinnoline (VI). The position of quaternary salt formation in 6-chloro-4- 
aminocinnoline is thus established as Nj ; this is, therefore, the basic centre of this substance, 
and probably of other Bz-substituted 4-aminocinnolines (Part XVII) also. 

This evidence, taken in, conjunction with the properties of 4-methylcinnolines described in 
Part XII (/., 1947, 808), lends strong support to the suggestion {loc. cit.) that the basjc nitrogen 
of all 4-substituted cinnolines is Nj ; the alternative thesis, namely that the centre of basicity 
could be shifted from to Na by the introduction of suitable 4-substituents, now becomes a 
more remote contingency. It should be noted, however, that formal proof of this point is still 
Jacking for 4-hydroxycinnolines ; the fact that in these substances alkylation occurs at is 
irrelevant, because iV-alkylation of any liydroxylated nitrogenous heterocyclic ring involves 
triad or pentad prototropy, irrespective of basicity. It happens that in 4-hydroxycinnolines 
Ni functions in both capacities, but this need not always be so, and our experience with certain 
quinazoline derivatives (Morley and Simpson, in the press) has in fact demonstrated that in 
these compounds the positions of quatemarj’^ salt formation and V-alkylation are probably not 
identical. 

The decomposition of (IV) also gave rise to small amounts of two other substances of 
unknown structure. One of these was a neutral compound (substance X), isomeric with (V) 
and (VI), which could not be hydrolysed under mild conditions ; the formation of this compound 
was apparently independent of the pH of the medium provided alkalinity was maintained. 
The other compound was an iodide, m. p, 238°, isolated from faintly acid solution. 

Experimental. 

(Melting points are uncorrected.) 

A-PhenyUZ’methylcinnoUne Ethiodide. — A solution of the cinnoline (3 g.) in alcohol (15 c.c.) and ethyl 
iodide (7-5 c.c.) was refluxed for 4 hours. Concentration and cautious addition of ether precipitated the 
crude ethiodide, which separated from alcohol in soft, light-red needles, m. p. 206 — 207° [Found ; C, 
53-86; H, 4-8; I (mean of several inconsistent values), 36-3. Ci,Hi 7 N 2 l requires C, 64-26; H, 4-66; 

l, 33-76%]. On the small scale, decomposition of the salt with aqueous sodium hydroxide at room 
temperature gave an amorphous basic solid from which no 4-phenyl-3-methylcinnoline could be isolated, 
and which did riot give a crystalline picrate. 

?i-Phenyl-^-'p-hydroxyphenylcinnoline Ethiodides. — A suspension of the cinnoline (2-6 g.) in alcohol 
(30 c.c.) and ethyl iodide (10 c.c.) was refluxed for 7 hours, a clear dark-coloured.solution being gradually 
formed. On concentration, a mixture (2-35 g.) separated, from which substantially pure monoethiodide 
(0-9 g.) was obtained by recrystallisation from alcohol; the pure compound formed clusters of small 
orange leaflets, m. p. 227 — 228° (decomp.) (Found : C, 68*15; H, 4-46; I, 26*36. C22Hi20N2l requires 
C, 58*16; H, 4*2; I, 28-0%). It (400 mg.) was decomposed by hot N-sodium hydroxide (10 c.c.) (an 
intensely purple-crimson solution was produced) with regeneration of the original cinnoline (130 mg., 

m. p. 283—286°, mixed m. p. 284 — 286°) ; no search for other products was made, but the odour of 
acetaldehyde was observed during the decomposition [cf. the decomposition of 4 -^-hydrox 3 ri)henyl* 
cinnoline ethiodide (^. v.)] . The salt gave an intense crimson solution in concentrated sulphuric acid ; on 
dilution the colour faded and a precipitate was formed. 

The flltrate from the crude monoethiodide (from another experiment) was concentrated further ; the 
resultant solid, after several crystallisations from alcohol, form^ deep ruby-red blades, m. p. 216 — 217°^ 
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(190--r*196® when mixed with the monoethiodide), and from analysis appeared to consist principally of a 
diethiodide (Found : C, 44*7 ; H, 3-26 ; I, 37*6. C,4H,40N,l2 requires C, 47*2 ; H, 4 0 ; 1, 41-6%y. 

Addition of a drop of piperidine to an alcoholic solution of the mixed ethiodides gave an intense 
green colour, becoming deep blue-green on dilution. Addition of acid to this solution destroyed the 
colour, which was restored (pu:^le) by ammonia or sodium carbonate with precipitation at an 
intermediate stage of an aniphoteric solid . 

Preparation and Alkaline Decomposition of 4k-i^-Hydroxyphenylcinnoline Eihiodide. — The cinnolinc 
(10 g.)* alcohol (200 c.c.), and ethyl iodide (60 c.c.) were refluxed for 4 hours. The ethiodide, obtained by 
concentration, crystallised from alcohol in scarlet prisms, m. p. 237 — 239® (Found : C, 61‘15; H, 4* 16. 
CieHijONjI requires C, 60*8; H, 4*0%; satisfactory iodine figures could not be obtained) ; yield of 
nearly pure compound, 13 g. The salt gave a deep crimson solution in concentrated sulphuric acid, 
becoming yellow on dilution. Addition of piperidine to an alcoholic solution produced a very intense 
purple colour, discharged by acid and restored by ammonia or sodium carbonate solution. 

The following alkaline decompositions of the salt were carried out. 

(а) A solution of the salt (1 g.) in warm water (80 c.c.) was treated with 2N-sodium carbonate (20 
c.c.) and heated at 90 — 96® ; nitrogen was bubbled through the liquid, and the issuing gases were passed 
into a solution of 2 : 4-dinitrophenylhydra2ine (0*6 g.) in 10% sulphuric acid (66 c.c., v/v). After 1 hour 
the precipitated hydrazone was collected (0*43 g., m. p. 143 — 144®) and recryst^lised from alcohol, 
yielding flat yellow needles, m. p. 166*6— 167*5® alone and mixed with authentic acetaldehyde 
2 : 4-dinitrophenylhydra2one. The alkaline solution in the reaction flask was acidified with acetic 
acid, giving almost pure 4-^-hydroxyphenylcinnoline (0*45 g.), m. p. 229 — 231®, and 232 — 233® (alone 
and in admixture with authentic material) after crystallisation from alcohol. 

(б) An experiment carried out as in (a) except that the sodium carbonate was replaced by 2N-sodium 
hydroxide (20 c.c.) gave 4-/>-hydroxyphenylcinnoline in identical yield and purity, but only 0*16 g. of 
crude aldehyde dinitrophenylhydrazone (m. p. 129 — 135®). From this, a small amount of acetaldehyde 
2 : 4-dinitrophenylhydra2one, m. p. 161 — 163°, was obtained by repeated crystallisation from alcohol. 
Apparently other aldehydes had been present (probably formed by self-condensation of the acetaldehyde) , 
but these were not identified. The identity of the cinnoline obtained in this and the preceding 
experiment was confirmed by acetylating the combined crops ; 4-^-acetoxyphenylcinnoline (preceding 
paper), m. p. and mixed m. p. 127*5 — 128*5®, was thus obtained. 

(c) A solution of the salt (2 g.) in water (240 c.c.) and 2N-sodium carbonate (40 c.c.) was left for 4 
months in an uncorked flask at laboratory temperature. The solid which had separated was collected 
and washed with water until the washings were colourless ; 0*95 g., m. p. 237 — 241®. As it could not be 
purified by crystallisation, the whole was acetylated (boiling acetic anhydride) and freed from solvent in 
an evacuated desiccator. The residue was repeatedly crystallised from benzene-ligroin (b. p. 60 — 80®), 
yielding liriodo-^p-acetoxyphenylcinnoline as stout, pale yellow polyhedra, m. p. 158 — 160® (Found : C, 
60*2; H. 2*9; N, 7*9; 1,33*56. Ci.HiiOaNjI requires C, 49*2 ; H, 2*86; N, 7*2; 1,32*6%). From a 
small-scale experiment in which the alkaline solution had stood for only 10 weeks a mixture was isolated 
which could not be purified by direct crystallisation but which (m. p. 243 — 244°) contained iodocinnoline 
(Found : I, 18*35. CaJe. for CJ4HJON2I : I, 36*5%) ; pure 4-/>-acetoxyphenylcinnoline was readily 
isolated by acetylation of the more soluble material. 

{d) In other experiments in which sodium and ammonium hydroxide were used, the reaction 
mixtures were extracted with ether before acidification ; small amounts of a brown oil were thus obtained, 
which was easily soluble in acetone giving a brilliant and very intense purple solution, the colour of which 
faded perceptibly during 2 hours’ exposure to the air, and completely on standing overnight. 

(e) A solution of the salt (0*5 g.) in water (45 c.c.) and 4N-ammonia (5 c.c.) was left at laboratory 
temperature for 10 weeks in an open flask. A sticky solid separated during this time, from which 
unchanged quaternary salt was isolated (by extraction with hot water) as the only identifiable 
product. 

%-Chloyo-^methoxy cinnoline , — A solution of 4 : 6-dichlorocinnoline (2 g. ; this vol., p. 917) and 
sodium methoxide (0*8 g.) in methyl alcohol (60 c.c.) was refluxed for 20 minutes, cooled, acidified 
with acetic acid, and diluted with water. The precipitate was filtered off, washed, and recrystallised 
from methyl alcohol, from which ^’Chloro-4:-methoxycinnoline (1*5 g.) separated in colourless narrow 
blades, m. p. 169*5 — 170® (Found: C, 65*6; H, 3*9; N, 13*9. C»H70N2C1 requires C, 66*5; H, 3*6; 
N, 14*4%). 

Q~Chloro-l-methyU4t-cinnolone . — Methyl sulphate (2 c.c.) was added to a slightly warm solution of 
6-chloro-4-hydroxycinnoline (2 g. ; /., 1945, 620) in aqueous potassium hydroxide (20%, 40 c.c.). The 
mixture was heated on the steam-bath, separation of the product (2 g., m. p. 188 — 200°) occurring almost 
immediately. After several crystallisations from water containing a little 2N-hydrochloric acid, and 
finally from alcohol, ^-chloro-\-methyU^-cinnolone separated in stout, pale yellow, brittle needles, m. p. 
221 — 222° after previous shrinking (Found : C, 65*85; H, 4*0; N, 14*2. C^H^ONgCl requires C, 55*5; 
H, 3*6 ; N, 14*4%). Although the free base separates from dilute hydrochloric acid, it is distinctly more 
soluble therein than in water alone (from which it forms long, silky needles) . 

Preparation and Alkaline Decomposition of Q-Chloro~^-aminocinnoline Methiodide. — Prepared from 
6-chloro-4-aminocinnoline (Part XVII, in the press) (8 g.), alcohol (100 c.c.), and methyl iodide (20 c.c.) 
(3j^ hours under reflux), ^-chloro-^-aminocinnoline methiodide (crude yield, 12*1 g.) crystallised from hot 
water in long, saffron-coloured needles, m. p. 226 — 226° (decomp.) (Found : C, 32*35'; H, 3*8; N, 12*5. 
C0H*N,ClI,O*6HaO requires C, 32*7 ; H, 3*05 ; N, 12*7%. Halogen determinations were unsatisfactory). 
The foflowing procedure was the outcome of several preliminary experiments. 

A solution of the salt (4 g.) in water (160 c.c.) was treated with 2N-sodium hydroxide (100 c.c.) and 
left at laboratory temperature. The dark oil which soon separated from the green solution changed 
overnight to a mass of soft, almost colourless needles, which (1*6 g.) were filtered off (filtrate A) and, 
without purification (the substance was unstable and could not be recrystallised), dissolved in 50% 
aqueous acetic acid (10 c.c.) (solution B), One half of this solution was brought to pH 9 with sodium 
hydroxide and boiled gently for J hour; a little ammonia was evolved. The solution was diluted 
50 
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somewhat with water and filtered hot (charcoal) ; a solid separated on cooling, which on recrystallisation 
from water yielded substance X in long, colourless needles, m. p. 162 — 168®, which gave a positive 
BeUstein halogen test (Found : C, 66-9; H. 8-7; N, 14-4, 14*7. C;H,ON»Cl requires C, 56 B ; H, 8-6; 
N, 14*4%). This substance was less soluble in water than ^hloro>l-methYl'’4-cinn<^ne, and crystallised 
well from benzene. It gave a marked depression in melting point when mixed with 6-chlQro>4>methoxy* 
cinnoline. It showed no basic or acidic properties, and was unafiected by short boiling with dilate 
hydrochloric acid or sodium hydroxide. The first filtrate from substance X was made alkaline to 
thymolphthalein (sodium hydroxide) and boiled; ammonia was again evolved, and recr 3 rstallisation 
(water; charcoal) of the solid which separated from the hot solution yielded 6*chloro-l-methyl>4* 
cinnolone, m. p. and mixed m. p. 220 — 221®. The other half of solution JB was made strongly alkaline 
with sodium hydroxide and boiled ; substance X and 6-chloro-l-methyl-4-cinnoloae were separated (by 
the use of dilute hydrochloric acid) and identified (m. p. and mixed m. p.). 

Filtrate A was divided into 2 parts. One was decomposed at pH 1 1 by boiling, and yielded ammonia, 
6-chloro-l-methyl-4-cinnolone, and substance X, The other part was brought 6 with acetic 

acid, boiled for 20 minutes, and concentrated on the steam-bath to 2/3 volume. The mixture which 
separated gave 6-chloro-l-methyl-4'Cinnolone as the least soluble component, and the early filtrates 
from this compound contained an iodide ; this salt, after several crystallisations from alcohol, formed 
yellow rosettes of small needles, m. p. 287 — 238® (Found ; C, 43*06 ; H, 3*96 ; N, 12*6%). 

Similar results to the above were obtained when the original treatment of the quaternary salt with 
sodium hydroxide was performed under nitrogen. 

The author is indebted to Imperial Chemical Industries Limited (Dyestuffs Division) for various 
facilities, and to the Council of the Durham Colleges for a grant from the Research Fund during the early 
part of this investigation. 

Durham Colleges in the University of Durham. 

Warrington Yorke Department of Chemotherapy, 

Liverpool School of Tropical Medicine. [Received, February \%th, 1947.] 


330. Miscdlaneoris Thiazoles. 

Edward B. Knott. 

Derivatives of 4^o-carboxyphenylthiazole (I) and 4trphenyUhiazole-6-carboxylic acid (II) 
prepared by standard methods could not be cyclised to indonothiazoles (III). Phenyldithio- 
biuret and a-halogeno-ketones react together to give azamethin bases (IV). A few new thiazyl 
sulphides have been prepared, 2-Chloroacetylfuran and 2-bromoacetyUuran have been obtain^ 
crystalline and converted into derivatives of 4cr(2^’furyl)thiazole (VI). 2-Chloroacetylpyrrole 
condenses normally with thiourea and normally with thioacetamide in the presence of alkali 
to give derivatives of 4f{2-pyrryl)thiazole (VII), but abnormally with alkyl dithiocarbamates 
to give di’{2-pyrroylmethyl) sulphtde (VIII). 

The formation of polycarbocyclic thiazoles by intramolecular ring closure of 4-arylthiazole-6- 
acetic acids has been reported recently (Knott, J,, 1946, 466). In attempts to prepare indono- 
thiazoles (III) by analogous methods two types of intermediate were required, namely, a 
4-o-carboxyphenylthiazole (I) and a ^-phenylthiazole-B-carhoxylic acid (II; R' = H). (I) was 

readily prepared from o-carboxyphenacyl bromide and (II ; R' = Et) from ethyl a-bromo- 
benzoylacetate or the chloro-analogue (Hirst, Macbeth, and Traill, Proc, Roy, Irish Acad,, 
1925, 87B, 47). Hydrolysis of (II; R *= Me, R' == Et) gave the required acid, but where 
R = NHj simultaneous loss of carbon dioxide gave 2-ammo-4-phenylthiazole. Ethyl a-bromo- 
benzoylacetate condensed with ethyl and isupropylthioncarbamates to give ethyl 2-hydroxy-‘^- 
phenylthiazole-5-carboxylate (II ; R =s OH, R' = Et) ; the simultaneous loss of the alkyl 
group was also observed by Hantzsch and Hubacher (Annalen, 1890, 269, 260) whilst employing 
chloroacetone. 



(I.) (H.) (in.) 


All cyclisatioD experiments on the acids or esters were unsuccessful. 

The condensation of dithiomalonamides with a-halogeno-ketones has been described by 
Lehr, Guex, and Erlenmeyer {Helv, Chim, Acta, 1944, 27, 972) who thus obtained dithiazolyl- 
methanes. Some time ago an analogous reaction was applied to phenyldithiobiuret which 
condensed very readily with chloroacetone and phenacyl bromide to give azamethin bases (IV). 
Where R = Me (IV) formed an ethiodide which is [2^{4:-methyhZ^ethyUhiazoley\l2^(Z-‘phenyh 
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4^meihyUhi(uoU)lazaimthincyanine iodide (V). This pale yellow dye does not sensitise a 
photographic silver chloride emulsion. 



Using the method of Buchman, Reims, and Sargent (/. Org. Chem., 1941, 6, 764) for the 
direct formation of 2-alkylthiothiazole3 by the condensation of chloroacetone and methyl 
dithiocarbamate, 2-alkyUhio-4t~phenyUhiazoles and 2-benzyUhio-i‘phenylthiazole have been 
prepared. 

As intermediates for photographic sensitising dyes, 4-(2'-furyl)-* and 4- (2'-pyrryl) -thiazoles 
containing a reactive substituent in the 2-position were required. 

2-Chloroacetylfuran, one of the intermediates for the preparation of the above thiazoles, 
has been obtained as an oil by Gilman and Burtner (/. Amer. Chem. Soc., 1936, 57, 911), and 
by Burger and Hamest {ibid., 1943, 65, 2382) ; it has now been found to crystallise readily at 
room temperature as did also 2‘bfomoacetylfuran. 2-Chloroacetylpyrrole, the second required 
intermediate, was obtained in 20% yield from pyrrole and chloroinethyl cyanide by Blicke, 
Faust, Gearien, and Warzynski (/. Amer. Chem. Soc., 1943, 65, 2465). Using this method with 
slight variations, a 36% yield was obtained. 

The halogeno-acetylfuran condensed normally with thiourea, thioacetamide, and methyl 
dithiocarbamate to give the 2-amino-, 2-methyl-, and 2-mcthyUhio-dQxWd±Wes of 4-(2'-fur>d)- 
thiazole (VI; R = NHj, Me, SMe). 




(C.H.N-CO-CHJjS 

(vin.) 

(VI.) 

(vn.) 



2-Chloroacetylpyrrole condensed normally with thiourea giving the hydrochloride of 
2-pnino-4:-[2'-pyrYyl)thiazole (VII; R = NHg) as sole product. With thioacetamide, however, 
condensation in alcohol gave a deep red solution, and the resultant product was difficult to purify. 
The formation of dye was prevented, however, in the presence of alkali carbonate and the 
main reaction product was the expected ^-{2'-pyfyyl)-2-methylthiazole (VII ; R = Me) although an 
appreciable amount of a crystalline solid was obtained, which was not volatile in steam. With 
methyl dithiocarbamate the chloro-ketone gave chiefly a purple dye in the absence of alkali. 
The addition of alkali carbonate again prevented dye formation, but the product obtained was 
identical with the by-product obtained in the thioacetamide condensation. It is di-{2-pyrroyl- 
methyl) sulphide (VIII). The same product was obtained from the chloro-ketone and ethyl 
dithiocarbamate, ammonium dithiocarbamate, or sodium sulphide. The mechanism of this 
abnormal reaction is probably analogous to the formation of substituted diquinolyl sulphides 
from chloroquinolines and thiourea (Rosenhauer, Hoffmann, and Heuser, Ber., 1929, 62, 2730; 
Renfrew, J. Amer. Chem. Soc., 1946, 68, 1433) and of other diheterocyclyl sulphides from 
heterocyclyl chlorides and thiourea (Surrey and Lindwall, /. Amer. Chem. Soc., 1940, 62, 1697; 
Watt, J. Org. Chem., 1939, 4, 436). 

Experimental 

(Analyses are by Drs. Weiler and Strauss, Oxford : m. ps. are not corrected.) 

^-Carboxyphenyl-2-m$thylthiazole (I;Rs=5Me). — o-Carboxyphenacyl bromide (1-22 g. ; 0 006 

mol.) (Gabriel and Michael, Ber., 1877, 10, 1661) and thioacetamide (0*376 g. ; 0*006 mol.) gave the 
hydrobromide on refluxing together for 16 minutes in isopropyl alcohol (2*6 c.c.). The base, m. p. 
143—147®, formed colourfes needles from aqueous methyl alcohol (Found : S, 14*6. C,iH.O«NS 
requires S, 14*66%). 2-Am%no-^o-cafboxyphenyUhtazole (I ; R — NHg), obtained similarly from thiourea 
(0*38 g.), formed soft needles, m. p. 174® (decomp.), from alcohol. The needles contained solvent of 
crystallisation removed by drying at 116®/20 mm. (Found : S, 14*7. C,oHaO,NjS requires S, 14*66%). 

4rPhenyl-2-methyUhiazole-b-carboxylic Acid {II;R = Me, R' =* ID. — Thioacetamide (0*76 g. ; 
0*01 mol.), ethyl a-oromobenzoylacetate (2*6 g. ; 0*01 mol.), and isopropyl alcohol (10 c.c.) were refluxed 

♦ Since this paper was written, B.P. 671,077 has appeared describing the condensation of 2-bromo- 
acetylfuran (obtained by bromination of 2-acetylfuran) with thioacetamide to give 4-(2'-furyl)-2-methyl- 
thiazole. 
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for 15 minuteSi diluted with aqueous sodium carbozxate, and the precipitated oil taken up in ether which 
was dried, the ether then being removed. The oil could not be crystallied. It was dissolved in alcohol 
(5 c.c.) and shaken with 10% aqueous hydroxide (2 c.c.), then allowed to stand for 3 hours. The add 
obtained on acidification formed pink tablets, m. p. 216*^ (decomp.), from alcohol (Found : S, 14*45. 
CiiH|0,NS requires S, 14*65%). 

Ethyl 2-Amino-4rphenylth%azoU-^carhoxylate. — ^This, obtained similarly from ethyl a-bromobenzoyl- 
acetate and thiourea, formed thick, pale yellow needles, m. p. 173® (Hirst et a/., loc. dt., g^ve m. p. 173®) 
from methyl alcohol (Found : S, 12*66. Calc, for CijHijOjNgS : S, 12*9%). The ester (1*0 g.) was 
dissolved in hot alcohol (20 c.c.), 10% aqueous sodium hydroxide (2 c.c.) was added, and after 30 minutes 
at 50® the solution was neutralised with dilute acetic acid, giving colourless needles of 2-aminO‘*4‘‘phenyl> 
thiazole, m. p. 151®, not depressed on admixture with authentic specimen obtained from phenacyl 
bromide and thiourea (Found : S, 17*95. Calc, for C^HgN2S : S, 18*2%). 

Ethyl 2-Hydroxy-4k-phenyUhiazole~5-carboxylate (II; R = OH, R' = Et). — Ethyl a-bromobenzoyl- 
acetate (2*6 g. ; 0*01 mol.), ethyl thioncarbamate (1*06 g.; 0 01 mol.) or isopropyl thioncarbamate 
(1*19 g.), and isopropyl alcohol (6 c.c.) were boiled together for a few minutes. The liquor clouded and 
deposited pale yellow needles, which then formed colourless needles from alcohol, m. p. 202®, soluble 
in ammonia (Found : S, 12*9. Ci,HiiO,NS requires S, 12*86%). 

Azamethin[2-{4:-phenylthiazole)][2-{Z : 4k- diphenyl -2 : Z-dihydrothiazole)] (IV ; R — Ph). — Phenacyl 
bromide (0*4 g. ; 0*002 mol.) was added to a hot solution of phenyldithiobiuret (0*215 g. ; 0 01 mol.) 
in absolute e&yl alcohol (10 c.c.) and refiuxed for 15 minutes. To this solution was then added 
anhydrous sodium carbonate (1*1 g.) and the mixture refluxed for a further 16 minutes. Addition 
of water (100 c.c.) precipitated the oas^ as a solid which formed colourless needles (0*4 g.), m. p. 228 — 
230®, from benzene-light petroleum (Found : C, 70*7; H, 4*1; N, 9*86. Cj4Hi,NjS2 requires C, 70 0; 
H, 4*15; K, 10*2%). The dihydrohromide was obtained if the carbonate addition was omitted and 
the mixture concentrated after 1 hour. From isopropyl alcohol it formed yellow prisms, m. p, 162® 
(Found : HBr, 28*25. C24H„NaS„2HBr requires HBr, 28*26%). 

Azamethin[2-(^methylthiazole)'\[2-(Z-phenyl-4e-methyl-2 :Z-dihydrothiazole)‘\ (IV; R = Me). — By pro- 
ceeding as above but using phenyldithiobiuret (1*07 g.) and chloroacetone (0*92 g.), the base was obtained 
as faintly yellow needles, ni. p. 170 — 171®,, from alcohol (Found : S, 22*25. C,4Hi3N3S« requires S, 
22*86%). 

\2-(^-Methyl-Z-ethylthiazole)'\[2-(Z-phenyl-irmethylthiazole)]azamethincyanine Iodide (V) . — The base 
(IV ; R Me) (1 g.) and ethyl iodide (1 c.c.) were heated for 8 hours in a sealed tube on the s^feam-bath. 
From methanol the ethiodide formed yellow needles, m. p. 190 — 192® (Found : S, 14*7. C.eHisNalS, 
requires S, 14*46%). 

2-AlhyUhio- and 2-Benzylthio-^-phenyUhiazoles. — Molar quantities of phenacyl bromide and the 
dithiocarbamic ester were refluxed for 16 minutes in ethyl alcohol. The hydrobromides were obtained 
on concentration. 2-Methylthio-4-phenylthiazole was obtained in colourless needles, m. p. 24®, from 
benzene (Levi, Gazzetta, 1931, 61, 719, describes it as an oil) (Found : S, 30*8. Calc, for C13H3NS2 : 
S, 30*96%). The hydfobromide formed colourless prisms, m. p. 194 — 196°, from isopropyl alcohol. 
The crystals contain the solvent, removed at 115® (Found : S, 22*3. CioHioNBrS* requires S, 22*26%). 
2-Ethylthio-^PhenyUhiazole was obtained as a viscous oil, b. p. 300° (partial decomp.) (Found : S, 29*9. 
CjiHiiNS, requires S, 28*3%). The hydrobromide formed colourless needles, m. p. 167 — 169®,* from 
isopropyl alcohol. The crystals contain solvent removed at 116° (Found: S, 21*35. CuHiaNBrS, 
requires S, 21*26%). 2-Benzylthio-4k-phenylthiazole formed glassy crystals, m. p. 66—67®, from benzene- 
light petroleum (Found : S, 22*6. C14HX3NS2 requires S, 22*66%). Its hydrobromide had m. p. 192°. 

2-Iialogenoacetylfurans, — The method employed was essentially that of Burger et al. (loc, dt.). The 
furoyl chloride was treated with ethereal diazomethane until the powerful lachrymatory action of the 
chloride could not be detected on removing a spot of the reaction mixture. Dry hydrogen chloride 
or bromide was used to decompose the diazo-compound. 2-Chloroacetylfuran, b. p. 126®, solidified 
after distilling twice. From benzene-light petroleum it formed colourless leaflets, m. p. 30*6®, in 86% 
yield (Found : Cl, 24*26. Calc, for CiHjOjCl : Cl, 24*56%) (Burger et al. report b. p.4 9^—108® ; Gilman 
et al. b. p.,7 127 — 129°). 2-Bromoaceiylfuran, b. p.jj 126°, formed colourless leaflets, m. p. 34°, from 
benzene-light petroleum in 87% yield (Found : Br, 42*15. C^HjOsBr requires Br, 42*4%). 

2-Amino-^(2'-furyl)thiazole. — ^Thiourea (0*38 g. ; 0*005 mol.) and chloroacetylfuran (0*722 g. ; 
0*005 mol.) were dissolved in hot ethyl alcohol (6 c.c.), anhydrous sodium carbonate (0*026 g, ; 0*026 
mol.) was added, and the mixture refluxed for 6 minutes. On addition of water the thiazole separated. 
From benzene-light petroleum it formed glistening flat needles, m. p. 124*5°, in 96% yield (Found : 
S, 19*45. C7H4ON2S requires S, 19*3%). 

A-{2'-Furyl)-2-methylthiazole. — Thioacetamide (7*5 g. ; 0*1 mol.) and 2-bromoacetylfuran (18*9 g. ; 
0*1 mol.) were covered with ethyl alcohol (20 c.c.) and warmed gently. Heat was suddenly evolved 
and after cooling, the required hydrobromide separated, the precipitation being completed by addition 
of ether. It formed pale brown needles, m. p. 194 — 196®, from methanol-ether in 87% yield (Found : 
Br, 32*6; S, 12*86. CgH-ONBrS requires Br, 32*6; S, 13*06%). The base was obtain^ as an oil, 
b. p.jt 128°, ]^ssessing a strong thiazole odour ♦ (Found : S, 19*36. C3H70NS' requires S, 19*4%). 

2-Methylthio-4t-(2'^uryl)thiazole. — Obtained as for the 2-methyl axialoguei the hydrobromide (70% 
yield) formed tiny plates, m. p. 208 — 210® (decomp.), from ethyl alcohol-ether (Found ; Br, 28*9. 
CgHgONBrS, requires S, 28*96%). The base was obtained as a heavy oil, b. p.j, 177®, with an odour 
like that of mushrooms (Found : S, 32*4. CgH^ONS* requires S, 32*66%). 

2-Chloroacetylp^rrole. — ^The procedure according to Blicke et aL {loc. dt.) was followed, but the reaction 
mixture of the ketimine hydrochloride was allowed to stand for 18 hours before filtration, the hydrolysis 
solution made neutral to Congo-red with sodium acetate before being heated, and the required product 
extracted from the resin by repeated refluxing with carbon tetrachloride. With these variations, a 
36% yield was obtained. 

♦ B.P. 671,077 gives b. p.^ 120 — 130® but no analysis. 
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2-^ -Obtained like the furyl analogue, the base formed creamy needles, 
m. p, 160®, from hot water (Found : N. 24-9; S, 19-4. C^H^NaS requires N, 24*45; S, 19*4%). The 
hydrochloride, m. p. 200® (decomp.), formed greenish needles from alcohol. 

4e‘{2'“Pyfyyl)'-2-inethyUhiazole. — ^Thioacetamide (1*6 g. ; 0*02 mol.) and 2-chloroacetylp3nrrole (2*87 g. ; 
0*02 mol.) were dissolved in warm ethyl alcohol (10 c.c.) and excess of anhydrous sodium carbonate 
(1*0 g.) was added. The whole was refluxed for 30 minutes, the flask being shaken well every time a 
red coloration developed. On dilution with water an oil was precipitated which solidifled. The solid 
(3*2 g.) was subjected to steam distillation giving 2*5 g. of the steam-volatile thiazole, obtained as glassy 
aggregates, m. p. 94~-96®, from methanol (Found : S, 19-85. C-HgNgS requires S, 19*55%). It can 
also be puiifled by distillation (b. p.jo 171®) or by recryslallisation of the crude condensate from methanol. 
The residue from the steam distillation (0*5 g.) formed colourless needles, m. p. 179®, from acetone. 

Di-(2-pyrroylmethyl) Sulphide. — {a) 2-Chloroacetylpyrrole (1*435 g. ; 0-01 mol), and methyldithio- 
carbamate (1*07 g. ; 0*01 mol.) or ethyl dithiocarbamate (1*21 g.), were dissolved in warm ethyl alcohol 
(6 c.c.) and, after the addition of anhydrous sodium carbonate (1*0 g.) to avoid dye formation, the whole 
was refluxed for 30 minutes. The precipitate obtained on dilution with water gave needles on recrys- 
talUsation from alcohol, m. p. 17tf — 180°, which fluoresced yellow in ultra-violet light. They were 
identical with the by-product from the thioacetamide condensation. 

(6) Equimolecular amounts of 2-chloroacetylpyrrole and ammonium dithiocarbamate were refluxed 
in alcohol for 10 minutes. Ammonium chloride was precipitated. On dilution with water the sulphide 
was precipitated, m. p. 179®, mixed m. p. with (a) 179®. 

(c) 2-Chloroacetylpyrrole (2 mol.) and sodium sulphide (1 mol.) gave the sulphide after being refluxed 
for 10 minutes in alcohol. The product had m. p. 179® and did not depress the m. p. of the specimens 
obtained under (a) and (b) (Found: C, 58-26; H, 4-8; N, 11-2; S. 12-95. CiaHiaOoN.S requires 
C, 58-05; H, 4-86; N, 11*3; S, 12*96%). 

Kesearch Laboratories, Kodak Limited, 

Wealdstone, Harrow, Middlesex. [Received, January nth, 1947.] 


331. Attempts to find New Antimalarials. Part XXVI. Further 
Derivatives of p-Phenanthroline. 

By Bryce Douglas, Rex G. Jacomb, and William O, Kermack. 

2-Chloro-/)-phenanthroline has been prepared by the action of phosphorus oxychloride and 
pentachloride on (a) l-methyl-^-phenanthrol-2-one (II) and (b) 2-hydroxy-^-f>henanthroline 
(I ; R = OH) . The former was prepared cither by the oxidation of ^-;phenanthroline methiodide 
with alkaline ferricyanide or from 6-amino-l-methylcarbostyril by Skraup reaction ; 

(I ; R = OH) was similarly prepared from 6-aminocarbostyril. Phosphorus oxychloride reacts 
with ^-phenanthroline iV -oxide to yield 2-chloro-^-phenanthroline (I ; R = Cl), and with 
^-phenanthroline di-iV-oxide to yield 2 : 7-dichloro-^-phenanthroline, which was independently 
synthesised by the action of phosphorus oxychloride and jjentachloride on 2 : 7-diketo-l : 8- 
dimethyl-1 : 2 ; 7 : 8-tetrahydro-/)-phenanthroline (III) obtained by oxidising the methiodide 
of l-methyl-/)-phenanthrol-2-one. Derivatives of />-phenanthroline with basic side chains 
have been prepared by condensation of 2-chloro-/>-phcnanthroline with appropriate amines. 

Certain derivatives of ^-phenanthroline, including a number carrying basic side chains in 
positions 2 and 4, have been described by Kermack and Weatherhead (/., 1940, 1164). 
2’Chloro-’p~phenanthroJine (I ; R == Cl) has now been prepared by oxidising the methiodide of 
^-phenanthroline with alkaline ferricyanide to l-methyUp-phenanthroU2'‘one (II) followed by 
treatment of this with phosphorus oxychloride containing phosphorus pentachloride. That the 
chlorine atom in this compound is in fact in the 2-position was proved by preparing it from 
6-aminocarbostyril, which by means of a Skraup reaction was converted into 2~hydroxy-p- 
phenanthroline (I; R = OH), and the latter with phosphorus oxychloride and pentachloride 
readily yielded the same chloro-^-phenanthroline as that obtained by the other route. Further 
confirmation was obtained by an independent synthesis of l-methyl-;^-phenanthrol-2-one by 
means of a Skraup reaction on 6-amino- 1-methylcarbostyril. 



An entirely difierent route for the synthesis of 2-chloro-^-phenanthroline has also been 
explored, similar to that used by Kermack and Tebrich (/., 1946, 375) for the synthesis of 
2-chloro-m-phenanthroline. When /)-phenanthroline was treated with approximately 1 mol. of 
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pei1>en2oic acid the mono-iST-oxide, m. p. 232 — ^233^, along with some impure di^AT-oxide was 
obtained. The di-AT-oxide, m. p. 324 — 325^, was isolated from an experiment in which a larger 
proportion of perbenzoic acid was used, Evaps and Linsker (/. Amer. Chem. Soc„ 1246, 68, 
403) claim to have formed the di-iV-oxide by the action of hydrogen peroxide on the ba^ in 
acetic acid, but their m. p. (308®) is lower than ours. The action of phosphorus oxychloride on 
the mono-N-oxide gave 2-chloro-p-phcnanthroline as main product; by treating the di-N-oxide 
in a similar way a compound, m. p. 315— -316®, was isolated which was shown to be 2 : 1-dichloro* 
p-phenanthroline in the following way. The methiodide of l-methyl-^phenanthrol-2-one was 
oxidised with alkaline ferricyanide to 2 : 7-d»Asfo-l : %-dimethylA : 2 : 7 : Metrahydro-p*phenan- 
throline which, when heated in a sealed tube at 160® for 24 hours with phosphorus oxychloride 
and pentachloride. yielded 2 : 1-dichloro-p-phenanthroline identical with a compound isolated 
from the product of the action of phosphorus oxychloride on the di-AT-oxide of ^phenanthroline. 
An attempt was made to form the dimethiodide of ^-phenanthroline by treating the base with 
methyl iodide under a variety of conditions including heating with a large excess of methyl 
iodide in nitrobenzene in a sealed tube, but the product consisted practically entirely of the 
monomethiodide. 

As expected, 2-chloro-^-phenanthroline reacted readily with primary amines to form com- 
pounds such as 2-(2-diethyaminoethylamino)-, 2-{3-diethylaminopropylamino)-, and 2-(4- 
diethylammo-l-methylbutylamino)-j^-phenanthroline, characterised respectively as irihydro^ 
bromide, trihydrohromide, and fns-3 : b-dinitrobenzoate. 


Experimental 


p-Phenanthroline Methiodide . — /)-Phenanthroline (25 g.) was heated under reflux with methyl iodide 
(100 c.c.) in nitrobenzene (260 c.c.) for 2 hours on a water-bath. Yellow needles of the methiodide 
separated during the reaction, and on cooling a further amount was deposited ; the combined products 
were dried in a vacuum and recrystallised from water; yield 38 g., m. p. 270 — 271® (Found: I, 38-7. 
CigHjiNjiI requires I, 39-4%.) 

l-Methyl-ji-phenanthrol’2,~one. — (a) A mixture of 6-amino- l-methylcarbostyrU (3-9 g.), 69% sulphuric 
acid (42 g.b 80% arsenic acid (12 g.), and 90% glycerol (7*2 g.) was refluxed in an oil-bath tor 2J hours 
at 160°. The mixture, after dilution with an equal bulk of water followed by flltration, was made 
strongly alkaline with lON-sodium hydroxide solution, and the precipitate collected. This brown solid 
was purified by prolonged extraction with ether (Soxhlet), the ether yielding 2*5 g., long yellow needles 
of \-methyl~p^henanthroU2-one, m. p. 242° (Found: C, 74*2; H, 6*0. CijHxoON, requires C, 74*3 ; 
H, 4-8%). 

(b) To a solution of potassium ferricyanide (2T9 g. in 200 c.c. of water) were added alternately small 
portions of solutions of ^-phenanthroUne methiodide (9 g.. in 500 c.c. of water) and sodium hydroxide 
(4-2 g. in 100 c.c. of water). When the addition of both solutions had been completed, the mixture was 
set aside for J hour and then made strongly alkaline with IOn - sodium hydroxide (260 c.c.). The yellow 
precipitate was collected, dried on a porous plate, and extracted for 3—4 hours with benzene (260 c.c.) 
under reflux. After filtration, the process was repeated twice. On cooling, the benzene deposited 4*6 g. 
of a light yellow material, m. p. 246—246°, and on concentration a further 0*6 g. was obtained, m. p. 
245—246°, mixed m. p. with l-methyl-2-^-phenanthrolonc, prepared as above, 243 — 244°. 

2’HydYOxy-p-phenanthfoline. — A mixture of 6-arainocarbostyril (2*6 g.), arsenic acid (3*2 g.), 
concentrated sulphuric acid (4*4 g.), and glycerol (4*8 g.) was refluxed gently for 6 hours, then diluted 
with water to at)Out 60 c.c. An inorganic brown solid (0*6 g.) was filtered off, and the filtrate, on 


neutralization with lON-sodium hydroxide solution, deposited a brown solid which redissolved in excess 
of sodium hydroxide. The alkaline scflution was neutralised with acetic acid and the precipitate whidfci 
formed was filtered off, yielding 2*7 g. of a brown solid, m. p. 305 — 310°. Recrystallfeed several times 
from ethanol, 2-hydroxy~p-phenanthrmne formed yellow needles, m. p. 302 — 303° (Found : C, 66*76 ; 
H, 6*0. CxaHgONj.HjO r^uires C, 67*3; H. 4*7%.) 

2^Chloro-^-phenanthroHne. — (1) From H^hydroxy-p-phenanthroHne. A mixture of 2-hydroxy-^ - 
phenanthroline (1 g.), phosphorus pentachloride (1 g.), and phosphorus oxychloride (10 c.c.) was refluxed 
for 32 hours in an oil-bath, almost complete solution then having taken place. The excess of oxychloride 
was removed by distillation in a vacuum, and the resulting mass treated with about 100 c.c. of water. 
Traces of a reddish oil separated and were removed by filtration. After the filtrate had been made 
slightly alkaline with lON-sodium hydroxide solution, the white flocculent precipitate was filtered off 
and dried on the water-bath ; yield 1*2 g. Recrystallised from aqueous ethanol, this yielded 0*7 g. of 
long white needles of 2-chtbro-v-phenanthroline, m. p. 189 — 190° (Found ; C, 66*6; H, 3*7. Ci,H,N.Cl 
requires C, 67*1 ; H, 3*3%). 

(2) From \-methyyp^phenanthrol-2-one, A mixture of l-methyl-p-phenanthrol-2-one (8 g.), 
phosphorus pentachloride (8 g.), and phosphorus oxychloride (48 c.c.) was divided into two parts and 
heated in two sealed tubes for 6 hours at 160°. After removal of excess of oxychloride by distillation 
in a vacuum, the reddish product was treated with ice, the solution made alkaline with ammonia, and 
the precipitate collected, washed with water, and dried on the water-bath, yielding 3*6 g. of a greyish- 
brown powder, m. p. 188°; recrystallised from ligroin, it formed white ne^les, m. P. 191° (Found : C, 
67*1 ; H, 3*6%), showing no depression on admixture with a sample prepared as in (l). 

p-Phenanthroline .-^-Phenanthroline (10 g., m. p. 172°), dissolved in dry dhloroform (60 c.c.), 

was mixed with a solution of perbenzoic add (8 g.) in chloroform (420 c.c.) (prepared ae in Org. Synth., 
Coll. Vol. I, 1st edn., p. 422). The mixture was kept below 0° for 24 hours, the chlorolorm removed, the 
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residue extracted four times with 10-c.c. portions of 2N"hydrochloric acid, and the extract rendered 
alkaline and extracted with chloroform (lO^.c. portions). The first six extracts on removal of the 
chloroform yielded material, m. p. 200 — 210° (4-6 g.), wluch after two recrystallisations from ethanol 
yielded white needles of p-phenanthroline N-oxide, m. p. 233 — 234° (3*6 g.) (Found : C, 73*8; H, 4-2. 
C 11 H 8 N 2 O requires C, 73*6; H, 4-1%). Further chloroform extracts yielded some impure di-AT-oxide 
(2 g.)* 

p-Phenanthroline Di-N -oxide. — ^-Phenanthroline (10 g,, m. p. 172°), dissolved in dry chloroform 
(60 C.C.), was mixed with a solution of perbenzoic add (12 g.) in chloroform (1030 c.c.) and kept below 0° 
for 2 days. Pale yellow needles, which separated, were collected, drained, washed with chloroform, and 
dried (11 g., m. p. 320 — 321°). The filtrate was evaporated to dryness, the residue extracted three times 
with 10-c.c. portions of 2 n - hydrochloric acid, and the extract made alkaline with lON-sodium hydroxide 
solution and extracted with chloroform. On removal of the chloroform, 0-2 g. of m. p. 309 — 310° was 
obtained. The total crude product was recrystallised from hot water, yielding white needles (8*8 g., 
m. p. 324— 326°) (Found : C, 68-3; H, 4*1 ; N, 13-7. Calc, for CigHgOiNj : C, 67-9; H, 3*8; N, 13*2%). 

2-Chloro-p-phenanthroline from p-Phenanthroline 1^-Oxide. — Phosphorus oxychloride (3 c.c.) was 
added to the dry oxide (1 g., m. p. 232 — 233°), heat being evolved. The mixture was refluxed for 2 hours 
at 120 — 126°, rile excess of oxychloride removed in a vacuum, and the greyish 33 mip treated with cold 
water (26 c.c.). The solution was rendered alkaline with lON-sodium hydroxide solution, the deposit^ 
solid collected after 24 hours, drained, washed with water, dried, and recrystallised from ethanol ; yield 
0^3 g., m. p. 190 — 191° undepressed on admixture with a specimen prepared as above. 

^Keto-l-meihyl-\ : 2-dihydro-p-phenanthroline Methiodide. — l-Methyl-;^-phenanthrol-2-one (0-6 g.) 
was heated under reflux with methyl iodide (4 c.c.) in nitrobenzene (10 c.c.) for 8 hours on a water-bath. 
The mixture was cooled, and the crystals collected, washed with fresh nitrobenzene, and dried, m. p. 
289 — 290°. Recrystallisation from methanol gave yellow needles of 2-keto-l-methyl-l : 2-dihydro-p- 
phenanthroline methiodide^ m. p. 290 — 291° (Found : C, 47*9 ; H, 3*9. Ci 4 Hi 8 N 2 l requires C, 47*7 ; 
H, 3*7%). 

2 : 1-Dikeio-l : S-dimefhyl-l : 2 : 7 : S-teirahydro-p-phenanthroline. — A solution of sodium hydroxide 
(0*3 g.) in water (7*2 c.c.) and a solution of potassium ferricyanide (1*6 g.) in water (16 c.c.) were added 
alternately to a solution of l-methyl-^-phenanthrol-2-one methiodide (0*7 g.) in water (36 c.c.), and the 
solution kept for J hour at room temperature. The deposited crystals were collected and lON-sodium 
hydroxide solution (18 c.c.) was added to the filtrate, whereupon more crystals separated; recrystallis- 
ation of the crude material from water gave yellow needles of 2 : 7-diketo-l : B-dimethyl-l : 2 : 7 : 8- 
tetrakydfo-^p-phenanthfoline (0*4 g., m. p. 36^—364°) (Found ; C, 67*0 ; H, 6*1 ; N, 11*3. 
requires C, 67*5; H, 6*2; N, 11*2%). 

2 : 1-Dichloro-p-phenanthroline. — (1) A mixture of the foregoing compound (0*2 g.), phosphorus penta- 
chloride (1 g.), and phosphorus oxychloride (3 c.c.) was heated in a sealed tube for 24 hours at 160°. 
The excess of oxychloride was decomposed with iced water, and the solution made strongly alkaline with 
lON-sodium hydroxide solution. The deposited greyish material was collected, washed with water, dried 
in a vacuum, extracted with hot ethanol, and the concentrated extract allowed to crystallise, yielding 
white needles, m. p. 310 — 311° ; further crystallisation from ethanol yielded 2 : 1-dichloro-p-phenanthroline, 
m. p. 316—316° (Found: C, 63*6; H, 2*7; N, 10*1. Ci,H 4 N 2 Cl 2 ,HaO requires C, 53*9; H, 3*0; 
N, 10*6%). 

(2) Phosphorus oxychloride (24 c,c.) was added to dry /?-phenanthrolme di-iV-oxide (2 g.), heat being 
evolved. The mixture was heated at 125° for 6 hours, the excess of oxychloride removed in a vacuum, 
and the residue dissolved in llN-hydrochloric acid (40—50 c.c.) to give a muddy brown solution which 
was rendered alkaline with lON-sodium hydroxide solution to precipitate whitish material which was 
collected and dried, m. p. 240 — 250°. Prolonged extraction (1 day) with hot ethanol yielded 1 g. of 
material, m. p. 300—310°, which on recrystallisation from ethanol yielded 0*2 g. of 2 : 7-dichloro-/)- 
phenanthroline, m. p. 316—316°; mixed m. p. witii a sample prepared as above showed no depression. 

2-(2-Diethylaminoeihylamino)-p-phenanthroline. — 2-Chloro-j^-phenanthroline (0*4 g.) was refluxed 
with 2-diethylaminoethylamine (1 c.c.) at 140° for 3 hours. The excess of the latter was removed in a 
vacuum on a boiling water-bath to yield a solid yellow residue ; this was dissolved in ethanol, and to it 
were added a few drops of ethanolic hydrobrqmic acid followed by a few drops of acetone, affording cream 
platelets of the hydrobromide (0*3 g.), m. p. 284 — 286° (Found: C, 40*0; H, 6*0. Ci8Ha2N4,3HBr 
requires C, 40*2; H, 4*65%). 

2-(Z-Diethylaminopropylamino)-p-phenanthroline. — 2-Chloro-^-phenanthroline (0*5 g.) was refluxed 
with 3-diethylaminopropylamine (1 c.c.) for 2 hours at 160°. When the product was worked up as 
above, but without addition of acetone, it afforded a hydrobromide which, recrystallised three times from 
ethanol, melded pale yellow platelets (0*3 g.), m. p. 268 — 270° (Found: C, 39*9; H, 4*9; N, 9*8. 
Ci#H84N4,3HBr,H80 requires C, 40*1; H, 6*1; N, 9*8%). 

2-(i-Diethylamino-\-methylbutylamino)-p-phenanthroline. — 2-Chloro-/)-phenanthroline (0*2 g.) was 
reflux^ with 4-diethylamino-l-methylbutyiamine (0*4 c.c.) for 6 hours at 180°. The excess of reagent 
was removed in a vacuum, the syrupy residue dissolved in ethanol, and a few drops of a saturated 
ethanolic solution of 3 : 6-dinitrobenzoic acid added. An oil was deposited which solidified on standing 
for 2 weeks. The collected tris-Z : ^dinitrobenzoate, recrystallised five times from ethanol, had m. p. 
93—94° (Found : C, 61*8, 62*4; H, 4*8, 4*7; N, 14*1. C 2 iH, 8 N 4 , 3 C 7 H 404 N 2 ,C 2 H 50 H requires C, 52*0; 
H, 4*6; N, 13*7%). 

We have to acknowledge our indebtedness to Miss A. Weatherhead who first prepared ^-phenan- 
throline .^/-oxide, and we thank the Medical Research Council for a grant which defrayed part of the 
expenses of this work. 
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332. The Crystal Structure of OsCuCla and the Crystal Chenmlry of 

Complex Halides ABX,. 

By A. F. Wells. 

The crystal structure of CsCuClt is detennined. The crystals are hexagonal, a = 7*20, 
c ^ 18*00 A. ; space-group C6i2, with 6 molecules of CsCuCl^ per cell. There are infinite chain 
ions of composition (CuCl,)r formed by planar CUCI4 groups joined up by sharing two adjacent 
chlorine atoms, these ions being in the form of spirals around the six-fold screw axes. They are 
held together laterally by the cassium ions. The crystal chemistry of complex halides ABX3 is 
discussed. 

The structure of the compound CsCuCl, is of interest both in connection with the stereochemistry 
of copper and also because of its close relation to a number of other halides ABXs, in which the 
A and X atoms together are close-packed. Except for the hydrated compounds CuCl2,2HaO 
(Barker, Z, Krist., 1936, 98 , 136; MacGillavry and Bijvoet, ibid,, 1936, 94 , 231) and 
KjCuCl4,2H20 (Chrobak, ibid., 1934, 88, 36), little is known of the structures of cupric halides, 
simple or complex. The crystal structures of the cupric halides themselves are not known, and 
only the unit-cell dimensions and space-groups of the compounds KCuBrg (Silberstein, Compt. 
rend., 1939, 209 , 640) and Cs,CuCl4 (Mellor, Z, Krist., i939, 101 , 160) have been determined. A 
note on CsCuClg was published recently (King and Sears, J. Amer, Chem, Soc,, 1946, 68, 1133) 
but the authors were unable to determine its crystal structure. 

In the Periodic Table the elements around copper which exhibit bivalency are : 

Mn Fe Co Ni Cu Zn 
Pd (Ag) Cd 

As regards its crystal chemistry Cu^ appear to be most closely related to Pd^^. For instance, 
the monoxides MnO, FeO, CoO, NiO, and CdO have the rock-salt structure, ZnO the wurtzite 
and the zinc-blende structure, but CuO a quite different structure, very similar to that of PdO, 
in which there is square co-ordination of the metal atoms by oxygen. The difluorides MnFg, 
FeFj, CoFa, NiFg, and ZiiFg have the rutile structure, and CdFg the fluorite structure. CuFj 
apparently has neither of these structures (v. Wartenberg and Laves, Z. anorg. Chem., 1939, 
281 , 381) ; that of PdFa is unknown. The dichlorides of Mn, Fe, Co, Ni, Zn, and Cd all crystallise 
with the cadmium chloride structure, in which a metal atom forms six octahedral bonds, but 
crystalline PdClj is built up of infinite chains in which each Pd forms four planar bonds. ■ The 
bonds formed by the former elements in complex halides are discussed later. It will be shown 
in this paper that in CsCuClg copper forms four planar bonds, again resembling Pd^^ rather 
than the other elements mentioned above. The relation of the structure of CsCuClg to that of 
CsAuClg and other halides ABXg will be discussed later. 

Determination of the Crystal Structure. — Crystals of CsCuClg are readily grown from an 
aqueous solution containing caesium chloride and an excess of cupric chloride. The gamet-red 
crystals are hexagonal prisms {lOlO} terminated by bipyramids, or, if grown slowly, essentially 
bipyramids {lOll}. They are uniaxial and exhibit dichroism, the colour transmitted being 
brownish-red for vibrations along c and yellowish for vibrations perpendicular to c. No 
pyro-electric effect has been detected. The cell dimensions, a = 7*20 a., c « 18*00 a., are in 
good agreement with the values given by Klug and Sears {loc. cit.). The density, 3*65 g./c.c., 
indicates that the unit cell contains 6 CsCuCl, molecules. X-Ray photographs (Cu-X^ radiation) 
show that the Laue symmetry is 6/w*ww. The only systematic absences observed were in the 
orders 000/, which appear only for / = 6w, indicating the space-group C6i2 (or C652). The 
crystal class 62 is consistent with the face development. 

The cell dimensions are closely related to those of CsgTlgCl® (Powell and Wells, /., 1935, 
1008; Hoard and Goldstein, /. Chem. Physics, 1935, 8, 199), for which a =5; 12*82 (=\/3 x 7*40), 
c = 18*27 A., and suggest that the structure of CsCuClg also consists essentially of six close- 
packed (CsClg) layers of the type shown in Fig. 1. In the investigation of CsgTlgClg it was 
found that lamellar twinning, leading to a higher apparent symmetry, usually occurred. 
Crystals of CsCuClg were therefore grown both very rapidly and very slowly, and their X-ray 
photographs compared. No differences were detected, and it was assumed that twinning of the 
type encountered in the thallium compound was not occurring in this compound. In CsgTlgClg 
the thallium atoms are arranged in pairs of adjacent octahedral holes between the close-packed 
layers. Since an octahedral environment of 6 Cl (at about 2*5 a.) would not be unreasonable for 
copper, it was decided first to try all the possible arrangements of copper atoms in octahedral 
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holes. For any structure consisting of six close-packed layers, which contain all the Cs and Cl 
atoms, the orders of 000/ with / 4* will occur only (1) if the layers are displaced from their ideal 
heights, c/6 apart, or ( 2 ) if the Cu atoms are placed in such positions as to contribute to these 
orders. The survey of possible structures based on octahedrally co-ordinated copper was 
therefore not restricted to those containing Oj (or 65) axes, but was carried out in the most 
exhaustive way in order to eliminate such structures conclusively. 


Fig. 1. 



Close-packed CsClg layer (cessium ions represented by shaded circles) » 

The problem is to determine the possible structures built of six close-packed layers, each of 
composition CsClg, held together by 6 Cu placed in octahedral holes between sets of 3 Cl in 
adjacent layers. Adopting the conventional nomenclature, each layer may be an A, B, or C 
layer (t.e., the Cs is at f J, or 00 ), with the provisos that similar layers may not be adjacent, 
and the repeat unit along the c axis must not exceed 6 layers. It is necessary to place one Cu 
between each pair of layers, for the following reason. The possible positions for Cu atoms lie 
on the lines 00^, or § but on either side of a layer of a given type only two of these positions 
are possible. Representing the long diagonal of the base of the unit cell (the broken line in 
Fig. 1 ) as a horizontal line, we may indicate these possibilities as in Fig. 2a, so that between 


Fig. 2. 
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Possible positions of Cu atoms : (a) on either side of an A, B, or C layer ; (b) between AB, BC, or 

CA layers. 


layers AB, BC, CA the only possible positions for Cu are those shown at (6), Fig, 2 . The various 
sequences of layers lead to five possible structures. These are summarised diagrammatically 
in Fig. 3 as elevations on (ll 20 ) of one unit cell. 

If a layer is represented by h when the two surrounding layers are of the same type, and by 
c if they are of different types, then the sequences of close-packed layers in these structures are 
( 1 ) h, ( 2 ) Ct ( 3 ) he, ( 4 ) hcc, (6) hhhchc. Of these the first four are well known as the four simplest 
types of close-packing. In the first two, hexagonal and cubic close-packing respectively, all 
the spheres are equivalent; in the second two there are two kinds of non-equivalent spheres. 
The fifth structure is of a more complex type, and contains four kinds of non-equivalent spheres — 
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it » intexeitiag as the cmly one of the stx-tenn set with a nspeat unit of only six layers.*^ In 
structure (1) there are infinite chains of octahedra formed by sharing opposite laces. Structure 
(2) is perovskite structure. The only structures to be tested are (4) and {&), borir of whkh 
contain h^&nite 3-dimensional (MXg) ions farmed by MX« octahedra sharing all thcar X atoms 
with other octahedra. The mode of lixikmg of the octahedra is discussed later. Both these 
structures can be built up to conform to the space-group Ci^2, but a comparison of intensitkss 
calculated on the basis of either of these structures with those observed for CsCuClg shows that 
neither is the structure of this compound. In CBm2 the only variable x parameters are those of 
the chlorine atoms, and no small modification of the ideal structures could possibly account for 
the observed intensities. For example, they both give Feoo = F^qi *= 0, whereas 600 

is quite weak and 601 > 600. It is therefore concluded that CsCuClg does not possess a structure 
injwhich Cu is octahedrally co-ordinated by six chlorine atoms. 


Fig. 3. 



a) (2) C3) (4) (5) 

dumber of 

Jayers in 'L 3 4 6 6 

repeat unit. 

Possible sintctures for a complex halide CsMClg, assuming octahedral co-ordination of M atoms 

(diagrammatic). 

To account for the general nature of the AOO and ^^0 intensities it is necessary to shift the 
-close-packed layers relative to one another. Starting with structure (1), with hexagonal 
-close-packing of {Cs + 3C1) and Cu atoms with six octahedral neighbours at about 2*6 A., it is 
possible by suitable translations of the layers relative to one another to give each Cu four nearest 
Cl neighbours at about 2*3 A. and two more distant neighbours. The relation between a pair of 
adjacent layers is that shown in Fig, 4. In order to fit this new arrangement into the space-group 
C6i2 the three chlorine atoms in any layer are no longer equivalent, and the centre of 
the (distorted) octahedron of chlorine atoms now lies off the line 00^. The Cu atoms are 
therefore arranged around the screw axis in a spiral arrangement. Slight movements from the 
positions in the ideal close-packed layer of Fig. I were necessary to improve the agreement 
between observed and calculated intensities, and the following parameters were finally chosen 
as giving the best overall agreement : 

Cu : 6(a), atOO, etc., x = 0-07 Ch : 6(6), x, 2x, J, etc., x = 0*90 

Cs : 6(6), ;*r, 2x, i, etc., = 0-346 Cl^ : 12(c), xyz, etc., ^ = 0-36, y = 0-22, x = 0-26 

* The simplest close-packed arrangements are tabulated below, together with the numbers of layers 
in a repeat unit. Certain of these, containing only two types of non-equivalent atom, have recently 
been discussed by HSgg (Arkiv Kemi, Min, Geol,, 1942, 16, B, No. 3), in connection with the structures 
of the cadmium halides. 



No. of layers 


No. of layers 

Symbol. 

in repeat unit. 

Symbol. 

in repeat unit. 

h 

2 

hhccc 

5 

c 

3 

hhhcc 

10 



hchch 

10 

he 

4 

hcccc 

10 



chchc 

16 

hcc 

6 

hhhhc 

15 

chh 

9 





hhhchc 

6 

hhhc 

8 

hhhhhc 

12 

ccch 

8 

hccccc 

12 

cchh 

12 

hhhccc 

12 



hhcchc 

12 



hhhkcc 

18 



hhcccc 

1$ 



ccchch 

18 





1665 


[1947] the Crystal Chemistry of Complex Halides ABXj. 

It will be seen that there are hve parameters in the basal plane which can be varied 
independently. The structure is not centio-symmetrical, and owing to its nature there is no 
simple way of refining the parameters. Further work on such a structure would be very tedious 
and not very profitable, for the only bond length of special interest is Cu-Cl, and this structure 
would not be chosen for an accurate determination of this bond length. Intensity relationships 
between pairs of AOO and AAO reflexions of similar spacing were used to obtain the x and y 
parameters given above. The only variable z parameter is that of the 12-fold chlorine position. 
This was assumed to be 0'26, thus keeping all the groups of chlorine atoms coplanar with the 
caesium atoms at heights 1/12, 1 /4, 6/12, etc. There are so many striking intensity relationships, 
particularly in series of AO/ reflexions, which are all accounted for at least qualitatively, that the 
structure can certainly be accepted as essentially correct. The intensities of 67 reflexions, of all 


Fig. 4. 



Relation between pairs of adjacent close-pachcd layers in CsCuClg. 


kinds, calculated as proportional to F*(l -f cos2 20/sin 20), are compared with the observed 
intensities in Table I. The /-curves used were those for Cu^^, Cs+, and Cl“ given in the 
** International Tables for the Determination of Crystal Structures Since the copper is 
certainly not present as cupric ions, this is not very satisfactory, but this difficulty always arises 
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in a structure in which the bonds difEer appreciably in amount of ionic character. Absorption 
of Cu-ATa tadiation by this crystal is appreciable, necessdtating the use of a very small 
equidimensional crystal, A temperature factor has not been incorporated into the calculated 
intensities, nor has allowance been made for absorption, the effect of which may be appreciable 
for some reflexions . 

Description of the Structure . — ^The structure, which is illustrated in Fig. 5, consists essentially 
of close-packed layers of composition (CsCla)^ arranged approximately in hexagonal close-packing, 
with the copper atoms between the layers surrounded by four chlorine atoms in a square planar 
configuration. The next nearest neighbours of a copper atom are two more chlorine atoms, 


Fig. 5. 



Unit cdl of the crystal structure of CsCuCl^. The stippled circles represent chlorine atoms 
forming part of one (CuCJa)^" ion. 


forming with the other four a somewhat distorted octahedron. The square CuCla groups are 
arranged in a spiral around six-fold screw axes and are joined up, by sharing two adjacent 
comers, to form infinite chains of composition (CuCla);}". The structure may therefore 
alternatively be regarded as consisting of infinite chain ions (CuClj);* held together laterally by 
Cs+ ions. This chain ion (I) is the analogue, for 4-square co-ordination, of the (SiOa)^**" ion in 
diopside (II), in which tetrahedral Si04 groups are joined up by sharing comers. The infinite 


Ck 

cXc, cXc, ^ 


Cl'' 

(I.) (Cuci,);-. 


\/V 

(II.) (si03)r* 


linear molecules in PdCl^, formed by planar PdCl4 groups sharing opposite edges, are related in a 
similar way to the infinite chain molecules in SiS^, which contains tetrahedral 8184 units (III). 


(III.) 
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From the parameters given above the following interatomic distances are calculated : 

^ r 2 Cl at 2*30 A, Cs : 6 Cl in same close-packed plane 3*40 — 3*82 a. ; mean, 3-64 a. 

\ 2 Cl at 2*27 a. 4 Cl in adjacent planes, 3*56 — 3-69 a. ; mean, 3*63 a. 

2 Cl at 2*66 a. 2 Cl in adjacent planes, 4*13 a. 

The Cu-Cl bond length is, to within the probable accuracy, the same as that found in 
KaCuCl4,2HaO and CuCl2,2H20. 

Discussion, — ^The adoption of this structure by CsCuClg emphasises the point made in the 
introduction, that in its crystalline compounds bivalent copper tends to resemble Pd^^ rather 
than the elements Co, Ni, or Zn. It has been shown that there are several possible structures 
for CsCuCia containing 6-co-ordinated cupric ions with Cu~Cl about 2*5 a., with an equally 
satisfactory packing of Cs+ and Cl" ions. In preference to these, however, CsCuClj adopts a 
structure with a distorted Cs-Cl packing in order that the copper atoms shall have only four 
nearest neighbours arranged at the comers of a square. 

It is worth while considering briefly the general nature of the structures shown in Fig. 3, as 
this is of interest in connexion with the stability of complex halides CSMCI3. In the perovskite 
structure, ABXs, every BX* octahedron shares its comers with 6 other such octahedra, while in 
structure (1) , Fig. 3, the octahedra are joined together into chains by sharing opposite faces. This 
type of complex ion has so far not been found, and may well be unstable owing to the close 
approach of the two B atoms. The linking of such octahedral co-ordination groups by sharing 
faces is not known to proceed beyond the formation of the ion (BgXg), in CsgTlgClg, etc. In 
such an ion the repulsion of the B atoms does lead to some distortion of the BXg octahedra, a 
type of distortion which is not possible if the linking of octahedra proceeds further. The 
remaining three structures in Fig. 3, viz., (3), (4), and (5), are, as regards the mode of linking of 
the BXg octahedra, intermediate in nature between structures (1) and (2). In structure (3) all 
the BXg octahedra are equivalent and share three corners with other octahedra and 
the remaining three (a face) with a fourth octahedron. In structures (4) and (5), however, the 
BXg octahedra are no longer all equivalent. In (4), two- thirds share a face and three corners, 
one- third six corners, while in (5) two-thirds share a face and three corners and the remainder 
two faces. It seems probable, therefore, that all the structures (1), (3), (4), and (5) in Fig. 3 
^vould be less stable than (2), the perovskite structure, so that we should expect halides KMFg 
or CsMClg containing octahedrally co-ordinated atoms, if they are formed at all, to have that 
structure. Now, although the simple halides MClg of Fe, Co, Ni, and Zn all crystallise with a 
structure in which the metal atom is surrounded by six chlorine atom at about 2*5 a., stable 
complex halides CsMClg are rare. Moreover, in the complex halides they do form they exhibit, 
in the compounds so far studied, a lower co-ordination number than in the simple halide. (It 
should be remarked that cadmium behaves differently from the above elements and retains 
♦)-co-ordination in its complex halides, which are therefore different structurally, and also often 
in formula type, from those of Fe^i, Co, Ni, and Zn.) 

Table II. 


Complex chlorides of the type 


Co-ordin- Fe^i. 

Co« Ni. 

Cu”. 

Zn. 

Cd. 

ation of ? 

4, ? 

4, 

4, 

6 , 

B by Cl. 

tetra- 

planar.^ 

tetra- 

octa- 

n. 

hedral.^ 

hedral.® 

hedral.* 

Na None 

None ? 

None 

? 

? 

K 3 KFeCl8,2H20 

4 K2FeCl4,2H20 

None KNiCl3,5H20 

KCuClg 

KZnCl3,2H20 

KCdClg’HgO 

KaCdCl* 

— — 

K2CuCl4,2H30 

K2ZnCl4 (and 
2H,0) 

5 — 

— — 

— — 

— 

[n = 6 : 
K4CdCle] 

Rb 3 ? 

RbCoCl3,2H20 ? 

Rb2CoCl4,2H20 — 

? 

? 

RbCdCl, 

4 — 

— 

? 

RbgCdC'b 

5 — 

— — 

— 

— 

[n : 

Rb4CdCle] 

Cs 3 CsFeCl.,2H*0 

4 Cs2FeCl4,2H20 

CsCoCl3,2HaO CsNiCIg 

CsCuClj 

— 

CsCdClg 

CsgCoCla — 

CsgCuCh 

CsgZnCb 

CSjCdCb 

5 — 

CSgCoCl 3 

CsgZnClj 

— 


1 Established in CsgCoCl, (Powell and Wells, 1935, 369). * Established in CsCuClg. 

® Established in {NHJ.ZnQg (King and Alexander, J, Amer. Ghent. Soc., 1944, 66 , 1056). 

* Established in RbCdClg (MacGillavry, Nijveld, Dierdorp, and Karsten, Jiec, Trav. chim., 1939, 58 , 
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Table II gives a general, though rather incomplete, picture of the types of complex chloride 
formed by these elements which can be isolated from aqueous solution at 25^. Of the elements 
Co, Ni, and Zn, apparently only Ni forms a halide of the type CsMClg (Campbell, Amer. 
Sci,, 1894, 418 ; Z. anorg, Chem,, 1895, 8, 126). The salt CsNiClj is obtained by evaporating 

a concentrated solution containing 12 CsCl : 1 NiClj, and it is immediately decomposed by 
water. Its structure is not known. In the case of iron and cobalt, the dihydrates are obtained. 
It would seem that the compounds CsFeClj, etc., are on the borderline as regards stability 
towards water, and that while CsNiClj can just be prepared from aqueous solution in the presence 
of a very large excess of CsCI, the others take up 2 H 2 O, presumably between the chains as in 
KjSnC] 4 ,H 20 . With the smaller rubidium and potassium ions hydration is more frequent and 
often occurs also in the salts M 2 FeCl 4 , 2 HaO, etc., while sodium salts are in general not obtainable 
at all. This effect is well illustrated by the complex caesium-cobalt chlorides (see Table II) and 
by the alkali-copper halides : 

Cs. Rb K. Na. Li. 

CsCuClg ? KCuClj — LiCuCl8,2HaO 

CsaCuCl^ — — None — 

(Cs2CuCl4.2H20) — K3,CuCl4,2H20 — — 

Whereas CsCuClg is a stable salt, KCuClj is unstable in moist air, decomposing to a mixture of 
two hydrated salts (CuCla, 2 H 20 and K 2 CuCl 4 , 2 H 20 ), and KCuBrg is very hygroscopic. The 
appearance of a hydrated lithium salt, in contrast to the non-existence of sodium salts, is 
presumably due to the fact that an entirely different type of structure becomes possible for the 
very small, tetrahedrally co-ordinated lithium ion. Similar variations in degree of hydration 
and stability towards water are found in many other series of complex halides, e»g., the 
dichloroiodides, hexachloroplatinates, etc. 

This question, why certain compounds are ^'ormed by one element and not by others, is 
obviously of great interest in chemistry. The direct approach would involve the calculation of 
the lattice energies of all possible structures for the hypothetical compound, but this exhaustive 
treatment is not likely to be possible in many cases. In general, it is not possible even to deduce 
all the reasonable structures for a given compound, so that in the most favourable cases we 
should only be able to say that one or more specified structures would be unstable, without being 
sure that there are no other structures the compound could adopt. 

In the case of halides CsMClj (where M ~ ^In, Fe, Co, Ni) it would seem that the perovskite 
structure should be the most stable, it being assumed ( 1 ) that the Cs and Cl will be essentially 
close-packed, and (2) that structures of the type adopted by the larger Cd, containing “ band ” 
ions (CdClj);-, are not possible for these elements. The instability of these compounds would 
therefore suggest that the perovskite structure, with linear M~C1“M bonds, is not stable for 
chlorides. [It has been stated that CsCdCla (Ferrari and Baroni, Atti R, Accad, Lined, 1927, 6 , 
418) and CsHgClg (Natta, ihid., 1927, 5, 1003) crystallise with this structure, though 
the compounds were not studied in any detail. A regular octahedral arrangement of 6 Cl 
around Hg would be very surprising, but unfortunately the precise location of the relatively 
light Cl atoms would in any case be very difi&cult.] The fact that the simple halides MnClg, etc., 
have the CdClg structure with octahedral co-ordination of the metal atoms shows that it is not 
the requirement of 6 -co-ordination which prevents the complex halides adopting the perovskite 
structure, but it is significant that in the CdCla structure the chlorine bonds are non-linear. In 
complex oxides the ideal perovskite structure (with linear “O- bonds) is by no means as common 
as was once thought (Megaw, Rvoc, Physical Soc,, 1946, 58, 133). We conclude therefore that 
the instability of these halides CsMCl, is due to the fact that the perovskite structure is stable 
only for the essentially ionic fluorides and oxides of the more electropositive elements. For 
chlorides it is far less Stable than for fluorides, so that instead of CsCoClg we find CsCoCl 3 , 2 H 20 , 
with presumably either infinite chain ions (C 0 CI 3 );" containing tetrahedrally co-ordinated 
cobalt and HgO molecule between the chains, or (less probably) infinite aquo-ions or bands as in 
NH 4 CdCl 3 with HjO between the “ band ” ions. 

The structures of complex halides ABXj in which the ratio of halogen to alkali-metal atoms 
is 3 : 1 are of special interest because for this ratio the X and A atoms together can form a 
close-packed array, provided they are of about the same size. The conditions for forming such 
structures are particularly favourable for K and F and for Cs and Cl, so that in all the following 
compounds the alkali and halogen atoms are close-packed : 

KMgFs KjSiF* CS 3 TI 2 CI 2 

CsCuClj etc. CsgWjClj 

CSgAuiAuTOCle CsjASaCl* 
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From the geometrical standpoint, the structures of KMgFj, KgSiFe, and CsgTljCle differ only in 
the proportions and arrangement of octahedral holes which are occupied by the more highly 
charged positive ions, leading in the last two cases to finite (SiFe)*~ and (Tl 2 Clg)*~ ions respectively. 
In the perovskite structure of KMgFg no discrete complex ions exist ; it is to be regarded as an 


Fig. 6. 



Two modes of distortion of an octahedral co-ordination group BX^, (a), to give (b) a pyramidal molecule 
BX3, and (c) a planar BX4 group. 


Fig. 7. 



(a) The perovskite structure KMgFj, with octahedral MgF® co-ordination groups ; (b) the structure of 
CSgAu^Au^Cl, with linear Au^lg and planar Au^^Cl^ groups. 


infinite 3-dimensional array of K’’’, Mg®'*" and F“ ions. For atoms which do not form six 
octahedral bonds these simple close-packed structures are not possible, and we find interesting 
variants for CSgASgClg (Hoard and Goldstein, /. Chem. Physics, 1936, 8, 117), CsCuClg, and 
CsAuClg. These illustrate three different ways of distorting an octahedral co-ordination group 
to give less than six nearest neighbours (Figs. 6 and 7), viz., 3 pyramidal (in CsgAsaClg), 4 planar 
(in CsCuClg), and 4-planar or 2 linear neighbours (in CsgAuiAuniClg). In CsCuClg all the CuU 
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atoms are equivalent and are surrounded by 4 Cl in a plane. The gold compound, although 
having a similar empirical formula, is of a dhSerent kind, containing Au^ and Au^^ atoms in equal 
numbers. Just as CsCuCl, adopts a distorted version of an idealised hexagonal close-packed 
structure, so the gold compound has a distorted version of the perovskite structure (Elliott and 
Pauling, /. Amer, Chem, 5oc., 1938, 60 , 1846). The distortion is of such a nature as to give Aui 
two nearest neighbours (linear Au^ bonds) and Au^ four nearest neighbours (4 square Au^ 
bonds), as shown in Fig. 7, {a) and (6). The mixed halide CsjAgAu^iiCle has the same structure. 
The bond lengths in the (CUCI4), (Au^Clj), (Au^ClJ, and (AgClg) groups in these closely related 
structure are very similar : 

In CsCuCla : Cu— 4 Cl, 2-29 a. 

CsjAuiAuMiCle (Aui— 2 Cl, 2*31 
A A 4 Cl, 2-30 

CsjAgAuinCle {Ag— 2 Cl, 2-36 

compare PdClg Pd — 4 Cl, 2*32 

We may summarise the crystal chemistry of these complex halides in the scheme below. 

Crystal structures of complex halides ABX3 with close-packed A and X atoms. 

Distorted perovskite structure. 

BX, regular octahedral co-ordination CsgAu^Au^Cle {Aumci|^planar 

KgSiFj structure 
Perovskite strucHire 
KMgFa 

BX 3 pyramidal 
CsjAs^Cla structure 

Fig. 3, structures 

(3), (4), (5) 

intermediate between 
perovskite structure 
and structure ( 1 ), 
below 

Structure (\), Fig. Z BX^ octahedral but BX 4 planar 

slightly distorted ow- CsCuCla structure 
ing to formation of 
B 2 X 9 ion 

CS 3 W 2 CI 9 structure 
CS3TI2CIB structure 

Research Laboratories, Imperial Chemical Industries Ltd., 

Hexagon House, Manchester 9. [Received, February Ibth, 1947.] 


333 . The Crystal Structure of Anhydrous Cupric Chloride, and the 
Stereochemistry of the Cupric Atom. 

By A. F. Wells. 

Anhydrous cupric chloride is monoclinic : a — 6-85, h ~ 3-30, c == 6-70 a., p = 121® ; 
space-group C^jm, with Cu at 000, iJO, and 4 Cl at xOz, etc., at » ~ J. The structure 

contains infinite chain molecules formed by planar CuCl^ groups sharing opposite edges, as in 
PdClg. The packing of these chains is different from tliat found in PdCl*, apparently in order to 
give Cu^^ two next nearest neighbours at about 3 a. completing a distorted octahedral 
co-ordination group. The stereochemistry of the cupric atom is discussed. 

Cupric chloride is one of the few halides of the commoner elements which has not previously 
been studied by the methods of AT-ray crystallography. Its structure is of interest in view of 
the planar configuration of four bonds from a cupric atom, already established in a number of 
crystalline salts and co-ordination compounds. Since the length of a Cu^L-Cl bond is the same 
(2*30 0*03 a.) as that of Pd^Mi^l, one might expect cupric chloride to have the same crystal 

structure as palladous chloride (Wells, Z. Krist., 1938, 100, 189), in which planar PdCl4 groups 
are joined up by sharing opposite edges to form infinite chain molecules. In fact, it is found 
that the structure of CuClg, although closely related to that of PdClj, differs from that structure 
in a significant way. This point will be discussed later in more detail in a survey of the crystal 
structures of certain cupric compounds. 


Cubic close-packing 

(More complex types of 
close-packing) 

Hexagonal close-packing 
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Detetmination of the Crystal Structure of Cupric Chloride. — Cupric chloride is hygroscopic, 
and is normally obtained from aqueous solution as the dihydrate. The anhydrous salt is readily 
prepared by heating the dihydrate to a moderate temperature in a stream of hydrogen chloride, 
being obtained as brown pseudomorphs of the needles of the blue dihydrate. This material is 
very poorly crystalline, as judged by its powder photograph, and attempts to index the latter 
unambi^ously were not successful. Single crystals of cupric chloride were therefore prepared 
by melting this material in a hard-glass tube (when some decomposition takes place), allowing 
it to cool, and breaking up the cooled melt. The crystals are sufficiently stable on a dry day to 
permit microscopic examination and the selection of suitable crystals which can then be sealed 
up in short lengths of thin-walled capillary tube. The crystals are thin laths (001) or needles, 
elongated along the h axis. There is perfect (001) cleavage, and moreover, the slightest pressure 
on a (001) plate causes it to split along its length (b) into a bundle of fibres, looking much like 
asbestos. By reflected light the crystals appear brown. They exhibit striking pleochroism, 
the light transmitted being yellowish-green for vibrations perpendicular to b and reddish-brown 


Fig. 1. 



W (b) 

Projections of the crystal structures of (a) CuCl 2 and (b) PdC^ on (010), showing the differences in packing 
of the chains. Atoms a/ y = 0 and y = J are represented by full and dotted circles respectively. In 
(a) the broken lines enclose the monoclinic unit cell, and the dotted lines indicate the pseudo-rhombic 
cell. 

for vibrations along b, a colour change quite similar to that of CsCuCl^ (preceding paper) , X-Ray 
examination {Cn-K^ radiation) shows the crystals to be monoclinic : a = 6*85, b = 3*30, 
c = 6*70 A., p == 121°. Owing to the physical weakness of the crystals, which are easily bent 
and split, the accuracy of these figures is probably no greater than i 1% • "f'^e density was not 

determined, but since by analogy with the structure of PdClg the above cell contains 2 CuClg, the 
calculated density is 3-44 g./c.c. 

The halvings observed are those characteristic of a c face-centred lattice. Since there is no 
evidence of lower symmetry the space-group is assumed to be C2/m. The strong absorption of 
light vibrating along b and the fact that the length of the b axis is the same as for PdCla suggest a 
chain structure closely related to that of PdClg. In fact it is found that the photographs about 
the b axis can be indexed on the basis of a pseudo-rhombic all face-centred cell with dimensions : 
a 6*85, h = 3*30, c ~ 11*4 a., containing 4 CuClg. The spacings of the /jO/ planes show also 
that the projection of the structure on (010) is pseudo-hexagonal. The cell dimensions of 
PdCla (orthorhombic, space-group Pnmn) are: a = 3*81, 6 = 3*34, c=11*0a., i.e., very 
similar to those of CuClg except that the a axis is nearly doubled in the case of the latter. This 
increased a dimension is clearly due to the interposition of a chain related by a translation of 
6/2 + a/2 between alternate chains along the a axis. Since the lattice is known to be 
c face-centred monoclinic, the only possible way of packing the chains is that sho\vn in Fig. 1(a), 
6p 
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the chain length (h) being nonnal to the plane of the paper. The corresponding projection of the 
structure of PdClj is shown in Fig. 1(6). It will be seen that this way of packing the CuCl, 
chains accounts for the pseudo-hexagonal nature of the 6 axis and for the pseudo-rhombic all 
face-centred unit cell corresponding to the true orthorhombic cell of the palladium compound. 

Considerations of packing show that the planes of the CUCI4 groups must lie approximately 
in (100). The structure is then defined as follows, the space-group nomenclature of the 
International Tables being used : 

Cu in 2 (a) : 000, JJO Cl in 4 (i) : xOz, etc., ^ s i 

Owing to the fact that the parameters x and z have, at least approximately, the special values \ 
and i respectively, striking intensity relationships are observed, for all the structure factors 
have one of the three values, 2 /qu, 2 /ou -f 4 or 2/ou — 4 /oi- Because of the small size of the 
unit cell, comparatively few reflexions are observed for copper radiation, and the only practicable 
way of determining the parameters accurately would be to project the structure on (010), using 
a shorter radiation and, if possible, avoiding the use of a capillary tube. Since it is not likely 
that better intensity data will be obtainable in the near future, it was considered desirable to 
publish the present paper as this establishes the structure within close limits and raises an 
interesting point about the stereochemistry of the cupric atom. 

The calculated and observed intensities given in Table I are sufficient to prove the 
essential correctness of the structure. The intensities are calculated as proportional to 
F*(l + cos* 20/2 sin 20) the /-curves used being those for Cu and Cl atoms given in the 
International Tables (Vol. II). The planes are arranged in order of increasing sin 0, and include 
only those with A = 0 or 1. 

Table I. 
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Description of the Struct are , — The structure is illustrated in Fig. 2, which shows three unit 
cells. The Cu and Cl atoms are joined together to form infinite chains in which each Cu is 
surrounded by 4 Cl in a plane and each Cl is attached to 2 Cu. From the similarity in the 
lengths of the 6 axes in CuClj and PdCIj it may be concluded that the structure of a chain is very 
similar to that in PdC]2, viz., (I), though this small distortion of the CuCl^ groups has not been 


Cl 

Cl Cl > 
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Cl Cl 

\/ 


3 18 a. 

^Cl '^Cl 

/ \ / 

Cl 


< 

(II.) 

(I-) 

^3-31 A.^ 
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established m the present case. The length of the Cu-Cl bond is the. same (2*3 a.) as that in 
CsCuCl,,KaCuCl4,2H20, and CuCl3,2H20. It has been shown (preceding paper) that in CsCuClj 
exactly similar planar CUCI4 groups are joined together to form infinite chain ions of the t3T>e (II). 
The configuration of the CuClj chain being assumed to be that shown above, the shortest distance 
between chlorine atoms of different chains is 3*5 a. The next nearest neighbours of a copper 
atom are two more Cl (in adjacent chains related by the c face-centring) at 2*95 0*05 a. 

These weak Cu-^1 bonds, discussed below, are shown as light full lines in Fig. 1(a), and they 
complete the distorted octahedral arrangement of six bonds from each Cu atom. Taking account 
of this weak additional binding, the chains form sheets parallel to (001), though, of course, by 
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far the strongest bonds are those within the individual chains, which run parallel to [010]. A 
somewhat analogous state of affairs is found in the structure of mercuric bromide (Verweel and 
Bijvoet, Z. Krist., 1931, 77, 122), in crystals of which each Hg atom has a distorted octahedral 
environment, with two of the six Br much closer than the other four. Having regard only to the 
strongest bonds, the structure contains linear molecules HgBr^, but taking into account also the 
weak secondary bonds from a Hg atom to its four next nearest neighbours, the structure is seen 
to be a layer structure. In PdCl 2 , on the other hand, there is no such suggestion of secondary 
bonds linking the chains laterally into layers, and the mode of pacldng of the infinite chains is 
much more like that of non-polar chain molecules such as long-chain hydrocarbons. 

The structure clearly accounts for the strong absorption of light vibrating along the b axis, 
this being the direction of the infinite chain molecules. The structure also explains the perfect 
(001) cleavage, and the remarkable tendency to split into fibres is obviously due to the secondary 
cleavage parallel to (100). The X-ray photographs of some crystals show additional reflexions 


Fig. 2. 



Ca Cl 

The crystal structure of anhydrous cupric chloride {three unit cells). 


due to twinning, the possibilities of which are considerable. Rotational twinning (about h) is 
possible because of the pseudo-hexagonal packing of the chains. Also, if the set of chains 
shown (in projection) in the lower part of Fig. 1(a) is sheared in the direction of the a axis in the 
plane (001), they can rearrange by sliding over one another to take up the alternative orientation 
related to the first by reflexion across the plane (20l). 

The Stereochemistry of the Cupric Atom . — Perhaps the most interesting result of this study is 
the demonstration that the structure of CuCla is different from that of PdClj. It was known 
previously that the lengths of the Cu^i^-Cl and the Pd^i-Cl bonds are the same to within the 
accuracy to which they are known, and the present work confirms this. Both compounds form 
exactly the same type of infinite chain molecule, yet the chains are packed in different ways in 
the crystals of CuCl* and PdCl^. It is worth while enquiring why this should be so. In PdClg 
the next nearest chlorine neighbours of a Pd atom (i.^., after the four coplanar neighbours) are 
four more (at 3*85 a.) arranged at the corners of a rectangle, the plane of which is perpendicular 
to that of the PdCl 4 group [see Fig. 3(a)]. In CuClj, on the other hand, neighbouring chains 
along [100] are displaced relative to one another in such a way that the next nearest neighbours 
of a Cu atom are two more Cl atoms of neighbouring chains. These complete a distorted 
octahedron of Cl atoms around the Cu atom [Fig. 3(&)], and they are at a distance of only about 
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2-96 A. It might appear fanciful to suppose that the different packing of the chains is adopted 
in order to give CiiH this distorted octahedral environment, particularly as it is at present 
difficult to say what type of binding a bond of this length would indicate, were it not for the fact 
that Cull has precisely this environment in a number of other crystalline salts. The structures 
{and stabilities) of certain crystalline cupric salts present a number of striking features to which 
attention does not appear to have been drawn. The facts are as follows. 

(1) Potassium cupric halides. The only potassium cupric halide stable in the presence of 
water at ordinary temperatures is the blue-green hydrated salt K2CuCl4,2H20. (The red 
KCuClg can be prepared from concentrated solution but is rapidly converted by moist air into a 
mixture of CuCl2,2H20 and K2CuCl4,2H20.) Palladous chloride on the other hand forms the 
stable anhydrous K2pdCl4. In crystalline K2PdCl4 the PdCl|“ ions are stacked vertically above 
one another, so that the next nearest Cl neighbours of a Pd atom (apart from those of other 
PdClJ' ions coplanar with the one under consideration) are 8 Cl at distances of more than 4 a. 
In contrast to this, K2CuC]4,2H20 does not contain planar CuClJ" ions at all, but each Cu has, as 
nearest neighbours, 2 O (of HgO) at 1*97 A., 2 Cl at 2*32 a., and 2 more Cl at 2-95 a., the whole 
set forming a distorted octahedral group around the Cu (Chrobak, Z. Krist., 1934, 88, 35; 
" Strukturbericht 1936, 4 , 104). In Pd(NH3)4Cl2,H20 we find Pd with 4NH3 as nearest 
neighbours at 2*02 a., with 8 Cl as next nearest neighbours, arranged at the comers of a cube, 
at 4*27 a. (Dickinson, Z. Krist., 1934, 88, 281). 

(2) Cupric chloride dihydrate. Here again we might have expected to find 4 Cl around Cu at 
about 2*30 a. Instead, we find exactly the same arrangement of atoms as in KaCuCl4,2H20, 


Fig. 3. 




The environment of (a) Pd in PdClg and (b) Cu in CuCU (small circles represent metal atoms). 

viz., 2 O at 2 01 a., 2 Cl at 2*31 a., and 2 Cl at 2 98 a. (Marker, ibid., 1936, 93, 136). It may be 
argued that the displacement of two of the four possible chlorine atoms by 2 HgO (to give 2 HgO 
and 2 Cl as nearest neighbours instead of 4 Cl) is connected with the strong tendency of Cu^i to 
form bonds to oxygen — witness the numerous “ basic ” salts of copper (actually hydroxy-salts) — 
but this does not account for the persistent 4 -|- 2 co-ordination of CuH which also occurs in 
anhydrous CuClg and CsCuClg. The comparison of the stereochemistry of Cu^i and of Pdn 
will be more complete when tw^'o more structures are known, those of PdCl2,2H20 and CS2CUCI4. 
It will be interesting to know whether the former adopts the same structure as CuCl2,2H20 or 
W'hethcr, as seems more likely, Pd will retain 4 Cl as its immediate neighbours. A knowledge of 
the structure of the latter salt (or some similar compound) is required because the existence of 
discrete CuClJ* ions has not so far been proved in any crystal. 

The above considerations suggest that the statement that Cu^i forms four coplanar bonds 
may require modification, in the sense that the analogy with Pd^i or Ptii is not so close as that 
statement would imply. There is, of course, no reason why Cu^ should form exactly the same 
number and arrangement of directed bonds as Pd^T, or Pt^i, and careful comparative 
studies may indicate more subtle differences between the stereochemical behaviour of atoms 
which form essentially the same number and arrangement of strongest bonds. It is supposed 
that, when Cu^i forms four planar bonds (dsp^), the 35 valency electrons are distributed among 
the available orbitals as follows : 

35 3p 3d 4s 4p 
28 20 8-f2 2 4-fl 


shared 
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the odd electron occupying a 4^ orbital. In the case of Nin forming four dsp^ bonds 
the electronic arrangement is similar except that there is no odd electron. It seems possible 
that this electron may have some bonding power and might be responsible for two additional 
weak bonds perpendicular to the plane of the four strong dsp^ bonds. 

Research Laboratories, Imperial Chemical Industries Ltd., 

Hexagon House, Manchester 9. [Received, February 22nd, 1947.] 


334. Carbohydrate Sulphuric Esters. Part IV. Production of a 
Derivative of 5 : 6-Anhydroglucose by the Hydrolysis of a Sulphate. 

By R. B. Duff and E. G. V. Percival. 

By the hydrolysis of barium 2-methyl 1 : 2-monoaceione glucofuranose ^-sulphate (I), 3-methyl 
1 : 2-monoacetone 5 : 6-anhydroglucose (II) has been obtained. Unsuccessful attempts to 
prepare anhydrides from barium 4 : ^-benzylidene a-niethylglucoside sulphate and barium ^-methyl 
^-methylgalactopyranosidc 2-sulphate (VI) are recorded. 


In Part III (/., 1945, 119) it was shown that the hydrolysis with alkali of barium 
1 : 2 -monoacetone glucofuranose 6 -sulphate yielded 1 : 2 -monoacetone glucofuranose and 
} ; 2 -monoacetone 3 : 6 -anhydroglucofuranose. The failure to identify any /-idose derivatives 
among the products of this hydrolysis was held to prove that no 5 : 6 -anhydride was formed, 
since Ohle and von Vargha (Ber., 1928, 61 , 1203; 1929, 62 , 2435) had claimed that, from the 
corresponding 6 -toluene-/)-sulphonate, 1 : 2 -monoacetone /-idofuranose could be obtained via 
the 5 : 6 -anhydride. The basis for this conclusion was destroyed, however, by Seebeck, Meyer, 
and Reichstein (Helv, Chtm. Acta, 1944, 27 , 1142) who showed that /-idose derivatives could not 
be obtained in this way and that 1 : 2 -monoacetone 5 : 6 -anhydroglucose underwent 
transformation into the corresponding 3 : 6 -anh 3 ^dride with great ease. The possibility arose 
therefore that the 1 : 2-monoacetone 3 : 6 -anhydroglucosc isolated in the experiments from the 
6 -sulphate (Part III, loc. cit.) might have arisen from the 5 : 6 -anhydride as an intermediate. 

In order to arrive at an unequivocal decision, a derivative of glucose substituted on Cg 
was chosen, to prevent the formation of a 3 : 6 -anhydro-ring. The compound selected, 
barium 2-methyl 1 : 2-monoacctone glucofuranose ^-sulphate (I) had the added advantage of 
solubility in organic solvents which enabled the hydrolysis to be carried out with sodium 
methoxide instead of aqueous barium hydroxide as in the previous cases (Part III, loc, cit. ; 
Part II, 1941, 830). Although the method of preparation of (I) does not exclude the 
possibility that the sulphate group is on Cg, on general grounds, and by analogy with the reaction 
with toluene-/?-sulphonyl chloride (Ohle and von Vargha, loc. cit.] Vischer and Reichstein, 
Hclv. Chim. Acta, 1944, 27 , 1332), this is thought to be highly improbable. Furthermore, it has 
been shown that by the deacylation of 6 -benzoyl 3-bcnzyl 1 : 2-monoacetone 5-toluene-^- 
sulphonyl ^/-glucose, 3 -benzo 3 d 1 : 2 -monoacetone 5 : 6 -anhydro-/-idose is obtained (Meyer and 
Reichstein, Helv. Chim. Acta, 1946, 29 , 152). The possible reaction products in the present 
case are 3-methyl 1 : 2-monoacetone glucofuranose by direct hydrolysis and 3-methyl 
1 : 2 -monoacetone 5 : 6 -anhydroglucose (II) followed by 3 : 6 -dimethyl 1 : 2-monoacetone 
glucofuranose (III) by reaction of (II) with sodium methoxide since the entering methoxyl anion 
invariably attaches itself to the primary carbon atom (Peat, Ann. Reports, 1939, 36 , 264). 



Experimentally, it was found that although the sulphate group was not removed quite so 
readily as for the corresponding toluene-/?-sulphonate, (I) with sodium methoxide (5%) after 
three hours at 40® gave a transparent barium sulphate gel, and from the reaction mixture 
3-methyl 1 : 2-monoacetone 6 : 6-anhydroglucose {II, 50%) was obtained, characterised by 
conversion by sodium methoxide into 3 : 6-dimethyl 1 : 2-monoacetone glucofuranose (III) 
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which on hydrolysis gave cr^’^talline 3 : 6-dimethyl glucose, identical with an authentic specimen 
kindly provided by Dr. D. J. Bell, and with ^>ecimens prepared by us from 3-methyl 
1 : 2-moiM)acetone glucofuranose 6-toluene-p-sulphonate and the corresponding 6 : 6-ditoluene- 
p-siilphonate. 

The following table gives the properties of these compounds with the relevant references. 

Derivatives prepared from the Derivatives prepared from toluene-p- 

sulphate (T).' sulphonates. 

3-Mf‘tliyl monoacetone anhydrohoxoside; 3-Methyl 1 : 2-monoacetone 5 : 6-anhydroglu cose ; 

1-4610; —67'" (<;, 4 0 in chloroform) wj)’ 1-4610; [ajj)'’ —65“ t 2 {c, 2-0, in acetone) 

(Vischerand Reichstein, loc. cit,). 

Dimethyl monoacetoiie hexosc ; — 46*5“ (c, 3 : 6-Dimethyl 1 : 2-monoacctone glucofuranose; 

4*5 in chloroform) Wi?’ —45-8“ (c, 4-0 in chloroform) (Bell, 

1936, 1553) 

Dimethyl hcxoso ; m.x). 115 — 116“ ; [a]if*-f61“ 3 : 6-Dimethyl glucose; m. p. 114r — 115“ ; [a]i?* 

(c, 0-8 in water at equilibrium) -}-61*6“ (in water at equilibrium) (Bell, loc. cit.) 

There is thus no doubt that ethylene oxide derivatives can be produced from carbohydrate 
suli)hates, and by analogy with the toluene-p-sulphonates and methanesulphonates it would be 
ex})ectcd that, when the sulphate group is removed from an asymmetric carbon atom with an 
adjacent trans-hydroxyl group, an ethylene oxide ring would be produced with Walden 
inversion. It is true that the opposite conclusion was reached by one of us (Part III, loc. cit.) 
since the alkaline hydrolysis of barium methylglucofuranoside 3-sulphate gave only glucose and 
3 : 6-anhydroglucose derivatives, but this could be attributed to the preferential formation of 
the pentaphan ring. 

To test the hypothesis, 4 : 6-benzylidehe a-methylglucoside was treated with chlorosulphonic 
acid in pyridine to give a barium 4 : Q-benzylidene a-methylglucoside sulphate. When this was 
treated in methanol with sodium methoxide, 4 : 6-benzylidene a-methylglucoside (85%) was 
recovered and the methoxyl content (10%) of the partly crystalline residue showed that no 
methoxyl groups had entered the molecule, so that it must be presumed that no ethylene oxide 
rings had been formed. Whether the product used was a 2-sulphate (IV) or a 3-sulphate, if 
either had given 2 : S-anhydrides, these would certainly have been decomposed by the excess 
of sodium methoxide with the entry of an additional methoxyl group. 

As a further test, 6-methyl 3 : 4-monoacetone ^-methylgalactoside was synthesised and its 
structure confirmed by conversion into the known 2 : 6-dimethyl 3 : 4-monoacetone p-methyl- 
galactoside (Bell, 1945, 692). Barium 6-methyl 3 : 4-monoacetone ^-methylgalacloside 
2-sulphate (V) was then prepared and removal of the tsopropylidene residue gave barium 
6-methyl ^-methylgalactoside 2-sulphate (VI). When this substance, jn methanolic solution, was 
treated with sodium methoxide, however, no reaction was observed until 90° was reached, 
whereupon, instead of the production of 6-methyl 2 : 3-anhydro-p-methyltaloside (VII) followed 
by 2 : 6-dimethyl p-methylgalactoside or 2 : 6-dimethyl p-methylidoside, or both, rapid 
darkening of the solution took place with extensive decomposition and the formation of reducing 
products ; no increase in methoxyl content could be detected. 



(IV.) (V.) (VI.) (VII.) 


So far, therefore, there is no direct support for the suggestion (Nature, 1946, 158, 29) that 
sugars may undergo interconversion in Nature by way of sulphuric esters and their hydrolysis, 
even though ethylene oxide formation does occur when the sulphate group on a primary carbon 
atom is removed. Further work is necessary, however, before this possibility can be abandoned 
since the behaviour of sulphate residues on C, might be anomalous. In connexion with the 
hydrolysis of (VI) it may be recalled that Helferich and Schnorr (Annalen, 1941, 547 , 201) recorded 
the hydrolysis of a 2-hydroxyethanesulphonic acid glycoside with alkali, and Isbell (Ann. Rev. 
Biochem., 1943, 12 , 205) has suggested an explanation of this effect in terms of electron 
displacement initiated by the electronegative sulphonyl group. Until more evidence is available 
it would be premature to attempt an explanation of the present result, but it is clear that the 
adjacent sulphate group renders the glycosidic methoxyl labile to alkali. In {VI) it will be noted 



1677 


[ 1947 ] Carbohydrate Sidphuric Esters. Part IV. 

that these two groupings are trans’ to one another which recalls the fact that the alkali fission of 
the phenylglycosides proceeds most readily when the phenoxy-group is in the /ran 5 -position with 
respect to the hydroxyl residue on C*, as in p-phenylglucoside (Montgomery, Richtmyer, and 
Hudson, J, Amer, Chem. Soc., 1943, 65, 1848; J. Org. Chem., 1946, 10, 194; McCloskey and 
Coleman, ibid., p. 184). If, as is quite likely, the barium 4 : 6>benzylidene a-methylglucoside 
sulphate is the 2-sulphate (IV), the sulphate and methoxyl groups are in the ris-positions, and 
this might explain why fission of the glycosidic methoxyl was not observed ; it is hoped that 
further work will illuminate these points. 


Experimental. 


Barium Z-M ethyl 1 : 2-Monoacetone Glucofuranose ^-Sulphate. — .3-Methyl 1 : 2-monoacetone 
glucofuranose was prepared as a colourless syrup by the methods of Freudenberg et al. [Ber., 1923, 66, 
2126; 1920, 59, 104). The product had wJJ* 1*4740, [a]^* ~ 64° (c, 3*1, in chloroform) [Found . OMe, 
12*8; (CH8),C0, 23*3. Calc, for CioH^O* : OMe, 13*2; (CHJaCO, 24*8%]. 

Sulphation with chlorosulphonic acid (approx. 1 mol.) in pyridine was carried out as described in 
Part III (/oc. cit.). In a typical experiment the above syrup (10*1 g.) in dry pyridine (80 c.c.) 
was vigorously stirred and treated with chlorosulphonic acid (3*65 c.c.) in chloroform (40 c.c.) at ■— 16°. 
The mixture was neutralised with barium hydroxide solution, the excess being removed with carbon 
dioxide ; it was found necessary to add alcohol to obtain a homogeneous solution, owing to the solubility 
of the free 1 : 2-monoacetone 3-methyl glucofuranose sulphate in chloroform with the resulting danger of 
incomplete neutralisation ; in some experiments chloroform was removed under reduced pressure at 16°, 
The crude barium salt (15 g.) was isolated in the usual way and purified by dissolving in twice the 
minimum volume of acetone followed by partial precipitation (8*1 g.) with light petroleum (b. p. 60 — 80°) ; 
[a]W - 19° {c, 1*0, in water) [Found : Ba, 18*5; OMe, 8*7; SO4, 23*2; (CH3)2CO, 15 0. (CioH,,OS)«Ba 
requires Ba, 18*0; OMe. 8*1 ; SO4. 25*2; (CH3)aCO. 15*2%]. 

Z-Methyl 1 ; 2-Monoacetone 6 : Q-Anhydroglucose. — ^The above barium salt (3*53 g.) was dissolved in 
warm anhydrous methanol (10 c.c.) and cooled to room temperature. A solution (6*5 c.c.) of sodium 
(5%) in methanol was added with stirring and the mixture heated at 40° for 3 hours, whereby the mobile 
liquid was completely converted into a stiff transparent gel owing to separation of colloidal barium 
sulphate. The gel was treated with excess of a mixture of chloroform and methanol (1 : 1), and carbon 
dioxide bubbled through until wet phenolphthalein paper was no longer affected. Water (300 c.c.) was 
then added followed by repeated extraction with chloroform. The combined extracts were dried 
(NagSOJ and evaporated at 40°yi5 mm. ; the residual syrup was distilled at 120 — 130°/0*02 mm. in the 
presence of barium carbonate (0*2 g,), to give a colourless mobile oil (1*0 g.), [a]J?’ — 63° {c, 4*5, in 
chloroform) (Found : OMe, 16*6. Calc, for CjoHigOs : OMe, 14*4%). Since it was suspected that this 
product was contaminated with 3 ; 6-dimethyl 1 : 2-monoacetone glucose, the crude oil in chloroform 
(20 c.c.) was adsorbed on a column of aluminium oxide (30 cm. x 1 cm.). The column was eluted with 
5 portions (20 c.c.) of chloroform, and the syrup (0*4 g.) obtained after removing chloroform from the 
second fraction gave at 120°/0 01 mm. an oil (0*3 g.) which had the properties required for 3-methyl 
1 ; 2-monoacetone 6 : 6-anhydroglucose ; namely wif* 1*4610, [ajj?* — 67° (c, 4*0 in chloroform) (Found : 
OMe. 14*3. Calc, for CjoHjeO* : OMe. 14*4%). 

3 : ^-Dimethyl 1 : 2-Monoaceione Glucofuranose and Z : ^-Dimethyl Glucose. — 3-Methyl 1 : 2-mono- 
acetone 6 : 6-anhydroglucose (0*6 g.) obtained as described above was heated at 90° with a solution of 
sodium (0*5 g.) in anhydrous methanol (10 c.c.) for 18 hours. Neutralisation by carbon dioxide, dilution 


with water, and extraction with chloroform was followed by distillation at 110 — 120°/0*01 mra. to give 
an oil (0*3 g.), Wp' 1*4622, [a]}?' — 46*5° (c, 4*5 in chlorofoim) (Found : OMe, 21*5. Calc, for Ci.H-oO. : 
OMe, 25*0%). 

The above product (0-2 g.) was left at 37° for 48 hours with sulphuric acid (200 c.c.; 0*2n). 
Neutralisation with barium carbonate followed by filtration and evaporation at 40°/16 mm. gave a sugar 
which was twice recrystallised from hot ethyl acetate to give crystals (0*1 g.), [ajjJ* -|~ 61° {c, 0-8 in 
water; equilibrium value) (Found : C, 46*0; H, 7*5; OMe, 29*8. Calc, for CgHipOo : C, 46*1; H, 7*7 ; 
OMe, 30*0%), m. p. 115 — 116°, unchanged on admixture with an authentic .specimen of 3 : 6-dimethyl 
glucose provided by Dr, D. J. Bell, and with specimens prepared by the action of sodium methoxide on 
3-methyl 1 : 2-monoacctone glucofurano.se 6-toluene-/?-sulphonate (Found : OMe, 7*4. Calc, for 
C17H24O8S : OMe, 8*0%), and from 3-methyl 1 : 2-monoacetone glucose 5 : 6-ditoluene-/)-sulphonate 
(Found : OMe, 5*5. Calc, for C24H30O10S2 : OMe, 5*7%). 

In another experiment the sulphate (2*0 g.) was heated at 90° for 24 hours with sodium in methanol 
(25 c.c.; 5%). Neutralisation and isolation as previously described gave an oil (0*5 g.), w-Jf* 1*4637 
(Found : OMe, 22*8%) which was treated with sulphuric acid (0*2n) as before, and the sugar purified by 
filtration through a column of aluminium oxide to give crystals of 3 : 6-dimethyl glucose, m. p, 114°, not 
depressed on admixture with an authentic specimen. 

Barium 4 : 6-Benzylidene a-Meihylglucoside Sulphate. — 4 : 6-Benzylidene a-methylglucopyranoside, 
m. p. 163° (10*6 g.), was sulphated as previously described to yield a product (9*5 g.) having [ajjj** -f 39*5° 
(c, 1*2 in water) [Found: Ba, 17*6; SO4, 23*0; OMe, 8*4. (Ci4Hi70,S)2Ba requires Ba, 15*9; SO4, 
22*4; OMe, 7*2 %J. This was hydrolysed as previously described with excess of a solution of sodium 
(5%) in methanol at 15° and at 90°. Four such experiments were conducted and in none was any 
material other than 4 : 6-benzylidene a-methylglucoside obtained from the hydrolysate. In one 
experiment barium 4 : 6-benzylidene a-methylglucoside sulphate (8*8 g.) was hydrolysed for 18 hours at 
90° with sodium methoxide in methanol. The product was dissolved in ethyl acetate and three crops 
(6*0 g.) of 4 : O-benzylidene a-methylglucoside were isolated. The residues" gave a partly crystalline 
substance (0*9 g.) which was chiefly 4 : 6-benzylidene a-methylglucoside (Found : OMe, 10*1%). 

6-Methyl Z : ^-Monoacetone p^Methylgalactoside . — 6-Methyl j3-methylgalactoside (110 g.) was 
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converted into the monoacetone derivative by the method of Ohie and Thiel (Ber., 1933, 66 , 525) as 
modihed by McPhillamy and Elderfield {/. Org. Ckem., 1939, 4 , 160). Distillation at 120°/0*01 mm. 
gave an oil which crystallised at 0° ; recrystallisation from ethyl acetate-light petroleum (b. p. 60 — 80®) 
gave a product, m. p. 72 — 74®, [a]}f* 4* 11® 1-4 in chloroform) [Found : C, 62-8; H, 8-1 ; OMe, 23*1 ; 

(CH,)aCO, 25-9. C^HjoCe requires C, 63-2 ; H, 81; OMe, 25 0; (CHs)aCO, 23*4%]. 

Two methylations (0*4 g.) with Purdie's reagents followed by distillation at 120®/0*01 mm. gave 
2 : 6-dimethyl 3 : 4-monoacetone j8-methylgalactoside (0-35 g.), [a]iJ’ 4* 2® (c, 1-0 in chloroform), m, p. 
55 — 56®^ unchanged on mixing with an authentic specimen prepared by Dr. D. J. Bell. 

Barium ^-Methyl 3 : ^-Monoacetone p-Methylgalactoside 2-Sulphate. — 6-Methyl 3 : 4-monoacetone 
fl-methylgalactoside (1-7 g.) was sulphatedas previously described to yield a barium salt (31 g.), [ajjf* 
-f 10® (c, I’O in water) [Found : Ba, 18*0; SO4, 24*8; (CH3)2CO, 13*2. (CnHi209S)2Ba requires Ba, 
17-4; SO4, 24-3; (^3)300. 14-6%]. 

Barium iS-M ethyl p-Meihylgalactoside 2-Sulphate. — The above product (2-7 g.) was treated with 
sulphuric acid (0*2n) at 37® as previously described to yield a non-reducing barium salt (2-3 g.), 
Wn :i O ’ (c, 10 in water) [Found : Ba, 17*6 ; SO4, 26-6; OMe, 16-4. (C8Hi409S)2Ba,4H20 requires Ba, 

17-6 : SO4. 24-5; OMe, 16-8%]. To this substance (2 0 g.) in methanol (26 c.c.), a solution of sodium 
in methanol (50 c.c. ; 6%) was added. No reaction took place during 24 hours at 16®, 24 hours at 40®, 
or 6 hours at 60°. When the temperature was raised to 90®, however, the solution rapidly darkened. 
After 18 hours at 100® the product was worked up in the usual way to give a dark reducing syrup (0-5 g. ; 
OMe, 25-3%). The syrup obtained from a second experiment had OMe, 21-8%. It is thought probable 
therefore that the syrups obtained were specimens of 6-methyl jS-methylgalactoside (OMe, 20 *9%) 
contaminated with reducing material formed by the fission of the glycosidic methoxyl group. 

Thanks are expressed to the Carnegie Trust for the Universities of Scotland for a Scholarship (R. B. D.), 
to Dr. D. T. Bell for the gift of specimens, and to Imperial Chemical Industries Ltd. and the Earl of 
Moray Endowment for grants. 
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335. The Solubility at High Temperatures of Pure Sucrose in Water. 

By Millicent Taylor. 

A method of determining the solubility of sucrose at high temperatures has been devised 
which avoids the necessity of analysis of the solution. In its present form it has been found 
applicable only to tempeiatures between 64° and 82®. The relationship between saturation 
concentration and temperature is expressed by an equation which enables the results to be used 
in the determination of other thermodynamic properties of sucrose solutions. 

The method to be described was devised with the object of avoiding the filtration at high 
temperatures and the handling for analytical purposes of highly concentrated, viscous sucrose 
solutions. The behaviour of a crystal of sucrose in approximately saturated solution of 
accurately known concentration is observed microscopically during both falling and rising 
temperature, and the temperatures of incipient healing and erosion are noted. The mean of 
these two temperatures is taken as the saturation temperature of the solution. The first 
experiments on these lines were carried out by Dr. A. Wischin, but as she was unable to continue 
the work, the author undertook preliminary experiments which showed considerable deviation 
from the results of previous investigators (Herzfeld, Z. ver. Ruhenz.-Ind., 1892, 181, 232; 
Nuszbaum and Grube, Z. Elektroch^m., 1928, 34, 91 ; Grut, Z. Zuckerind. Czechoslovak, 1937, 
61, 356), After some modification of the original apparatus and calibration of all precision 
instruments, the experiments described below were carried out. 

Experimental. 

Apparatus . — A glass cell, A (Figs. 1 and 2), provided with a horizontal tubular observation shelf, B, 
is closed by a hollow stopper, C, the bottom of which is of plane optical glass. The cell slides into a 
cylindrical water-tight well in the cover of a small lagged thermostat, S, the temperature of which is 
controlled by water pumped from a large thermostat. The lower opening of the well and a corresponding 
circular opening in the bottom of the thermostat are closed by adaptable plane-glass plates, each held in 
position by a brass ring and rubber washer. The cell is illuminated through the glass plates by a 
reflected beam from a 100-watt lamp. A copper-constantan thermocouple consisting of two junctions 
in series passes into the tubular space under the shelf. The junctions and leads are enclosed for a length 
of about 8 cm. in very thin drawn-out glass tubing, which is bent at right angles to fit snugly against the 
side of the cell. A space is left between the junctions to allow of unobstructed microscopic observation 
of a crystal placed on the shelf between the two junctions. The plate D, also of plane optical glass, 
covering the hollow stopper, is required to prevent irregularities of temperature due to convection currents. 
Strips of tin foil, in all some 7 or B yards in length, are smoothly packed outside the cell and leads, and 
serve to prevent convection currents in, and to aid conduction of heat across, the annular space 
surrounding the cell. The latter is also provided with a copper collar carrying a rubber flange which 
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assists in closing any remaining air space. A mark inside the cell indicates the level at which the solution 
should stand before insertion of the stopper, which dips considerably under the surface of the solution. 
A Winkel-2^s camera microscope, M, which has a visual magnification of about 40 diameters, is used 
for observation of the crystal. 

Calibration, — ^The thermocouple is calibrated up to 86® on a millivoltmeter reading up to 7 mv., 
against a standard thermometer (N.P.L.) graduated in 0-1® and correct to 0-02°. For calibration, the 
thermometer and the thermocouple are immersed to a depth of about 7 cm. in a narrow tube of mercury 
suspended in a thermostat. The temperature is regulated and read by means of a levelled telescope to 
ab^t 0*02®. The millivoltmeter is graduated to 0 05 mv. and the reading can be estimated to about 
0-005 mv., which corresponds on this instrunient, using the tw'o junctions, to approximately 0-06®. The 
accurate measurement of any temperature difference between the thermocouple under the shelf and the 
solution on the surface of the latter was initially found to be a matter of some difficulty. The problem 
was ultimately solved by calibrating the thermocouple in situ against the setting or melting points of 
highly purified samples of palmitic, stearic, and behenic acids, of which the respective setting points are 
62-66®, 69-60®, and 80-02® (Professor F. E. Francis, unpublished work). ^-Chloronitrobenzene, s. p. 
83-04®, proves satisfactory at the somewhat higher temperature. The m. p.s were redetermined against 

Fig. 1. 



the N.P.L. standard, which was used to calibrate the thermocouple. A sharp m. p. gi\'ing reliable 
results in the second decimal place could not, at first, be obtained. For example, in the case of stearic 
acid, which gave the least satisfactory value, the recorded m. p. lay between 69-48® and 69-60®. With 
palmitic acid and behenic acid, the corresponding range was almost negligible. The m. p.s so determined 
are 62-66®, 69-54® (mean), and 80-00°, respectively. 

Two thermocouples, X and F, have been used during these experiments. The former was in use 
during the period when it was impossible to obtain insulating sleeving, and short lengths of drawn-out 
glass tubing were slid over the leads as a somewhat inconvenient substitute. For the purpose of 
calibration a small quantity of the ground, purified compound was sealed into a very thin flattened glass 
tube, which replaced the sucrose crystal on the observation shelf. The cell was then filled up to the 
mark, in one case with sucrose solution of one of the experimental concentrations, and in another case 
with water. The change from water to sucrose solution did not affect the readings. 

An example of the results obtained by the control calibration of thermocouple X is given in Table I. 

The use of this mean takes into account the uncertainty in the m. p, of stearic acid and the fact that 
its m. p. lies between those of the other two acids. Subsequent checking of this calibration showed no 
significant change in the correction. 

When thermocouple Y was prepared, insulating sleeving was available and a smoother and more 
compact tinfoil jacket was applied to the cell. Also, it was found possible to get a sharper comparison of 
the thermocouple and the standard thermometer by taking as identical in the melting point tube and in 
the solubility cell ^e temperature at which crystals shoot out from a partly molten mass, causing the 
smooth liquid meniscus to oecome irregular (setting point) or melting back to allow the smooth meniscus 
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Table I. 

M, p.s of standards used for calibration of thermocouple X, 


In solubility cell. Correction on 

Acid. In m. p. tube. read on milivoltmeter. thermocouple. 

Palmitic 62-66° 62-40° +0-16° 

Stearic... 69-64 (mean) 69-46 -i-0-09 

Behenic 80*00 79*84 -j-O-lO 


Mean 4-0*16 

to re-form (melting point). The difierence between the setting and melting points determined in this 
way lay within the accuracy of calibration of the standard thermometer. 

For these reasons, the calibration of thermocouple Y is probably of higher accuracy than that of 
thermocouple X. The results of the calibration of thermocouple Y are given in Table II. 

Table II. 

M. p.s of standard substances. 

In solubility cell, read Correction on 

on millivoltmeter. thermocouple. 

62-67° 4-0*05° 

69-51 4-0*03 

83-00 4-0*04 

Mean -f0*04 

Repeated after removal of tinfoil and repacking. 

Sept., 1945 Palmitic acid 62-56 62-57 —0*01 

Stearic acid 69*54 69*55 —0*01 

Behcnic acid 79*91 79-94 —0-03 

Mean —0-02 

These corrections are within the limits of the error on the thermocouple readings, but they indicate 
that care must be taken in packing the cell and that frequent recalibration is advisable. 

Procedure . — Tate and Lyle’s purest sucrose containing on a dry basis 99*99% of sucrose and 
0*001 — 0*003% of invert sugar is very finely ^ound and dried to constant weight in a vacuum oven under 
standard conditions (see International Commission for Uniform Methods of Sugar Analysis, London, 1936)* 
f .c., at a temperature not exceeding 60°, in a stream of dried air, the pressure not being allowed to exceed 
5 cm. Hg. The air-drying agent used is an activated alumina, having a drying efiiciency more than a 
1000-fold that of calcium chloride. After being dried, the sucrose is transferred by means of a long, wide 
thistle funnel to a long-necked, weighed bulb of about 60 c.c. capacity. The lower part of the neck of the 
bulb has an internal diameter of at least V' to allow of unhindered outflow of the viscous solution. The 
calculated weight of conductivity water for any required concentration is added from a weight burette, 
provided with a long delivery tube. After thorough mixing at room temperature, the contents of the 
flask are rapidly frozen in solid carbon dioxide-methylated spirit and after constriction of the neck of the 
flask the latter is exhausted, the contents are allowed to warm up without admission of air, and the 
freezing and exhaustion are repeated. The flask is then sealed, subjected to violent automatic shaking 
for at least an hour at a temperature several degrees higher than the saturation point, and after rapid 
cooling in ice-water the solution is allowed to reach room temperature for a control weighing. 

The seeding crystals, at least two in number and as small as can conveniently be handled, of linear 
dimensions 0*5 — 0*26 mm. or less, are placed in position on the shelf of the cell which, with 
its thermocouple in position, is now connected with the millivoltmeter and is ready to be put into the 
thermostat. All necessary regulation of the thermostats must be made before the bulb is opened. The 
cell must, of course, be cold, but the stopper should be slightly warm and greased with a mixture of 
apiezon gTea;se plus 25% of aluminium stearate. The neck of the bulb, which is clean and dry inside, is 
then cut across the wide part, and a weighed rubber bung is inserted. After a final control weighing, the 
result of which has in no case differed by as much as 0*01 % from the initial weight of the solution, the 
latter is cooled to the dew point as determined by a Casella vdiirling hygrometer, and is quickly poured 
into the cell. After being closed and before being transferred to the thermostat, the latte is put into a 
closely fitting, dry beaker and rapidly heated in an electrically controlled water-bath until the 
temperature indicated by the thermocouple approaches the saturation temperature. The object of this 
is to check the growth of the seeding crystals and of any centres of crysf^isation which are liable to 
form as the cold solution is poured into the cell. The initial formation of a few such chance crystals may 
be advantageous as they are very small relatively to the original seeding crystals, are perfectly shaped, 
and while the smallest disappear rapidly when the saturation temperature is overstepped, a larger one 
can frequently be retained as a very sensitive temperature indicator. In solutions of higher 
concentration, 80% and upwards, the deposition of crystals becomes unmanageable, putting an upper 
limit to the range of concentrations to which this method has been found applicable. 

In the thermostat there is considerable time lag in the response of the cell temperature to the thermostat 
regulation. The 1^ is probably due to the residual air space in the well of the thermostat and is liable to 
lead to overstepping of the crucial temperature in eitner direction. This disadvantage has to some 
extent been overcome by changing the temperature very slowly. A rate of change of 0*02° per minute 
has been aimed at, and in most cases it has not been exceeded. A slow rate of change has disadvantages. 


Date. Substance. In m. p. tube. 

June, 1945 Palmitic acid 62*62° 

Stearic acid 69*64 

j5>-Chloronitrobenzcne 83*04 
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lor example, the considerable inversion which is liable to take place, and the possibility of the formation 
of localities of different concentration either in layers or in the neighbourhood of the crystal. Cautious 
rocking of the whole thermostat is the limit of disturbance permissible on account of the liability of the 
crystal to escape from the field of vision, with consequent failure of the experiment. To detect possible 
errors due to the above-mentioned changes, two pairs of observations of incipient solution and healing 
temperatures have, when possible, been made with any one solution, and since the results have been 
found to agree within the limits of the experimental error, the mean of the two pairs of readings is taken 
as the saturation temperature. 

Preliminary experiments were carried out with solutions having saturation temperatures lying 
between 69® and 6^, but owing to the slow rates of solution and growth at these temperatures, extremely 
long periods of watching were required, there was a wide interval between the observed incipient erosion 
and healing temperatures, and the results are somewhat irregular. It was, therefore, decided to limit the 
experiments to temperatures higher than 64°. 

Table III contains a complete record of all the results except those of the above-mentioned tentative 
experiments and those that gave no reliable result on account of breakdown of the thermocouple or other 
obvious accident. 

Fig. 3. 



62-5° 65° 70° 75° 

Saturation temperature. 


Solubility of sucrose in water. 

The solutions are arranged in order of concentration. The letters in the first column give the order in 
which the solutions were prepared and investigated. The missing letters refer to solutions which gave 
no result for one or other of the reasons stated above. The numerals in brackets beside the actual 
tempercature readings record the length of time in hours for which the solution had been in the cell when 
the reading was taken. The final percentage of sucrose inverted, estimated as described later, is recorded 
in the last column. The remainder of the table is self-explanatory. 

Table III. 


Saturation temperatures of sucrose solutions varying in concentration from 75 /o 79 g. 
of sucrose per 100 g. of solution. 







Saturation 

Total 



Conen., 


t^. 


temp., 

time ill 



g./lOO g. 

Thermo- 

Tnciiiient 

t\ 4- t.y 

cell 

/o 

Soln. 

solution. 

couple. 

erosion. 

healing. 

2 

(hrs.). 

inverted 

F 

75036 

X 

04-21'’ (4) 

64-04° (24) 

64- 13" 

8 

007 

T) 

75047 

X 

64-45 (.S) 

63-50 (4) 

63*98 

6 

0-22 

E 

75050 

X 

(i) 64-26 (24) 

— 

— 

— 

— 




(ii) 64-26 (5) 

64-03 (5 4) 

64* 16 

64 

0-18 

Q 

76 010 

Y 

68-33 (44) 

68-23 (2) 

68-28 

6|- 

0-13 

N 

76-699 

Y 

(i) 71-28 (24) 

71-18 (14) 

71-23 

— 

— 




(ii) 71-28 (3i) 

71-18 (4) 

71-23 

7-1 

0-20 

J 

76-730 

X 

(i) 71-67 (4) 

71-46 (14) 

71-62 

— 

— 




, (ii) 71-65 (3) 

71-36 (34) 

71-60 

3i 

0-07 

G 

76-740 

X 

(i) 71-60 (IJ) 

71-32 (1) 

71-41 

— 

— 




(ii) 71-66 (54) 

71-32 (6) 

71-44 

7 

0-31 

H 

76-747 

X 

71-68 (2*) 

71-22 (34) 

71-40 

8 

0-10 

R 

77-994 

Y 

76-80 (44) 

76-66 (34) 

76-72 

71 

0-17 

O 

79-144 

Y 

81-44 (54) 

81-40 (2) 

81-42 

7i 

0-60 

M 

79-172 

Y 

81-44 (34) 

81-34 (14) 

81-39 

7i 

1-0 


Fig. 3 is a graphic record of the results collected in Table III. The broken line represents 
the smoothed curve of best fit, calculated by the method of least mean squares, on the assumption that the 
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concentrations are correct to the third decimal place. The mean of two determinations of saturation 
temperature for one and the same solution is given the same weight in the calculation as the single 
determination in the case of the other solutions. 

The equation for the curve is C = 63*608 -f* 0*1322/ 4* 0*00722/®, where C is the concentration in g. 
of sucrose per 100 g. of solution and / is the saturation temperature (®c.). The calculated probable error 
of observation is dt 0*063® in the sense that the chances that the error is greater or less than the true 
value are even. This error is of the same order as the observed uncertainty in the reading of the 
mihivoltmeter. 

The readings in Table III, recording saturation temperatures at different times for any one solution, 
show that any progressive change such as inversion or possible evaporation during the observations has 
had no appreciable effect on the saturation temperature. Also, different solutions of approximately the 
same initial concentration give closely concordant values. 


Table IV. 

Saturation concentrations of aqueous solutions of pure sucrose from 64° to 82®, 
in g. per 100 g. of solution. 


Temp. 

Herzfeld. 

Grut. 

Taylor. 

Temp. 

Herzfeld. 

Grut. 

Taylor. 

64® 

74*98 

75*41 

75 026 

74® 

77*06 

77*71 

77*345 

6.6 

75*18 

75*64 

75*251 

75 

77*27 

77*95 

77*584 

66 

75*38 

75*86 

75*478 

76 

77*48 

78*18 

77*825 

67 

75*59 

76*09 

75*706 

77 

77*70 

78*42 

78*068 

68 

75*80 

76*31 

75*936 

78 

77*92 

78*66 

78*312 

69 

76*01 

76*. 54 

76*168 

79 

78*14 

78*90 

78*558 

70 

76*22 

76*78 

76*400 

SO 

78*36 

79*15 

78*805 

71 

76*43 

77*01 

76*634 

SI 

78*58 

— 

79*053 

72 

76*64 

77*24 

76*869 

S2 

78*80 

— 

79*305 

73 

76*85 

77*47 

77*106 






A final control determination of the concentration is impracticable on account of the small size of the 
cell, the fact that the stopper dips deeply into the viscous solution, and the necessity of removing the 
stopper before the solution is uniformly cold. Nevertheless, the percentage of sucrose inverted is not 
affected by evaporation occurring after opening the cell and is determined, after suitable dilution, by 
refractometer and polarimeter readings. Where inversion is very small the result has been checked by 
means of de Whalley’s colorimetric method (Intern. Sugar 1937, 89 , 300 ; 1944, 46 , 211). 

This method has the advantage over methods hitherto described (see below) that the concentration 
is accurately known and, as the results show, is maintained appreciably constant till the readings are 
complete. Exposure to the atmosphere occurs only on transfer of the solution to the experimental cell, 
after accurate cooling to the dew point which, in the absence of crystals, presents no difficulty. 

Table IV records saturation concentrations for whole degrees calculated from the equation of the 
smoothed curve. For purposes of comparison the corresponding saturation concentrations given by 
Herzfeld and by Grut (locc. cit.) are also included. All weights are uncorrected for buoyancy. Herzfeld's 
equation was C == 64*1835 4- 0*13477/ 4- 0*0005307/® (no probable error given), and calculation shows 
that his curve would cut ours at 62®. Grut did not suggest an equation. 

Discussion. — Herzfeld's equation is undoubtedly distorted by the fact that after a solution 
liad been heated for a long period at 90 — 100°, he determined the saturation concentration of the 
solution at ca. 100° solely by a polarimeter reading. Also, he took no measurements between 
that temperature and 60°. Experiments in this laboratory have shown that at temperatures 
exceeding 86° inversion becomes rapid even in a vacuum, and the process is hastened by the 
presence of air. Consequently, the actual concentration in the above experiments of Herzfeld 
must have been considerably higher than that indicated by the polarimeter on the assumption 
that the percentage of invert present was negligible. Grut (loc. cit.), on the other hand, gives no 
satisfactory indication as to how he attacked the problem of loss of water by evaporation. It is, 
therefore, probable that Herzfeld’s saturation concentrations above 60° are too low and Grut’s 
too high. Our values fall between the two. Inspection of Table IV shows that in the 
concentration region of 78‘80%, Herzfeld’s saturation temperatures are about 2° higher than ours 
and Grut’s about 1 J° lower. 

There is some confirmation of the validity of our equation in a determination of the solubility 
of sucrose at 25° by Scatchard, Hamer, and Wood (/. Amer. Chem. Soc., 1938, 60 , 3061), who 
used an isopiestic method which appears to be extremely accurate as far as temperature 
measurement is concerned, though the method of drying otherwise pure sucrose is less reliable 
than the standard method used by us. Nevertheless, the recorded solubility of 67*44 g. of 
sucrose per 100 g. of solution (corrected for buoyancy) is probably more accurate than any other 
practically determined value, and it agrees remarkably with the extrapolated value of 67 ‘367% 
at 25° calculated from our equation, and corrected in this example for buoyancy. If there were 
error appreciably greater than the calculated probable error in our results, extrapolation should 
expose it. 
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In conclusion, it may be pointed out that any method which tends to increase the accuracy 
of the determination of saturation concentrations is important for the calculation of other 
thermodynamic relationships. For example, Williamson (Trans. Faraday Soc., 1944, 40, 435, 
eqn. 34) has introduced the quantity (dm/d/)sat., where m — mols. of sucrose/ 1000 g. of water, 
into an exact equation for the calculation of heats of solution. This quantity is immediately 
obtained, for any given value of t, from our equation by substitution for C in terms of m and 
differentiation. 

My thanks are due to Mr. Philip Lyle, of Messrs. Tate and Lyle, Ltd., for arranging that this work 
shall be submitted for publication, to Professor W. E. Garner, C.B.E., F.R.S., for suggesting the method 
and for helpful advice, and also to Miss Marjorie J. Littleton, B.A., for calculating the equation for the 
smoothed curv^e and the probable mean error of the experiment. 

This work has been carried out by arrangement with the Ministry of Food, Sugar Division. 

The University, Bristol. [Received, February 1th, 1947.] 


336 . Experiments on the Synthesis of Cyanomaclurin. 

By Eric L. Fonseka. 

co-Methoxy-2 : ^-dibenzoylresacetophenone (II, R = H) does not undergo the Mannich 
reaction, thereby excluding a proposed synthesis of the cyanomaclurin nucleus from 
(I, R = CHa'NEta) and phloroglucinol. Catalytic reduction of the Jlavylitim salt (III, R — H) 
apparently to the Jlaven (IV, R = H), indicated an alternative route, but the hydrogenation 
product of 0-5 ; 2 ' : if-trihenzoyTO-Z-methylmorinidin chloride (III, R “ 0*COPh), which 
resembled cyanomaclurin in its colour reactions, could not be rccrystalliscd. 


In the course of experiments on the synthesis of cyanomaclurin (I) (sec also Bhalla and RAy, 
J., 1933, 288; Mitter and Saha, J. Indian Cheni. Soc., 1934, 11, 257 ; Mitter and Maitra, ibid., 
1936, 13, 236), attempts have been made to prepare a Mannich base, e.g. (II, R = CH 2 *NEt 2 ), 
which, on condensation with phloroglucinol, would be expected to give a cyanomaclurin 
derivative. Despite the use of a wide variety of conditions, co-methoxy-2 : 4-dibenzoylresaccto- 
phenone (II, R = H) failed, however, to undergo the Mannich reaction. 

An alternative route was therefore examined, depending on the catalytic reduction of an 
appropriate flavylium salt. In order to explore the method, experiments were first carried out 
with 1 •hydroxy-2 ' : A! -dihenzoyloxy-Z-meihoxy flavylium chloride (III, R = H), which was 



CO- 


CHR-OiMc 


(>_COPli 

O'COPh 


(If.) 


“'■f'li 




X H. 


(>COPh 


(IV.) 


prepared from p-resorcylaldehyde, co-methoxy-2 : 4-dibenzoylresacetophenone (II, R == 11), and 
hydrogen chloride in ethyl acetate solution. Reduction in acetic acid in presence of 
'Willstatter’s platinum catalyst gave a product analysing as a sesquihydrate of the flaven 
(IV, R = H), and showing with alkali and with concentrated sulphuric acid the colour reactions 
associated with the cyanomaclurin nucleus. 

Similarly, the condensation of 2-ben zoylphloroglucinaldehyde with (II, R = PI) gave the 
well-defined 0-5:2': ^'4rihenzoyl-0-Z-methylmorinidin chloride (III, R = O-COPh), which also 
absorbed two mols. of hydrogen on catalytic reduction. The crude substance likewise exhibited 
the colour reactions of cyanomaclurin, but all attempts to recrystallise the product for analysis 
were unsuccessful. 

Experimental. 


oy‘Methoxy-2 : ^-dibenzoylresaceiophenone (II, R == H). — Recrystallised a>-methoxyresacetophenone 
(Slater and Stephen, 1920, 312) (13‘2 g.) was dissolved in pyridine (65 c.c., redistilled over potassium 
hydroxide) and the solution cooled in ice while pure benzoyl choride (24*6 g.) was added with vigorous 
stirring during 20 minutes. Stirring was continued for J hour longer, by which time the smell of benzoyl 
chloride had practically disappeared, and the mixture left over-night. It was then poured on a mixture 
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of crushed ice and dilute sulphuric acid, with stirring all the time; a lemon-yellow oil separated, which 
gradually grew more viscous and finally solidified. The solid was collected, and washed first with cold 
diluted sulphuric acid and then with water. Recrystallised twice from alcohol, the dibenzoate (25 g.) 
separated in flat needles, m. p. 74 — 76®, which gave no reaction with ferric chloride (Found, after drying 
over calcium chloride in a vacuum desiccator : C, 70*8; H, 4*6. CjaHigO# requires C, 70*8; H, 4*6%). 

l-Hydroxy-2' : ^'-dibemoyloxy-B-fnethoxyflavylium Chloride (III, R = H). — ^Well-«dried <i>-methoxy- 
2 : 4-dibenzoylresacetophenone (1*18 g.) was dissolved in dry ethyl acetate (30 c.c.). Resorcylaldehyde 
(0*63 g., dried in a vacuum over sulphuric acid) was added and the mixture warmed to complete solution. 
The clear liquid was cooled in ice and saturated with dry hydrogen chloride for 2 hours, care being taken 
to prevent access of moisture. A deep orange-red solution was obtained which was left in a tightly 
corked flask in the ice chest for 2 days. The flavylium salt separated as a red solid which cr 3 ^tallised 
from hot glacial acetic acid in flat, rectangular, orange prisms (Found, in air-dried substance : C, 62*1 ; 
H, 4*4; Ci, 6*2; OMe, 6*4. CsoHjjiO^CLSHjO requires C, 61*8; H. 4*6; Cl, 6*1; OMe, 6*3%). 

1 •Hydroxy-2' : ^'-dibenzoyloxy-h-methoxyflaven (IV, R — H). — The flavylium salt (1 g.) dissolved in 
glacial acetic acid (160 c.c.) was placed in a hydrogenation flask with the platinum catalyst (0*1 g.). The 
absorption of hydrogen, which was fairly rapid up to 35 c.c., slowed down considerably and after 24 
hours reached 46 c.c. (2H requires 36 c.c.), while the deep orange-red solution turned light brown. The 
reduced solution was diluted with a large quantity of ether and the ethereal extract, after being washed 
with ice water, sodium bicarbonate solution, and then again with ice water, was dried (CaCl 2 ) and 
the ether removed under reduced pressure at room temperature. A faintly pink solid was obtained 
wliich, after repeated precipitations with dry petrol from an ethereal solution, was crjrstallised from a 
mixture of these two solvents. The crystals were faintly yellow, and on treatment with sodium 
hydroxide in the cold gave a blue dichroic solution which turned green on standing. With concentrated 
sulphuric acid, a claret-red solution was obtained (Found, in substance dried in a vacuum over calcium 
chloride : C, 69*0 ; H, 4-6. C 8 oH 2 j 507 ,l* 5 H 20 requires C, 69*2 ; H, 4*7%). 

0-6 ; 2' ; 4/-Tribenzoyl-0-^-meihylmorinidin Chloride (III, R = 0*COPh). — Pure dry) co-methoxy- 
2 : 4-diben2oylresacetophenone (6 g.) was dissolved in dry ethyl acetate (100 c.c.), and 2-benzoylphloro- 
glucinaldehyde (3*2 g.) added. The mixture was warmed to ensure complete solution and filtered. The 
clear solution, cooled in ice, was saturated with dry hydrogen chloride for 3 hours. A small quantity of 
the sparingly soluble benzoylphloroglucinaldehyde separated and was removed. The clear deep red 
solution was left in the ice chest for 3 days, but no fli-vylium salt separated. It was then poured into 
dry ether, and the solid which separated was collected and washed witlbi dry ether. The salt was deep red 
with a green reflex ; unlike the resorcinol analogue it was readily soluble in glacial acetic acid. It was 
crystallised from methyl cyanide, separating in flat orange rectangular plates (Found, in substance dried 
over .sulphuric acid : C, 66*6; H, 3*82; Cl, 6*1. C37H2508Cl,Hj0 requires C, 66*6 ; H, 4*05; Cl, 6*3%). 

The flavylium salt (1 g.) was dissolved in glacial acetic acid (60 c.c.), Willstatter's platinum catalyst 
(0*1 g.) add^, and the solution shaken with hydrogen. The quantity of hydrogen taken up was 34 c.c. 
(2H requires 34 c.c.). The solution changed in colour from dark orange-red to light brownish-red which 
darkened considerably in contact with air. It w'as quickly filtered into ice-water, and the faintly pink 
solid collected, washed with water, and dried in a vacuum over calcium chloride. In dilute sodium 
hydroxide solution a faint green colour was observed, which on heating became bright blue, while 
concentrated sulphuric acid dissolved it to yield a crimson solution. 

The author expresses his thanks to Sir Robert Robinson, P.R.S., for advice and encouragement 
during the course of this work. 

Dyson Perrins Laboratory, Oxford. 

University of Ceylon, Colombo. [Received, November 16//?, 1946.] 


337 . The Synthesis of ^-Q-Methoxy(jmnolyl{4:)ethylamine, P-6-Methoxy- 
quinolyl{^)'pro'pionamidine, and ^Q-Methoxyquinolyl{4)ethylguanidine. 

By James Walker. 

j3-6-Methoxyquinolyl(4)-ethylamine, -propionamidinc, and -ethylguanidine have been 
synthesized. In common with quinine, each possesses a strongly basic group separated by a 
chain of two carbon atoms from the 4-position of 6-methoxyquinoline. The substances were 
devoid of antimalarial activity. 

In quinine, the significance of which in the chemotherapy of malaria requires no emphasis, one 
finds that a strongly basic group is separated from the 4-position of 6-methoxyquinoline by 
a chain of two carbon atoms as shown in the partial formula (I), where details of the quinuclidine 
ring system are omitted for the sake of clarity. 

Although Giemsa and Oesterlin [Arch, Schiffs- u, Tropen-Hygiene, 1933, 87, Beiheft 4), in 
studying numerous modifications of the quinine molecule, have attached considerable significance 
to the alcoholic hydroxyl group, and its replacement in the cinchona alkaloids by chlorine results 
in loss of antimalarial activity (Cohen and King, Proc, Roy. Soc . , 1 938, B, 125, 49) , the prime neces- 
sity for the carbinol group appears to be discounted by the activity of 4-ca-dialkylanunoalkyl- 
amino-6-methoxyquinolines (II) (Magidson and Rubtsov, /. Gen. Chem. Russia, 1937, 7, 1896) in 
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avian malaria. King and his colleagues {Proc. Roy. Soc., 1938, B, 126, 60 ; J.. 1940, 1307) have 
shown that some latitude is possible with the quinuclidine half of the quinine molecule by demon- 


MeO; 


iH 

CH(OH)-CHj,-NR, 


CH(OH)-i 


"tX) 


(in.) 


NH-[CHj],-NEtj 

( 11 .) 

CH,-NH-[CHj],-NEts 

(IV.) 


strating antimalarial activity in certain carbinolamines of type (III ; R = alkyl), thus inviting 
comparison of types (II) and (III). Interposing a methylene group between the quinoline ring 
in (II) and the proximate nitrogen atom of the aliphatic diamine group, giving substances of 
t 3 rpe (IV), has been shown to have a dystherapeutic effect (Schonhofer, “ Medicine in its Chemical 
Aspects,” 1938, 3, 66; Work, 1942, 426). Assuming, in line with current thought regarding 
the mode of action of drugs, that the antimalarial activity of quinine is due to its interference 
with the function of an essential structure in the parasite, it is likely that the two basic groups 
play a large part in the reaction and, if it is due to multipoint fit on a protein, the distance 
separating the basic centres should be significant. The three bases, p-6-methoxyquinolyl(4)- 
ethylamine (V), -propionamidine (VI), and -ethylguanidine (VII) were therefore synthesized 
since, in common with quinine, each possesses a strongly basic group separated by a chain of 
two carbon atoms from the 4-position of 6-methoxyquinoline. 


“XX) 


CH,-CHj-NH, 


(V.) 


(VL) 


cHj,-cHj*c(:nh)*nh2 


CHa-CH2-NH*C(:NH) -NH, 


MeO^. 

(VII.) 


Condensation of 6-methoxylepidine with chloral was most advantageously carried out by 
heating them together at 120® in the presence of a little xylene as a flux. The use of p3rridine as 
solvent at water-bath temperature (Alberts and Bachman, J. Amer. Chem. Soc,, 1935, 57, 1284; 
Clemo and Hoggarth, 1939, 1242) was much less satisfactory, the methoxyl group in the 
6-position appearing to reduce significantly the reactivity of the methyl group in the other 
nucleus. Hydrolysis of the resulting cta.a~trichloro-^~hydroxy-y-Q-methoxyquinolyl{4:)propane 
(VIII) afforded ^~^-methoxyquinolyl(4:)acrylic acid (IX), which was also obtained in less satis- 
factory over-all yield from 6-methoxyquinoline-4-aldehyde and malonic acid. Notwithstanding 
the use of freshly prepared selenium dioxide (Kaplan, J. Amer. Chem, Soc,, 1941, 63, 2654) for 
the preparation of 6-methoxyquinoline-4-aldehyde, oi^-his-&-methoxyquinolyl{^)ethylene (X), 
together with quininic acid, was formed in considerable amount during the oxidation of 6-methoxy- 
lepidine, indicating the formation of this type of compound not to be attributable solely 
to ageing of the selenium dioxide used in the oxidation. Hydrogenation of the unsaturated 
acid (IX) afforded ^-Q-melhoxyquinolyl(^}propionic acid (XI), which was converted through the 
methyl ester into the hydrazide, from which the amine (V), characterised as the dihydrochloride, 
was obtained in good yield by Naegeli*s modification (Helv, Chim, Acta, 1929, 12, 227) of the 
Curtius degradation. The acid (XI) was also converted through the amide into the nitrile from 
which the amidine (VI), characterised as the nitrate and as the benzoate, was prepared by the 
orthodox Pinner method. When 6-methoxyquinolylethylamine (V) was liberated from the 
dihydrochloride in concentrated aqueous solution with the calculated volume of standard alkali 
and refluxed with 5-methyh'sothiourea sulphate in the usual way, an indifferent yield of the 
required guanidine (VII) was obtained and the product was difficult to purify. An excellent 
method, however, was found to be the interaction of the amine (V) dihydrochloride with 
S-methylisothiourea sulphate in concentrated aqueous ammonia at room temperature, the crude 
guanidine (VII) sulphate readily separating. This seemingly unorthodox technique has 
previously been used for the conversion of amino-acids into guanidino-acids (D.R.-P. 535,070; 
Schiitte, Z, physiol, Chem., 1943, 279, 52) and is presumably applicable generally to primary and 
secondary amines which are stronger bases than ammonia, so that the ammonia, present in 
large excess, competes at a disadvantage with a more powerful nucleo]:)hilic reagent for the 
S-methyh‘sothiourea. The guanidine (VII) was characterised as the nitrate. 

Tests for therapeutic activity in P. relictum infections in canaries were kindly carried out by 
Dr. Ann Bishop at the Molteno Institute, Cambridge, on (V) (dihydrochloride) and (VI) (nitrate). 
Miss I. M. Tonkin kindly tested (V) (dihydrochloride), (VI) (nitrate and benzoate), and (VII) 
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(nitrate) for therapeutic activity in P. galUnaceum infections in chicks. No antimalarial action 
was observed. 

Experimental. 

^-Methoxylepidine, — The following reduction of 2-chloro-6-methoxylepidine is an improvement on 
previously described procedures. The chloro-compound (100 g.) (Ainley and King, Proc. Roy. Soc., 
1938, B, 125, 60) in alcohol (760 c.c.) containing aqueous sodium hydroxide [23 g. (20% excess) in 76 c.c.] 
was vigorously stirred (mercury seal) in an atmosphere of hydrogen in the presence of palladised 
strontium carbonate (9 g.), the vessel being kept in a bath at 50 — 56® throughout. The anticipated 
volume of hydrogen was absorbed in a few hours, and the alcohol was removed by distillation from the 
filtered solution. The crude product was taken up in excess of 2N-suIphuric acid, filtered from any 
unreduced material, and the reduction product was liberated by careful addition, with stirring, of 40% 
aqueous sodium hydroxide. The precipitated oil quickly crystallised, affording 6-methoxylepidine mono- 
hydrate (88-2 g. ; 96%), m. p. 62®. 

aaa-Trichloro-p-hydyoxy~y-G-methoxyquinolyl{4:)propane (VIII) . — 6-Methoxylepidine monohydrate 
(108-7 g.) was dehydrated by exhaustive azeotropic distillation with benzene and then mixed with 
anhydrous chloral (126 g. ; IJ mols.) and xylene (15 c.c.) which served as a flux. The mixture 
was heated at 118 — 120® for 15 hours, becoming solid during the process. The product crystallised 
from alcohol in colourless rectangular plates (165 g. ; 91%), m. p. 196 — 197° (Found : C, 48*5; H, 4-1 ; 
Cl, 33-4. CiaHiaOjNCla requires C, 48-7 ; H, 3-7; Cl, 33-2%). 

The final mother-liquors were treated in the manner described below with potassium hydroxide to 
convert any remaining chloral-methoxylepidine into the acrylic acid, but only a small amount (7*5 g.) 
of unchanged 6-methoxylepidine was recovered. 

P-Q-Methoxyquinolyl{i) acrylic Acid (IX). — (A) The above chloral-methoxylepidine (146-5 g.) was 
added in portions to a solution of potassium hydroxide (146 g.) in absolute alcohol (600 c.c.) which 
was heated and stirred on the water-bath. A vigorous reaction took place after each addition, and 
finally the mixture was left for one hour on the water-bath. The precipitated potassium chloride was 
removed and washed with spirit. The alcoholic solution and washings, diluted with an equal volume 
of water, were concentrated under reduced pressure on the water-bath to remove alcohol. The 
aqueous solution, treated with norite, afforded, on acidification with glacial acetic acid, a yellow 
precipitate of the acrylic acid monohydrate (89 g ; 79%). The acid separated from 90% acetic 
acid in pale yellow fine needles which showed an intense yellow fluorescence in ultra-violet light, in. p. 
277 — 278° (Found : C, 62*9; H, 5*2 ; loss at 110° in a vacuum, 7-8. Found, for anhydrous material : 
C, 67-6; H, 4*8. Ci3Hii08N,Ha0 requires C, 63-2; H, 5*2; HgO, 7*3. CiaHnOgN requires 
C, 68-1; H, 4-8%). 

(B) 6-Methoxyquinoline-4-aldehyde (29*3 g.) (Kwartler and Lindwall, J. Amer. Chem. Soc., 1937, 
69 , 524) and malonic acid (37*5 g.) were condensed in pyridine (72 c.c.) containing piperidine (2 c.c.) on 
the water-bath for 8 hours and finally under reflux for J hour. The product was isolated in the usual 
way and purified by reprecipitation from solution in excess of aqueous sodium hydroxide and 
recrystallisation from 90% acetic acid (yield, 25*3 g. ; 65%), m. p. 277°. 

ap-Bis-6-methoxyquinolyl{^)ethylene (X). — ^The selenium-containing residues from the oxidation 
of 6-methoxylepidine in dioxan (Kaplan's conditions, loc. cit.) were extracted with hot pyridine. The 
hot solution was treated with norite and cooled, whereupon a solid separated. The solid was extracted 
with chloroform, and quininic acid remained undissolved, m. p. after recrystallisation from nitrobenzene, 
279 — 280° (Found: C, 660; H, 4-2. Calc, for C11H9O3N : C, 650; H, 4*4%). The reddish-orange 
chloroform extract was filtered through alumina, affording a clear orange solution with a strong 
greenish-blue fluorescence. Evaporation to dryness and recrystallisation of the residue from ethyl 
acetate afforded fine yellow prisms of the ethylene, m. p, 196 — 196° [Found : C, 76*6; H, 6*4; N, 8-4; 
M (Rast), 368. CjsHuOjNg requires C, 77-2; H, 5-3; N, 8-2%; M, 342]. 

p-Q-Metkoxyquinolyl{4:)propionic Acid (XI). — The above acrylic acid (IX) (25*3 g.) was dissolved in 
a slight excess of 2N-aqueous sodium hydroxide and shaken in an atmosphere of hydrogen in the presence 
of palladised strontium carbonate (7 g.). The theoretical volume of hydrogen was readily absorbed (in 
3 hours) and no further absorption took place on continued shaking (for 1 hour). The product (24-3 g.) 
was isolated in the usual way. The separated from 30% aqueous acetic acid in fine colourless 
prisms, m. p. 225 — 226® (Found : C, 67*2; H, 5-6. C13H13O3N requires C, 67*6; H, 6-6%). The solid 
and its solutidn in aqueous acetic acid both showed an intense bluish-white fluorescence in ultra-violet 
light. 

The methyl ester (24-9 g.) was obtained by refluxing the acid (25 g.) with methanol (160 c.c.) and 
concentrated sulphuric acid (9 c.c.) for 8 hours. It was isolated in the normal way, and separated from 
ligroin containing a little benzene in colourless rectangular prisms, m. p. 90° (Found : C, 68*3 ; H, 6-9. 
Ci4H,603N requires C, 68-6; H, 61%). 

The amide, obtained by treating the methyl ester (24*9 g.) in methyl alcohol (50 c.c.) with excess of 
concentrated aqueous ammonia (300 c.c.) at 37° for 5 days, separated from water in colourless needles 
(19*6 g.), m. p. 187—188° (Found : C, 67*6; H, 6*0; N, 12-2. CijHi^OjNa requires C, 67*8; H, 6*1; 
N, 12*2%). 

The hy dr azide, obtained by refluxing the methyl ester (29*2 g.) with a slight excess of 50% hydrazine 
hydrate in methyl alcohol (70 c.c.) for 6 hours, separated from spirit in minute colourless prisms (28 g.), 
m. p. 161— 162° (Found : C, 63*2; H, 6*0; N, 16*8. CpHijOjNs requires C, 63-7; H, 61; N, 17*1%). 

g-Q-Methoxyquinolyl(4,)propionitrile. — ^The above amide (5*6 g.) was refluxed with phosphorus, oxy- 
chloride (6 c.c.) in dry chloroform (20 c.c.) for 26 minutes, the solid rapidly dissolving. Solvent and 
excess of phosphorus oxychloride were removed in a vacuum on the water-bath and the residue was 
distributed between ether and ice-cold aqueous alkali. The ethereal solution was dried over sodium 
sulphate and evaporated, the desiccant bemg washed with acetone to recover some of the product which 
crystallised out, and the thick colourless syrup (4*9 g.) promptly crystallised on removal of the solvent. 
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The nitrile separated from benzene-ligroin (ca. 1 : 1) in clusters of transparent, colourless, rectangular 
prisms, m. p. 96 — 97® (Found : N, 13*3. CuH^ONj requires N, 13*2%). 

^-^-Methoxyquinolyl^i^propionafnidine (VI) Nitrate. — A solution of the above nitrile (6*66 g.) in a 
mixture of absolute alcohol (16 c.c.) and dioxan (15 c.c.) was saturated with hydrogen chloride at 0® and 
kept in the ice-chest for several days. The solvent and excess of hydrogen chloride were removed at 
room temperature in a vacuum and the residue was warmed at 37® with 10% alcoholic ammonia (90 c.c.) 
for a week. The small amount of ammonium chloride was rejected and the filtered solution, on 
evaporation to dryness, afforded a crude hydrochloride (7*7 g.) which could not be satisfactorily 
crystallised. The main bulk of the product was dissolved in a small volume of water and treated with a 
similar solution of an equal weight of ammonium nitrate, and the mixture was evaporated to dryness. 
The nitrate crystallised from about 1 J times its own weight of water in clusters of fine colourless needles, 
m. p. 190—191® (decomp.) (Found: C, 53-3; H, 6-6; N, 18-6. Ci 3 H, 50 N 3 ,HN 03 requires C, 63-4; 
H, 6-6: N, 19-2%). 1. 1. 3. 3 4 . . 

ethoxy quinolyl(^)propionainidine Benzoate. — The crude amidine hydrochloride, prepared from 
the nitrile (7-2 g.) as described above, was dissolved in a small volume of water and treated with a slight 
excess of sodium benzoate in concentrated aqueous solution. The precipitated benzoate (1 1 -3 g.) separated 
from about 8 times its own weight of water in colourless prisms, m. p. 192® (Found : C, 68 0; H, 0*0; 
N, 11-9. Ci 3 Hi 50 N 3 ,C 7 He 0 a requires C, 68-4; H, 6 0; N, 11-9%). The benzoate was much more 
soluble in spirit than in water. 

p-6-Metkoxyquinolyl{4:)ethylamine (V) Dihydrochloride. — The above hydrazide (31-9 g.) was dis- 
solved in 40% aqueous acetic acid (325 c.c.) and cooled below 0® while an aqueous solution (100 c.c.) 
of sodium nitrite (36 g.) was added dropwise with thorough stirring. The azide quickly separated and the 
solid was collected after 1 J hours. The filtrate was neutralised to pH 8-5 with solid sodium carbonate 
and the azide was re-suspended in the slightly alkaline liquor and again collected, washed with water, 
and dried overnight in a vacuum over phosphoric oxide. The crude dry azide was then cautiously warmed 
in dry benzene (100 c.c.) until reaction set in. After the spontaneous reaction subsided the mixture was 
refluxed for 20 minutes and cooled. The brown solution was treated with concentrated hydrochloric 
acid (50 c.c.) and the benzene was removed on the water-bath after the reaction had ceased. Water 
was added to keep the hydrochloride in solution, and the dihydrochloride, obtained after decolourisation 
with charcoal and evaporation to dryness, separated from 90% alcohol in fine colourless needles (29*7 g. ; 
83%), m. p. 263® (Found : C, 62*7; H, 6 0; N, 10-4. Ci 3 H, 40 N 2 , 2 HCl requires C, 52*4; H, 6*8; 
N, 10-2%). 

P-^~Methoxyquinolyl(4)ethylguanidine (VII) Nitrate. — The preceding dihydrochloride (3 g.) and 
5-methylisothiourea sulphate (3 g. ; 2 equivs.) were dissolved in concentrated aqueous ammonia (35 c.c.) 
at room temperature and set aside for 42 hours, crystallisation of solid commencing within 2 hours. The 
crude methoxyquinolylethylguanidine sulphate was collected, washed with a little water, and dried in a 
vacuum (yield, 2-8 g.) ; recrystallisation at this stage afforded a somewhat gelatinous product. The 
reaction mother-liquors were evaporated to dryness and worked up for nitrate (0*11 g.). The crude 
sulphate (1 g.) was dissolved in hot water [ca. 10 c.c.) and treated with a warm aqueous solution (2 
c.c.) of ammonium nitrate (2 g.), whereupon the nitrate crystallised out. Recrystallisation from a 
small volume of water afforded colourless clusters of extremely fine felted needles, m. p. 239° (decomp.), 
giving a positive Sakaguchi reaction (Found: C, 50-6; H, 5-7; N, 22*5. Ci 3 Hi 30 N 4 ,HN 03 requires 
C, 60*8; H, 6’6; N, 22-8%). The over-all yield of the nitrate was 70%. 

When the foregoing reaction was carried out in hot aqueous solution, using (in the order of mixing) 
1 mol. of amine dihydrochloride, 2 mols. of sodium hydroxide, and 1 equiv. of S-methyh’ 5 othiourea 
sulphate, the yield and quality of the product were markedly inferior. 

The author is greatly indebted to Dr. Ann Bishop and to Miss 1. M. Tonkin, B.Sc., for kindly carrying 
out the antimalarial tests, and to Mr. L, V. Sharp for assistance in the preparation of starting materials. 

National Institute for Medical Research, [Received, February 19/A, 1947.] 

London, N.W.3. 


338 . Hydrated Oxalates of Soyne Rare-earth Elements. 

By A. W. Wylie. 

The preparation of the “ interstitial hydrates " of some cerium-group oxalates and of 
yttrium oxalate i.s described. A ^-hydrate and a t-hydrate of lanthanum oxalate and a 2-hydrate 
of yttrium oxalate have been prepared. Some properties of these compounds, including 
optical properties, have been studied, and the structure of the hydrates discussed. 

Although numerous hydrates of the rare-earth oxalates have been reported in the literature 
(Beilstein, “ Handbuch der Organischen Chemie 4th edtn.), confusion persists as to the 
identity of many of them. Further information about these compounds seems desirable in view 
of their importance in the chemistry of the rare-earth elements. 

It was shown by Lowenstein (Z. anorg. Chem., 1909, 63, 69, 113) that oxalates of lanthanum, 
cerium, and yttrium containing between 9 and 12 mols. of water per mol. of oxalate varied 
continuously in composition at a given temperature with the pressure of aqueous vapour. This 
behaviour is characteristic of a group of hydrates containing what is sometimes termed “ zeolitic 
water. Although conveniently classing together those hydrates which give a bivariant system 
5q 
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on dehydration, the designation zeolitic hydrate is misleading, in that salts such as the 
rare-earth oxalates of the above-mentioned composition contain none of the interstitial cations 
present in the natural and synthetic zeolites. Barrer and Ibbitson (Trans, Faraday Soc,, 1944, 
40 , 195) and Barrer (Ann. Reports^ 1944, 41 , 31) consider that the state of water and other 
solutes in the zeolites is best described as an “ interstitial solid solution and since water in the 
rare-earth oxalates and similar compounds may also be regarded as being in interstitial solid 
solution, it is proposed to distinguish such compounds as ** interstitial hydrates 

The work of Lowenstein and others indicates that substances previously classed at 9-, 10-, 
and 11-hydrates are to be regarded as interstitial hydrates, to which no definite composition 
can be attributed, but it is not clear from the literature whether a number of other substances 
containing considerably more or less water than indicated above are to be included in this 
category or regarded as separate entities. That the latter alternative is correct is shown 
subsequently, for the range of composition of interstitial hydrates precipitated from solution and 
isolated by the usual methods has been found to vary from 9*6 to 10*9 mols. of water per mol. of 
oxalate. 

Well-formed crystals of the interstitial hydrates may readily be obtained by slow 
precipitation in nitrate solutions at 70°. Chemical and crystallographic evidence shows that 
these hydrates are identical with an isomorphous series of 11-hydrates described by Wyrouboff 
(Bull. Soc.frang. Min., 1901, 24, 106, 111 ; 1902, 25, 66). Identification is most readily made by 
optical methods owing to variable development of crystal faces and a tendency to adopt different 
habits according to the mode of preparation. 

Conditions for the precipitation of the interstitial hydrates differ from one oxalate to another. 
For instance, in 3% nitric acid the cerium compound is obtained at temperatures between 0° 
and 100°. The lanthanum and the yttrium compound, however, are formed only below 80°, 
6-hydrates being obtained at higher temperatures. Although lanthanum forms the interstitial 
hydrate at 0°, yttrium forms a 17- or higher hydrate below 16°. “ Didymium ” oxalate and the 

mixed rare-earth oxalates in which cerium predominates resemble the pure cerium compound in 
behaviour. 

The isolation of a ^-hydrate of lanthanum oxalate raises the question of analogous cerium- 
group oxalates, though no such compounds could be prepared. Since the 6-hydrates of both 
lanthanum and yttrium oxalate appear to form 2-hydrates on heating, formation of the latter 
type of hydrate may be general in the case of the 6-hydrates of the yttrium-group oxalates 
prepared by Marsh (/., 1944, 40). No 17-hydrate other than Ya(C204)3,17H20 (Brauner, /., 
1898, 73, 951 ; Marsh, loc. cit.) has been reported for oxalates of the rare earths, but in view of 
the behaviour of the so-called 17-hydrate either alone or when mixed with other hydrates, it is 
possible that a similar or higher hydrate was present in the material described by Wirth 
(Z. anorg. Chem., 1912, 76, 174) as a 14-hydrate of erbium oxalate. The degree of hydration 
of such compounds is unusually high for oxalates. 

Properties of the Interstitial Hydrates, — Preservation of crystal form and transparency after 
dehydration is characteristic of this class of hydrate. Density measurements on the cerous 
compound reveal that dehydration is accompanied by a volume contraction exceeding 27%. 
The observation that certain inter-edge angles change markedly upon dehydration while other 
inter-edge angles remain almost unchanged suggests that contraction parallel to the (010) plane 
exceeds that in other directions. This contention is supported by cleavage of many dehydrated 
crystals parallel to the (010) plane. 

Rapid yet incomplete expulsion of water from these crystals on heating, and resorption of 
water vapour at lower temperatures by the partly hydrated substances^ indicates that 
transference of water to and from the crystal lattice is readily reversible in the early stages of 
dehydration. Very slow escape of residual water and similar slow resorption of water vapour 
by a sufficiently dehydrated product may be attributed to contraction of the. interstitial channels. 
The sorption-desorption mechanism under either of these conditions possibly follows the process 
of activated diffusion visualised for the natural zeolites by Emmett arid De Witt {/. Amer, Chem, 
Soc., 1943, 65 , 1263) and by Barrer (Trans, Faraday Soc., 1944, 40 , 206, 655). This contrasts 
with the simpler and more speedy difiusion process operative when the diameter of the channel 
exceeds the eflEective diameter of the solute molecules. 

The action of water on the partly dehydrated oxalates varies with the extent of dehydration. 
If this is sufficient to cause extensive changes in the lattice viz., greater than about 90% in the 
cerium-group oxalates and greater than about 70% in yttrium oxalate, less energy is required to 
move ions from the lattice to the solution than is involved in transferring a watei: molecule from 
solution to an appropriate position in the crystal; solution effects therefore predominate 
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over sorption effects. An immediate consequence of the entry of ions into solution is the 
deposition of the fully hydrated interstitial hydrate, which is the appropriate solid phase at 
the temperature of the system. If the extent of dehydration and lattice rearrangement is less, 
lattice forces are sufficiently strong to prevent escape of ions and sorption of water by the lattice 
predominates. 

Conversion of rare-earth oxalates into hydroxides ** is usually accomplished by boiling with 
sodium hydroxide. It has been found that reaction with the interstitial hydrate proceeds 
rapidly in cold 15% sodium hydroxide. With suitable crystals migration of the phase boundary 
between newly-formed hydroxide ** and residual crystalline hydrate can readily be followed 
under the microscope. Initially the process is assumed to involve transfer of hydroxyl and 
oxalate ions across the ingoing surface : 

60H"* -j~ [ 062 ( 0204 ) 3 , wH20],kjH<i — [C e2(OH)g,«ll20]gou,j -f 30204*" 

Since the product appears to be non-crystalline when examined in visible light, possessing only a 
“ relic ” structure, it is further assumed that subsequent rearrangement of cerous and hydroxyl 
ions and of interstitial water molecules occurs, leading to formation of a hydrous oxide or 
hydroxide of cerium in a gelatinous or microcrystalline condition. 

By ignition of the interstitial hydrates in air at 900°, particles of oxides are formed which 
still retain the sharp outlines of the original hydrate crystals (cf. Urie and Wylie, J. Soc. Chem. 
Ind., in the press) . The channels in the dehydrated oxalate crystal must therefore be sufficiently 
wide to allow decomposition products of the oxalate radical to escape without disintegration of 
the structure. Furthermore, the mobility of the anions and cations of the residual oxide must 
be small at 900°, though sufficient at 1200° to bring about collapse of the relic structure and 
relatively speedy formation of a thermally stable form of oxide. 

Limiting Composition and Structure of Interstitial Hydrates . — The highest values found in this 
investigation for the molar ratio of water in the lanthanum and cerium hydrates approach 11 , 
a value found by James and Robinson (/. Amer. Chem. Soc., 1913, 35, 754) for pure neodymium 
oxalate at 25° in water and solutions of neodymium nitrate. For yttrium oxalate this molar 
ratio approaches 10 in samples known to be homogeneous. No study of the composition of 
this solid in contact with water or aqueous solutions has been reported. If the interstitial 
hydrates were strictly isomorphous, the number of interstitial positions available to water 
molecules should be the same in each hydrate and the maximum molar ratio should be 11 for 
oxalates of both the cerium and the yttrium group. Yttrium oxalate, however, differs in a 
number of respects from the cerium-group oxalates and strict isomorphism cannot be assumed. 
These differences must ultimately be traced to differences in the ionic radii and polarisabilities of 
the cations. 

Since James and Robinson found that the 11 -hydrate ” of neodymium oxalate behaved as 
a definite compound it must be assumed, in order to reccmcile this result with the properties of 
the solid interstitial hydrates, that the substance IMg ( 0204 ) 3,111420 (where M is a rare-earth 
element) forms a continuous series of solid solutions with its dehydration products. This 
interpretation requires that the p-c isotherms of the system oxalate-water vapour should 
extrapolate to the same composition for the interstitial hydrates of lanthanum, cerium, and 
neodymium. As the curves obtained by Lowenstein (too. cit.) show little indication of behaving 
in this fashion at 25°, it is assumed that the systems investigated were not in equilibrium. It 
seems doubtful if the curve given for erbium oxalate was obtained with homogeneous material. 

No X-ray determination of the crystal structures of rare-earth oxalates has been made. It 
is assumed that water molecules are held in the lattice of the interstitial hydrates in interstices 
between the cations and the larger oxalate ions, the latter of which have a predominating effect 
in determining the crystal structure. Forces restraining water molecules in the lattice 
presumably consist of electrostatic forces (ion-dipole and ion-induced dipole forces) and 
dispersion forces. In the fully saturated hydrates M.^ ( 0304 ) 3, 11 HgO in which all available 
interstitial positions are occupied by water molecules an ordered arrangement of solute molecules 
may be assumed, whereas in the partly hydrated substances the distribution of water molecules 
is assumed to- be statistical. 

A survey of the optical properties of various forms of oxalic acid and its salts reveals that the 
great majority of these substances resemble the rare-earth oxalates in forming strongly 
birefringent monoclinic crystals. This behaviour may largely be attributed to the high 
refracting power and anisotropy of the oxalate ion (Evans, “ Crystal Chemistry Cambridge 
Univ. Pre§is, 1939, 24, 279; Wooster, Z. Krist., 1931, 80, 495; Robertson, /., 1936, 1817). The 
optical data appear to exclude the possibility of a layer lattice in the interstitial hydrates. The 
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almost isotropic character of the ciystals formed by expitlsion of water from the lanthanum and 
cerium hydrates may be explained by assuming rotation of planar oxalate ions about a centre 
until, when 00% or more of the water is expelled, the anions of the lattice consist of oxalate 
groups inclined in all directions in space. A similar arrangement is not reached in yttrium 
oxalate owing to decomposition of the oxalate before sufficient water can be expelled to allow the 
necessary degree of rotation of the anions. 


Experimental. 

Purity of Materials . — Commercial brands of lanthanum, cerium, and yttrium nitrates ** free from 
other rare earths ** were employed as the hexahvdrates. Lanthanum nitrate. The only impurities 
det^ted were phosphate {0*01 %) and traces of calcium ; the average atomic weight, calculated from the 
ratio La208 : 3C204, was 138-6. Cerous nitrate. Traces of phosphate were present ; the average atomic 
weight, calculated from the ratio 2CeCOt : 3Cj04, was 140-3. “ Didymium ** nitrate. A salt containing 
a preponderating amount of neodymium nitrate was used. Yttrium nitrate. A 10-cm. thickness of a 
2M-solution showed faint absorption lines due to erbium and holmium ; the average atomic weight was 
89-4 and this value was used in calculating the composition of various hydrates of yttrium oxalate. 
Mixed cerium-group nitrates. These, containing thorium, were prepared from the mixed hydroxides by 
dissolving them in nitric acid and reducing ceric nitrate by addition of hydrogen peroxide. 

Solutions for precipitation were placra in a thermostat, and 10% oxalic acid added in excess unless 
stated otherwise. , The rate of precipitation was varied by controlling the rate of addition of oxalic acid. 
Products formed at 50® or above were digested in solution for 1 hour before being filtered ; below 60® the 
digestion time was 4 hours. Each hydrate was washed four times with water at the temperature of 
precipitation, and after treatment with alcohol and ether was dried to constant weight in air and 
transferred to sealed jars. 

All samples were examined under the microscope for homogeneity before analysis. 

The oxalate radical was determined by dissolving the compound in warm 10% sulphuric acid and 
titrating at 80® with 0-lN-potassium permanganate. Oxides were determined by igniting the oxalates 
to 1000®. Cerium, determined volumetrically by oxidation with ammonium persulphate followed by 
titration with ferrous ammonium sulphate (tri-o-phenanthrolinoferrous complex indicator), agreed 
satisfactorily with results obtained by the ignition method. The oxalate was first brought into solution 
by heating with ammonium persulphate, sulphuric acid, and silver nitrate (Axt, J. Soc. Chem. Ind., 1941, 
60 , 229). 

Lanthanum Oxalate . — The solutions contained (a) lanthanum nitrate 10 g., 66% nitric acid 3 ml., 
water 100 ml., and (b) lanthanum nitrate 6 g., 66% nitric acid 3 ml., water 1 1. 




Precipitation 

Molar ratio 


Solu- 


time, 

of water in 


tion. 

Temp. 

mins. 

product. 

Remarks. 

a 

98—76® 

120 

6-00* 

Small granular crystals and aggregates 



3 

7-6— 8-6 

Mixture 

b 

50 

60 

10-6 

Interstitial hydrate,t well-formed crystals 



6 

10-6 

,, ,, poorly-formed crystals 


20 

60 

10-4, 10-4 

„ ,, globular aggregates 


0 

60 

10-4, 10-6 

,, ,, ,» t> 


• Found : La^O,, 60-1, 60-0; C,04, 40-6, 40-6. La8(Ca04)„6H,0 requires La^O,, 60-1 ; C,04, 40-6%. 
t Also formed by adding just insufficient oxalic acid to cause precipitation at 76®, and cooling to 20®. 


At 180® the hexahydrate appears to form a stable dihydrate [Loss of wt., 11-1 — 11-3. Required for 
loss of 4HaO, 11-1%. Found : 0,04, 45-7. Laj (€204)8, 26,0 requires C2O4, 46-7%]. 

The interstitial hydrate at 180® rapidly lost up to 86% of its water content. A further 10% was 
lost very slowly, even in a vacuum, the molar ratio of water in the residue falling to approximately 0-63 
after 1 42 hours without constancy in composition being reached. At 280® the oxalate slowly decomposed . 
When dehydration was somewhat less than 86% complete, the residues resorbed water when placed in an 
atmosphere of water vapour at 20®, at first ra^dly and then more slowly, resorption being eventually 
complete. When dehydration was more than 85% complete, reaction with water vapour was very slow, 
less than 7% of the total water content being resorbed after 100 hours. 

When heated with 6-7N-sulphuric acid for 2 days at 26®, the interstitial hydrate formed rectangular, 
lath-shaped crystals belonging to the orthorhombic or tetragonal system. Although sulphate could not 
be completely removed, by washing with water without decomposing the crystals, the composition 
approximated to the 7-hydrate described by Brauner and Pavlicek (/., 1902, 81, 1264) and by Wirth 
(Z. anorg. Chem., 1908, Ii0, 226). 

Cerous Oxalate . — Solutions (a) and (6) were similar in composition to those used for preparation of 
lanthanum oxalate. 


Molar ratio 


Solu- 

Temp. 

Precipitation 

of water in 

tion. 

time, hrs. 

product. 

a 

101® 

3-6 

8-6— 9-2 

b 

98 

1 

10*3 



2 

10*6 

a 

80 

1 

10-3—10-6 


20 

1 

10 8. 10-9 


0 

2 

10-9 


Remarks. 

Mixture of interstitial hydrate and lesser amount 
of small granular crystals 
Interstitial hydrate, well-formed crystals 

,, ,* $• 9* 

»* ,, .»» »» 

„ „ globular aggregates 

,» ,, i* ft 
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Attempta to prepare a pure S-hydrate by boiling the interstitial hydrate for 17 hours in water or 1% 
nitric acid ivere unsuccessful. 

The ratM of d^ydration of the interstitial hydrate at 180® and of resorption of water vapour at 20® 
were very s i mi lar to the rates observed for the analogous lanthanum hydrate. Prolonged heating in air 
caused slow formation of a yellow ceric compound, although approximately 92% of the water content 
could be removed in a vacuum at 180® without decomposition of the oxalate. Rapid oxidation in air 
occurred at 280®. 

The contraction of the interstitial hydrate during dehydration was followed by determining the 
density of well-formed crystals in bromobenzene at 26® ± 0 01®. This substance is known to be occluded 
to a negligible extent by dehydrated zeolites (Barrer, Ann» Reports, 1944, il, 44) : 


Molar ratio of water 10*6 8-36 6-00 2-81 1*18 

dill 2*36, 2-36 * 2-47 2-72 3 02 3*27 


* Determined in kerosene. 


The density of the final product was equivalent to a contraction in volume of 27-9%. 

Yttrium Oxalate , — The solution contained yttrium nitrate 3 g., 66% nitric acid 2 ml., water 100 ml. 
Duration of precipitation was 2 hours. 


Temp. 

Molar ratio of 
water in product. 

98® 

600* 

80 

7*6— 8*6 

70 

9*62, 9*92 

26 

10*4, 12-9 

15 

16-8, 10* 1 

9 

14*8 

0 

16*6, 16-7, 15*8 1 


Remarks. 

Short, thick, well-formed crystals 
Mixture 

Interstitial hydrate, well-formed crystals 
Mixture of aggregate and poorly-formed crystals 
Globular aggregates of very small crystals " 

** !» »» ft »* 

*• If II II M 


* Found: YjO„ 4M| 41*2; Ca04, 47*9. 48 0. Calc., for ¥2(0304)3, OHjO; Y203.41-2; 0204.47-9%. 
t Precipitate digested in mother-liquor for 72 hours. 



Optical orientation of interstitial hydrates. 


Precipitates formed at 26® or below appeared to consist either of mixtures of the interstitial hydrate 
and a higher hydrate such as the 17-hydrate described by Brauncr (loc, cit,) and by Marsh [toe. cit.) or 
else of a second interstitial hydrate containing ap- 
proximately 17 or more mols. of water per mol. of 
oxalate. Physicochemical data are required to reveal 
the true nature of the solid phase. 

Both the interstitial hydrate and the unidentified 
hydrate obtained below 26® gave the 6-hydratc when 
heated in water for 7 hours at 98®. 

A dihydrate was formed from the hexahydrate at 
180® [Found : C3O4, 55-0, 66-0. Y,{C204),.2H,0 re- 
quires C3O4, 66-1%. Loss of wt., 13*1. Required for 
4H,0. 131%]- 

At 180® the interstitial hydrate readily lost ap- 
proximately 67 % of its water content. A further 20% 
was lost more slowly, leaving a residue in which the 
molar ratio of water was 2-1 — 2*2. The unidentified 
hydrate gave a similar residue at 180®. No further 
loss of water took place at 220®, and at 280® the 
oxalate slowly decomposed. Resorption of water 
vapour at 20° was com^ratively rapid when de- 
hydration of the interstitial hydrate was less than 57% complete; beyond this point water vapour 
was taken up much more slowly, less than 16% of the total water content being resorbed after 45 hours. 

Didymum " Oxalate, — Between 50® and 98® only the interstitial hydrate was precipitated from 
didymium nitrate solutions comparable in composition to solution (b) used for the preparation of 
lanthanum oxalate. 

Mixed Oxalates. — Solution (a) contained mixed nitrates 10 g., 66% nitric acid 38 ml., water 1 1. 
Solution (b) contained rare-earth oxides 5-1 g., thoria 0-6 g., sulphuric acid 18-0 g., phosphoric acid 3-2 g., 
water 100 ml., and was obtained by heating monazite with sulphuric acid, dissolving the sulphates in 
water and filtering the solution. The interstitial hydrate was the only hydrate obtained from either 
solution (a) (60 — 98°) or (6) (80 — 98®). Crystals precipitated in {a) differed in habit from those 
m^cipitated in (6). the former resembling crystals precipitated from lanthanum or cerous nitrate solution. 
The identity of these products was established by determining the optical properties of the crystals. 

Microscopical Examination of Interstitial Hydrate and Reaction Products. — Crystals 40 — 400 /a in length, 
surfaces often curved. Inclusions numerous if rapidly precipitated. Flattened perpendicular to b axis 
if deposited by cooling saturated acid solutions. 

For lanthanum, cerium, and yttrium hydrates with molar ratios of water 10-3, 10-4, and 9-92, 
respectively, optical properties were : crystals monoclinic, optically — , X ^b, Z t\c ^ 26® ±2®, 2 K 
large. Elongation, — in nitrate solution, in sulphuric-phosphoric acid solution. Refractive 
indiGeS : a 1*47(5), /5 1*66, y 1*61 [except for the )rttrium hydrate : a 1*48(6), p 1*66, y 1*61J. No changes 
in a, p, or y were detected for variations of ± 2% in the above values of the molar ratio of water. 
Q^vage was distinct parallel to (010). The (001) face often showed striae parallel to the 010 edge. 

Didymium ” and the mixed rare-earth compounds were almost optically identical with the lanthanum 
and cerium compounds. 
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None ol these observations conflicts with a meagre description of a series of ll-hydrates of cerium- 
group oxalates given by Wyroubofl {loc* cit) with the exception of the angle Z he, which was said to be 
18^. The fl^re rives the optical orientation of the interstitial hydrates^ c A a being the axial angle 
given in Wyrouboff's paper for the lanthanum compound. 

Tranmarent crystals preserving the outline of the parent substance were obtained when 90% of the 
water of hydration was removed (180^) from lanthanum or cerous oxalate. Although no change was 
detected in profile views of the (010) face (see fig.), yet profile views of the 1001) face disclosed marked 
changes in inter-edge angles. Cleavage of a number of crystals along the 010 plane was noted. The 
dehydrated crystals were weakly birefringent and the average refractive index was 1*68 — 1*09. When 
treated with water at 20**, these crystals were gradually changed into a mass of small (2 — 10 fi) acicular 
crystals, the optical properties of which, as far as could be determined, resembled those of the fully 
h^mated interstitial hydrate. The recrystallisation process was slightly exothermic. The optical 
properties of the partly (40 — 70%) dehydrated oxalates were of an intermediate character, smaller or 
thinner crystals being apparently dehydrated to a greater extent than others in the sdme sample. The 
former reacted with water only if the extent of dehydration approached 90%. 

Transparent crystals resembling the parent substance were obtained at 180** only from thin crystals 
of yttrium oxalate, thicker specimens disintegrating on heating. After loss of 76% of the total water 
content, a brittle residue was obtained with approximate refractive indices : a 1*60, p 1*67, y 1*67— >1*68. 
Treatment with water changed this residue into small rectangular laths of the interstitial hydrate. 

After ignition for 1 hour at 900°, the interstitial hydrates formed coherent particles of oxides closely 
resembling the parent crystals, providing these were thin. The particles were highly refractive and the 
majority showed aggregate polarisation. Prolonged ignition completely destroyed the outline of the 
original crystals and resulted in formation of opaque, sintered products. 

By boiling with 16% aqueous sodium hydroxide the interstitial hydrates were converted into 
“ hydroxides^* consisting of discrete particles similar in shape to the parent substance. The particles 
were isotropic or faintly birefringent. By observing the process on a microscope slide the rate of attack 
was seen to be rapid even at 20°. The sodium oxalate produced separated from solution in radiating 
clusters of acicular crystals. 

Microscopical Examination of Hexahydrate of Yttrium Oxalate , — Crystals monoclinic, 20 — 60 fi in 
length, often pinacoidal parallel to c axis and flattened parallel to (100). Cleavage distinct parallel to 
(010). Optically — , X Z he ^ 40°, 2K small, a 1-47, p 1-61, y 1*62. A granular mass of small 
birefringent fragments was formed on heating to 180°. The crystals swelled and disintegrated when 
treated with 16% sodium hydroxide. 

Crystals of the hexahydrate of lanthanum oxalate were too small for satisfactory optical examination. 

The author wishes to acknowledge the assistance of Dr. A. R. Alderman and Mr. A. J. Gaskin with 
the optical determinations. 

Council for Scientific and Industrial Research, 

Melbourne, Australia. ^ [Received, February ^th, 1947.] 


339 . HomovaniUin. 

By A. A, L. Challis and G. R. Clemo. 

Homovanillin (I ; R « H, R' » CHO) was prepared in 66% yield by ozonolysis of 
0-carbethoxyeugenol, followed by catalytic decomposition of the ozonide, and removal of the 
hydroxyl-protecting group by mild hydrolysis. Eugenol methyl ether and acetyl- and 
carbobenzyloxy-eugenol similarly gave the analogously substituted homovanUlins. 

Homovanillin and its derivatives were used in the Fischer indole synthesis, and the Strecker 
amino-acid synthesis; and condensation with cyriohexanone followed by cyclisation and 
dehydrogenation provided a new route to substituted phenanthrenes. 

Homovanillin was obtained in poor yield by Harries and Haarmann (Ber,, 1916, 48, 29, 868) 
by ozonolysis of eugenol and decomposition of the ozonide by zinc and acetic acid. We have 
found that at 0° and in ordinary freezing mixtures a solution of 0-carbethoxyeugenol (1 ; 
R =5 COjEt, R' — •CHiCHj) in ethyl acetate with excess of ozone gives chiefly 0-carbethoxy- 
homovanillic acid, but at — 70^ 6% ozone is almost completely utilised if the special vessel 
illustrated in the figure is employed, and if the ozonide is immediately decomposed by shaking 
with hydrogen and palladised charcoal (cf. Henne and Perilstein, /. Amer, Chem. Soc., 1943, 66, 
2183), good yields of O*carbethoxyhomovanillin were produced which could be converted into 
homovanillm by hydrolysis in dry 2% alcoholm hydrochloric acid. The final product — a 
viscous pale yellow oil— ^id not solidify, but gave a ^-nitrophenylhydrazone, a 2 : 4-dmitro- 
phenylhydrazone, and a semicarbazone, all in 86 — 90% yield. In the presence of even small 
amounts of aqueous alkali or acid, the homovaniUin polymerised, but otherwise was quite stable. 
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O-Acetylfaomovanillin was prepared in an analogous manner. Oxidation in very dilute 
potassium permanganate solution containing excess of magnesium sulphate gave 0*acetylhomo* 
vanillic acid ; more vigorous conditions gave 0-acetylvanillic acid. Nitration of 0-acetylhomo« 
vanillin in acetic anhydride with the theoretical quantity of nitric acid for either the mono- or 
the dinitro-compound gave nitrogenous red oils which would not solidify and could not be 
distilled. 

It was found that the ozonide of 0-carbobenzyloxyeugenol (I ; R =s COjCHj*Ph, R' = 
CHXHa) (Bergmann and Zervas, Ber,, 1932, 65, 1194; Olcott, J. Amer. Chem. Soc„ 1939, 59 , 
392) gave only O-carbobenzylaxyhomovanillin (I ; R ==: COjCHj-Ph, R' = CHO) on catalytic 
reduction. The use of large amounts of catalyst did not result in hydrogenolysis to homovanillin. 

Homovanillin phenylhydrazone was used in a Fischer indole synthesis giving 3‘4'-hydroxy- 
3*-imthoxyphenylindole (II; R = H). This gave only a slight colour in the Ehrlich rosindole 
reaction (indoles substituted in position 3 usually give this reaction, and the failure in this case 
may be due to steric hindrance of the substituent, since neither 2- nor 3-phenylindole gives a 
colour), but the pine-shaving test was strong, ferric chloride gave a deep red colour, and 
concentrated sulphuric acid a series of colour changes. 

The hydroxyl group of the indole was readily acetylated and benzoylated. These derivatives 
gave only slight colours in the rosindole test. With the pine-shaving a good violet colour was 
obtained, but no colour was given with ferric chloride. 

0-Acetylhomovanillin was used in a Strecker synthesis of p-4-hydroxy-3-inethoxyphenyl- 
alanine [I; R = H, R' = CH(NH2)*C02H]. A slight modification of the general method of 
Cocker and Lapworth (/., 1931, 1391) was used, but the yield obtained (ca. 30%) does not compare 
with the 66% by the synthesis of Johnson and Bengis (J, Amer. Chem. Soc., 1913, 85, 1613), 
who hydrolysed vanillylhydantoin, obtained by the reduction of vanillylidenehydantoin, with 
barium hydroxide. 

0-Acetylhomovanillin was condensed with cy^j/ohexanone in technical pyridine to give 
the homovanillylidene derivative (III), which crystallised only with difficulty, possibly owing 
to the presence of geometrical isomers ; the dihydro-compound (IV) crystallised fairly readily. 
This was obtained by reduction of (III) either with sodium amalgam in alcohol-acetic acid, or 
by catalytic hydrogenation, using Adams’s catalyst; it was saturated but still gave an oxime. 
On prolonged refluxing of a moist ethereal solution of (III) with aluminium amalgam, a compound 
was obtained which was unsaturated and non-ketonic and was consequently formulated as (V). 
This compound also was difficult to obtain crystalline and when catalytically hydrogenated gave 
a non-ketonic saturated dihydro-compound identical with that obtained by action of aluminium 
amalgam on (IV). The latter gives a benzoyl derivative ; and is therefore 2,-0~acetylhomovanillyU 
cyclohexanol (VI). 



Attempts to cyclise it by using sodium ethoxide, syrupy phosphoric acid, or phosphoric 
oxide in benzene all failed. This may be due to the fact that while free rotation about the 
carbon bonds of the atoms joining the two cyclic systems allows favourable orientation of the 
hydrogen and hydroxyl groups on the two rings, all three bonds would have to be in definite 
positions to enable this orientation to take place. The substance (III), however, was found to 
cyclise in small yield in either a boiling benzene suspension of phosphoric oxide or on standing 
at room temperature in a chloroform solution of phosphorus oxychloride. With these drastic 
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reagents, enolisation and isomerisation of (III) to (VIII) would be expected ; this would then 
cyclise para to the methoxy-group and aromatisation would occur to give ^aeetox)h2^metkoxy^ 
9 : lO^ihydrophenanthrene, This structure was confirmed by a fairly smooth selenium 
dehydrogenation of the cyclisation product to phenanthrene. Further, less drastic 
dehydrogenation by heating to 210 — 220^ with pailadium-black (Majima and Murahs, Proc, 
Imp, Acad. Japan, 1934, 10, 342) gave 8-acetoxy-2-methoxyphenanthrene (VII, Rs=«Ac; 
Gilman and Cook, /. Amer. Chem. Soc., 1940, 62, 2816), which was hydrolysed to 
3 -hydroxy- 2 -methox 3 ^henanthrene (VII, R « H ; Gilman and Cook, loc. dt .) ; methylation 
gave 2 : 3-dimethoxyphenanthrene (VII, R *= Me; Pschorr and Buckow, Ber,, 1900, 88, 1831). 

Experimental. 

(All m. p.s and b. p.s are uncorrected. Sodium sulphate was used as the drying agent unless otherwise 
stated.) 

O-CarhethoxyeugenoL — ^Sodium hydroxide solution (36 g., 40%) was added dropwise with cooling and 
shaking to a mucturc of eugenol (64 g.) and ethyl chloroformate (40 g,). The whole was expected with 
ether, the extract washed with water and dried, the ether removed, and the residue distilled in a vacuum 
(50 g., b. p. 136 — 138®/l*6mm.). The distillate solidified to stout rhombs, m. p. 31 . 

0-Carhethoxyhoi/novanilHn. — O-Carbethoxyeugenol (10 g.) was dissolved in ethyl acetate (100 c.c.), 
the solution placed in the ozonolysis vessel (see fig.), and the whole cooled in acetone-Dnkold. A 



stream of 6% ozone at 60 c.c./min. was passed in for 6 hrs. The cold Solution of the ozonide was 
hydrogenated in the presence of palladised charcoal (2 g.)i hydrogen being rapidly absorbed (630 c.c. at 
17° and 764 mm. in 40 mins.). The fiask was evacuated, air admitted, the flask shaken for 10 mins., 
the air replaced by hydrogen, and the flask shaken for 6 hrs. The solution was filtered (the catalyst, 
after being washed with a little alcohol and dried, can be used 10 — 12 times), and the solvent removed 
under reduced pressure. The residue was dissolved in ether, the solution washed with saturated sodium 
hydrogen carbonate solution (washings A, see below), dried, the ether removed, and the residue 
fractionated in a vacuum ; 0*6 g., b. p. 136 — 140°^2 mm. y 7*5 g., b. p. 160 — 165°/2 mm. ; 1 g., b. p. 

170 200°/2 3 mm. The redistilled middle fraction was O-carhethoxyhomovanillin (Found : C, 60*7 ; 

H 6*1. Ci»H, 40, requires C, 60*6; H, 5-9%); its 2: ^-dinitrophenylhydrazone formed short yellow 
needles, m. p. 129—130° (Found: C, 517; H, 4*7. Ci8Hi808N4 requires C, 61*7; H, 4*3%), from 
alcohol, and its p-ni/rophenylhydrazonc crystallised from alcohol in orange-red rhombs, m. p. 86 — 86° 
(Found ; C, 67-6 : H. 5-0. Ci,H.,0,N,rMuirMC, 67-8: H, 6-1%). ^ , , , . , 

Homovanillin, — Carbethoxyhomovanilhn (4*5 g.) was dissolved in absolute alcohol (76 c.c.), and dry 
hydrogen cWoride (1*6 g.) passed in. The whole was heated for 1 hr. at 60°, the alcohol removed under 
reduced pressure, and the residue dissolved in ether; the ethereal solution was washed with saturated 
sodium hydrogen carbonate solution, dried, the ether removed, and the residue twice distilled in a 
vacuum (3*2 g.), b. p. 147— 149°/2 mm. (Found : C, 66*6; H, 6*0. Calc, for : C, 66*2; H, 

6*2%). Homovanillin is a pale oil, stable in air, and giving a blue coloration with ferric chloride. Its 
2 : 4-dinitrophenylhydrazone crystallised from alcohol in yellow cubes, m. p. 203°. Its /»-nitrophenyl- 
hydrazone, recrystallised from ethyl acetate, had m. p. 164° (Harries and Haarmann, loc. cil.,pve m. p. 

154 166®). The semicarWone, recrystallised from alcohol, had m. p. 173° (Harries and Haarmann, 

loc. cit., give 173°), and the oxime, colourless needles from alcohol, had m. p. 116° (Harries and 
Haarmann, foe. ciL, give 116°). ^ , 

O-Carbethoxyhomovanillic Acid. — Chi acidifying the wash liquor (A) from carbethoxyhomovanilhn a 
colourless crystalline solid was precipitated; it recrystalUsed from water as glistening, colourless, 
elongated plates of the acid (0*1 g.), m. p. 126—126° (Found : C, 56*6; H, 5*3. C„Hi404 requires C, 
56*7 * H 6*6%) 

Homovanmic acid. 0-Carbethoxyhomovanillic acid (1 g.) was heated for 2 hours on a water-bath 
with s^ium hydroxide (10%, 6 c.c.), and the product, precipitated by acidification and cooling, wm 
recrystalUsed from water, forming glistening plates (0*7 g?), m, p. 139° (Harries and Haarmann, loc. dt., 
give 139°). 

CyAcetylhomovanillin. — 0-Acetyleugenol (13 g.) was ozonised for 11 hrs. and worked up in the same 
manner as the carhethoxy-compound (0*6 g., b. p. 130 — 136°/2 mm. ; 9*2 g., b. p. 140 — 146°/2 mm. ; 
2 g., b. p. 160 — 200°/2 mm.). The distilled middle fraction (Found: C, 63*1; H, 5*6. Calc, for 
Ci.Hi.Oi: C, 63*4; H, 5*8%) gave a, t:4-dinUfophenylkydrag(me, which crystallised from alcohol in 
yeUow cubes, m« p» 144—146° (Found : C, 52*8 ; H, 4*3. Ci7Hn07N4 requires C, 62*6 ; H, 4*1%)* 
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O^AcetylhomovaniUic Acid.-^(l) Homovanillic acid (0*5 g.) was dissolved in a solution of sodium 
hydroxide (0*3 g.) and poured into acetyl chloride (1 c.c.). The product which separated on cooling 
crystallised from water m glistening plates (0*45 g., m. p. 135—136®) (Harries and Haarmann, he. cit., 
give 134®). Hydrolysis gave homovanillic acid, m. p. add mixed m. p. 139®. 

(2) The bicarbonate wash liquor from acetylhomovanillin gave, on acidification and recrystallisation 
from water, the same acid (0*2 g., m. p. and mixed m. p. 135 — 136®) . 

(3) 0-Acetyleugenol (2 g.) m ethyl acetate (100 c.c.) was ozonised for 12 hrs. at 0®. Removal of the 
solvent, dissolution of the residue in ether, extraction of the ethereal solution with saturated bicarbonate 
solution, and acidification of the extract gave acetylhomovanillic acid (1*2 g.), m. p. and mixed m. p. 
135—136®. 

(4) Acetylhomovanillin (2 g.) in acetone (16 c.c.) was shaken with a .solution of potassium 
permanganate ( 1 g.) in water (1500 c.c.) containing magnesium sulphate (2 g.) for 24 hrs. The manganese 
dioxide was filtered off, and the filtrate evaporated to dryness. Hydrochloric acid (6n, 13 c.c.) was 
added, and acetylhomovanillic acid filtered off and recrystallised from water (0*8 g.), m. p. and mixed 
m. p. 135—136® ; a small amount of homovanillic acid was also formed. 

Vanillic Acid. — ^Acetylhomovanillin (1 g.) in acetone (30 c.c.) was shaken with potassium 
permanganate (1 g.) dissolved in water (100 c.c.), the manganese dioxide filtered off, the filtrate 
evaporated to dryness, and the residue ground with concentrated hydrochloric acid (6 c.c.) and warmed 
on the water-bath for 15 mins. The vanillic acid was filtered off, and recrystallised from water as 
lustreless cubes {0*26 g., m. p. and mixed m. p. 207®). 

Nitration of O- Acetylhomovanillin. — Fuming nitric acid (d 1*62, 0*36 g.) was added dropwise to a 
mechanically stirred solution of acetylhomovanillin (2 g.) in acetic anhydride (26 c.c.) in a freezing 
mixture, and the whole was set aside overnight. Urea (1 g.) was added, the mixture diluted with water 
(100 c.c.) and extracted with ether, the extract washed with sodium hydrogen carbonate solution (5%). 
dried, and the ether removed. The residue was a deep red oil which solidified in “ Drikold ** but melted 
again at room temperature; it could not be distilled. Use of twice the quantity of nitric acid and 
warming the reaction mixture on the water-bath gave an apparently identical product. 

O^Carhohenzyloxyeugenol. — Carbobenzyloxy chloride (3*6 g.) (Bergmann and Zervas, loc. cit.) was added 
to a suspension of eugenol (3 g.) in water (70 c.c.) containing sodium carbonate (1 g.) . Thewholewas shaken 
for 48 hrs., the smell of the acid chloride then having almost gone (cf. Olcott, loc. cit.). The suspension 
was extracted with ether, the extract dried, the ether removed, and the residue distilled in a vacuum 
(6*8 g., b. p. 170 — 180®/1 — 2 mm.). On standing, the distillate solidified into stout needles, m. p. 63®. 

O-Carbobenzyloxy homovanillin. — Carbobenzyloxyeugenol (13 g.) was ozonised for 6 hrs. and worked 
up in the same manner as the carbethoxy-compound except that 6 g. of palladised charcoal were used. 
The middle fraction (9 g., b. p. 160 — 170®/! mm. Found : C, 67*7; H, 5*5. requires C, 

68*0 ; H, 6*3%) gave no coloration with ferric chloride. 

O-Carbobenzyloxyhomovanillic Acid. — ^The bicarbonate wash liquor from the last experiment, on 
neutralisation, gave this acid, which crystallised from water in long lustrous needles (0*8 g., m. p. 
107 — 108®). On refluxing with hydrochloric acid (4n, 10 c.c.), this gave homovanillic acid, m. p. and 
mixed m. p. 139®. 

S-4'-Hydroxy-S'-methoxyphenylindo2e. — Homovanillin (2*2 g.) and phenylhydrazine (1*6 g., freshly 
distilled) were refluxed in alcohol (26 c.c.) for 3 hrs., and the alcohol distilled off. Fresh alcohol (26 c.c.) 
was added and the solution saturated with dry hydrogen chloride and refluxed for 1 hr. The alcohol was 
distilled off, alcohol (26 c.c.) added, and the whole saturated with dry hydrogen chloride at 0® and set 
aside overnight, then refluxed for 1 hr. and the alcohol distilled off. The residue was extracted with hot 
benzene, and the extract cooled, filtered, and the benzene removed. The residual oil (0*6 c.c.), dissolved 
in benzene (0*7 c.c.), was poured dropwise into well-stirred light petroleum (b. p. 40 — 60®). The creamy- 
white precipitate was filtered off and washed with a little light petroleum, then recrystallised from 
benzene-light petroleum (b. p. 80 — 100°) (0*6 g,, m. p. 117®, softening at 100®) (Found : C, 76-1; H, 
5*4. Ci^HigOgN requires C, 76-3 ; H, 5*46%). The indole is soluble in alcohol, benzene, acetone, acetic 
anhydride, and sodium hydroxide solution, and slightly soluble in hot light petroleum. It gives no 
coloration in the Ehrlich test, but gives a red- violet pine-shaving reaction, and with concentrated 
sulphuric acid, a blood-red colour, changing to purple and brown. 3-Phenylindole also gives no Ehrlich 
test, but with concentrated sulphuric acid it gives a yellow colour, changing to red and brown. 

The Q-acetyl derivative, had m. p. 96® (softening at 90°) (Found : C, 70*9; H, 6*1. Cj^HigOaK 
requires C, 71*4; H, 6*6%), and the O-benzoyl derivative m. p. 133® (softening at 130°) (Found : C, 76*2 ; 
H, 4*6. C, 2 Hi 703 N requires C, 76*9 ; H, 4*95%), both from benzene light petroleum (b. p. 80—100°). 

Both compounds were soluble in organic solvents, but almost insoluble in sodium hydroxide solution 
or water ; neither gave an Ehrlich reaction, but both gave a violet colour in the pine-shaving test. 

P-^-Hydroxy’Z-methoxyphenylalanine. — 0-Acetylhomovanillin (20 g.) was dissolved in liquid 
hydrogen cyanide (40 c.c.), and after 10 mins, the solution was slowly added with stirring to a solution of 
ammonia (20 g.) in water (25 c.c.) cooled to — 70®. The result was sealed, and the mixture set aside 
overnight and then slowly added to a mechanically stirred solution of sulphuric acid (1200 c.c., 40%), 
heated to 125® for 3 hrs., and poured into water (2 1.). The solution was heated to boiling and barium 
hydroxide (700 g.) added. Superheated steam was passed through the boiling solution, while barium 
carbonate was added in small portions till no more ammonia was evolved (ca. 260 g. required). Dilute 
snlphuric acid was added until the solution showed the presence of sulphate ion, and the barium sulphate 
was filtered off and well washed, and the combined filtrate and washings concentrated to 100 c.c. The 
hot solution was treated with lead carbonate until effervescence ceased lea. 10 — 12 g.) ; it was not acid 
to Congo-red. The whole, after standing overnight, was filtered and the nitrate saturated with hydrogen 
sulphide, sUlowed to stand, and refiltered. After being boiled with charcoal (3 g.), the filtered solution 
was concentrated to 20 c.c. and set aside. The crystals (5 g. , and a further 1 *4^. obtained on concentration) 
melted at 228—229®. Recrystallisation from water afforded colourless needles (4 g.), m. p. 264 — 266^ 
(decomp.), after losing water of crystallisation (Johnson and Bengis, loc. cit., report a dihydrate, m. p,® 
266 — 266®, decomp.). 
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Tlio anhydniiis hydrogen cyanide used was conveniently stoned in an equal volume of glacial acetic 
acid. No heat was evolved on mixing, and the solution was kept in an ordinary well-stoppered bottle 
without deterioratioB . The pure cyamde was obtained by distiUmg the solution from a batb at $0—40*’. 

%*O->Ace(ylh 0 movaniUylidenecyclohexanone (III). — ^Acetylhomovanillin (IS g.) and <^r/ehexanone 
(8 g.) in dry technical pyridine (80 c.c., b. p. 185^ were heated under reflux for 8 hrs., the solvent 
evaporated off, and the residue poured into water (180 c.c.). The mixture was acidified and extracted 
with warm benzene, the extract washed (dilute hydrochloric acid ; dilute sodium hydroxide solution ; 
water), dried, and refluxed for 0*5 hr. with active charcoal (2 g.). The hot solution was filtered and 
concentrated to 40 c.c., the residue poured dropwise into well-stirred cold light petroleum (b. p. 40—60*’), 
and the creamy-white precipitate of the compound (III) (18 g.) filtered off, washed with a little petroleum, 
and recrystallised from benzene-light petroleum or dilute alcohol (10 g.), m. p. 84® (Found ; C, 70*5: 
H, 7*3. Ci 7 H|{o 04 requires C, 71*0; Ii. 7*0%). The oxime formed needles, m. p. 106®, from alcohol. 

2-HomovamllyJidenecyclohiXimone. — (1) The above ketone (0*5 g.) was shaken with sodium hydroxide 
solution (6%, 25 c.c.) at 100® for 0*5 hr., then heated at this temperature for 1 hr. After cooling, the 
solution was extracted with ether, acidified, and extracted with benzene. The benzene extract was 
dried and boiled under reflux with active charcoal (0*2 g.) for 0*25 hr. The extract was filtered, 
concentrated to 4 c.c., and poured dropwise with stirring into cold light petroleum (b. p. 40 — 60®). The 
creamy-white precipitate was filtered off and washed with a little petroleum, then recrystallis^ from 
benzene-light petroleum or dilute alcohol (0*8 g., m. p. 105®). 

(2) 0-Acetylhomovanillin (3*6 g.) and cyclohexaxione (2 g.) were refluxed in absolute alcohol (50 c.c.) 
containing sodium (2*5 g.) for 4 hrs. Glacial acetic acid (6*5 c.c.) was added, and the alcohol removed. 
The residue was poured dropwise into well-stirred ice-water, and the precipitate collected, washed, 
dried, dissolved in benzene (50 c.c.), and worked up as above, giving 3 g., m. p. and mixed m. p. with the 
above 106®. 

2^0-Acetylhomovanillylcyclohexanone (IV). — (1) 2-Acetylhomovanillylidene£:yf/ohexanone (3 g.) was 
dissolved in alcohol (25 c.c.), and the solution vigorously stirred while sodium amalgam (4%, 40 g.) was 
added in small portions. The solution was kept just acid by gradual addition of glacial acetic acid (4*6 
c.c.). The temperature towards the end of the reaction was kept between 60® and 60°. The whole was 
made slightly basic (sodium hydroxide) and evaporated to dryness. The residue was extracted with hot 
benzene, the extract washed v^th a little water, dried, refluxed with active charcoal (0*8 g.) for 0-3 hr., 
filtered, concentrated to 8 c.c., and poured dropwise into well-stirred cold light petroleum (b. p. 40 — 60®). 
The colourless precipitate was collected, washed »vith a little petroleum, and crystallised from 
benzene-light petroleum or dilute alcohol (2*6 g., m. p. 134°) . 

(2) The same ketone (30*13 mg.) was quantitatively hydrogenated in glacial acetic acid (10 c.c.) with 
freshly reduced Adams’s catalyst (3 mg.), 2*30 c.c. of hydrogen at N.T.P. being absorbed in 20 mins. 
(0*986 double bond). The solution was filtered and concentrated to 1*6 c.c., water (20 c.c.) was added, 
and the precipitate recrystallised from benzene-light petroleum, giving 0*02 g., m. p. and mixed m. p. 
with the above 134®. The compound was saturated and gave an oxime, needles (from alcohol), m. p. 83®. 

2-0-Acetylhomovanillylidenecyclohexanol (V). — 2-Acetylhomovanillylidenecyclohexanone (3 g.), 

dissolved in moist ether (160 c.c.), was heated under reflux for 12 hrs. with freshly prepared aluminium 
amalgam (4 g.), the mixture filtered, and the alumina and excess of amalgam washed with ether; the 
filtrate and washings were dried, the ether removed, and the residual oil dissolved in benzene (8 c.c:) and 
poured dropwise into well-stirr^ cold light petroleum. The precipitate was collected, washed with a 
little petroleum, and recrystallised from benzene-light petroleum. The compound (2*4 g., m. p. 161°) 
was unsaturated and did not form an oxime, but was soluble in sodium hydroxide. 

2-O-Acetylhomovanillylcyclohexanol (VI). — (1) The above hexanol (86*41 mg.) was quantitatively 
hydrogenated in glacial acetic acid solution (10 c.c.) with freshly reduced Adams’s caWyst (5 mg.) ; 
2*76 c.c. of hydrogen at N.T.P. were absorbed in 16 mins. (0*982 double bond). The solution was filtered 
and concentrated to 1*3 c.c., water (20 c.c.) was added, and the precipitate recrystallised from 
benzene-light petroleum (0*02 g., m. p. 171®). 

(2) 2-Acetylhomovanillylcyclohexanonc (3 g.), treated with aluminium amalgam and worked up 
exactly as in the preparation of (V), gave 2*68 g., m. p. and mixed m. p. with preparation (1) 171® ; the 
compound (VI) was saturated and non-ketonic (Found : C, 70*0; H, 8*0. 0,711,404 requires C, 70*0; 
H, 8*2%). This gave a benzoate, m. p. 156® (Found : C, 72*4; H, 6*9. C,4H„05 requires C, 72*7 ; H, 
7*1%), from benzene-light petroleum. . 

Attempted Cyclisations, — (1) 2-HomovamUyky<^ohexanoh 2-AcetyIhomovanillykyc/ohexanol (0*3 g.), 
dissolved in absolute alcohol (10 c.c.) containing sodium (0*2 g.), was heated under reflux for 2 hrs. 
Glacial acetic acid (1 c.c.) was then added, and the whole evaporated to dryness. The residue was 
extracted with ether, and the extract washed (sodium carbonate), and dried. The ether was removed, 
and the oily residue dissolved in benzene (1*5 c.c,) and poured into cold, well-stirred light petroleum (b. p. 
40 — 60°), The precipitate, recrystallised from benzene-Kght petroleum (0*14 g.), had m. p. 161 — 163® 
and was probably 2-homovanillylcyciohexanol (Found : C, 72*1 ; H, 8*5. CisHtjO, requires C, 72*0; Hj 
8 * 8 %). 

(2; The cyc/ohexanql (0*5 g.) was stirred into syrupy phosphoric acid (3 c.c.) 5nd set aside for 10 hrs. 
The whole was poured into water, basified (sodium hyaroxide), and extracted wth ether. This extract 
contained only a trace of material. The aqueous solution was acidified and extracted with ether, and 
the extract worked up like the ethereal extract in (1), giving 0*3 g., m. p. and mixed m. p. with the 
startin^aterial 171®. \ / e e 0 r 

(3) The cyriohexanol (^6 g.) was stirred into syrupy phosphoric acid (3 c.c.) and warmed on the 
water-bath for 1 hr. Considerable tar was formed. Working up as in (2) afforded only 0* 1 g. of starring 
material. 

(4) To the ^lohexanol (0*8 g.) refluxing in benzene (10 c.c.), phosphoric oxide (0*6 g.) was added 
in small portions during 1*5 hrs. Water (26 c.c.) was added to the cooled reaction mixture, and the 
whole worked up as above. Only impure starting material (0*1 g.) was obtained. 

2-Acetoxy-2-methoxy-9 : lO-dihydrophenanthrene, (1) 2-0-Acetylhomovanil2ylidenec^^lohexanone (10 
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g.) and benzene (100 cx.) were heated under reflux while phosphoric oxide (10 g.) was added in small 
portions during 3 hrs. The mixture was decomposed with water (200 cx.)* a>nd the whole basified 
(sodium hydrcmde) and extracted with ether (extract A). The aqueous solution was acidified and 
extracted again with ether (extract B) . Extract A was washed with water* dried* and the ether removed 
The residue, recrystaUised several times from dilute alcohol, gave needles (0*18 g.)* m. p. 174° (Found : 
C, 76*9; H* 6*66. requires C* 76*1 : H* 6*0%). Extract B similarly gave 0*049 g. of leaflets 

from dilute alcohol, m. p. 147° (compound H ) . 

(2) The cyclohexanone (6 g.) was dissolved in chloroform (40 cx.), and phosphorus oxychloride (6 cx.) 
added. The whole was kept overnight* shaken with water* and then with sodium carbonate solution. 
The chloroform layer was filtered and dried* the chloroform removed* and the residue {ca, 1 g.) dissolved 
in a little alcohol. The crystals deposited on standing were recrystallised from dilute alcohol* afiording 
needles (0*2 g.)* m. p. and mixed m. p. with the above 174°. 

The above compound* m. p. 174° (0*06 g.)* was heated at 299 — 300° with selenium (0*1 g.). The 
sublimate (ca, 0*03 g.)* resublimed in a vacuum* had m. p. and mixed m. p. with phenanthrene* 99° ; 
picrate (from alcohol), m. p. 141°. 

S'‘Acetoxy‘2-methoxyphenanthrene (VII ; R = Ac). — (1) The above dihydro-compound (0*1 g.) was 
mixed with palladium-black (0*1 g.) and heated at 210^220° until no further change was visible. 
Alcohol (2 cx.)* was added* the whole warmed and filtered, the filtrate concentrated to 0*3 c.c.* and hot 
water (1 c.c.) added. The crystals which separated on cooling, recrystallised from dilute alcohol, formed 
needles (0*02 g.)* m. p. 144°. 

(2) The dihydro-compound (0*3 g.) was heated under reflux for 6 hrs. with maleic acid (0*8 g.)* 
palladium-black (0*26 g.)* and water (6 c.c.)* diluted with alcohol (12 cx.)* filtered hot* and the filtrate 
evaporated to dryness. The residue was warmed and stirred with sodium carbonate solution (12 c.c.) 
and extracted several times with ether* the extract dried, and the ether removed. The residue 
recrystallised from alcohol in stout, colourless needles (0*2 g.), m. p. 144° (Gilman and Cook* loc. cit,, give 
146—147°) (Found : C* 74*6 ; H. 6*6. Calc, for C„Hi 40 , : C, 74*9 ; H. 6*3%). 

Z‘Hydroxy-2-methoxyphenanthfene. (1) The above acetoxy-compound (0*16 g.) was heated for 
2 hrs. with sodium hydroxide solution (8%, 3 c.c.), and the solution acidified, allowed to cool, and filtered. 
The precipitate recrystallised from dilute alcohol in short needles (0*11 g.), m. p. 143° (Gilman and Cook* 
loc, cit., give 146—146°) (Found : C, 80*3 ; H* 6*6. Calc, for : C, 80*6 ; H, 5*36%). 

(2) Compound H (above) (0*03 g.) was refluxed for 4 hrs. with maleic acid (0*1 g.), palladium-black 
(0*05 g.)* and water (1*2 c.c.)* and the product worked up as above ; it gave 0*01 g. of needles, m. p. and 
mixed m. p. with the above, 143°. 

2 : 2-Dimethoxyphenanthrene. The above hydroxy-compound (0*1 g.) was dissolved in sodium 
hydroxide solution (3 c.c., 2%), and the solution heated on the water-bath. Methyl sulphate (0*1 c.c.) 
was added with stirring, and after 0*26 hr., sodium hydroxide solution (3 c.c., 4%) was added, and the 
whole heated for a further 0*26 hr. The reaction mixture when cold was extracted with ether, and the 
extract dried. The ether was removed, and the residue recry stallised from dilute alcohol in leaflets 
(0*08 g.)* m. p. 130 — 131° (Pschorr and Buckow* loc. cit., and Rschorr* Annalen, 1912, 891* 39, give m. p. 
131°) (Found : C, 80*6; H, 6*7. Calc, for : C, 80*7; H, 6*9%). The picrate separated in 

yellow needles, m. p. 125 — 126° (Pschorr, loc. cit., gives 127°). 

University of Durham, King's College* 

Newcastle-on-Tyne. [Received, January 20th, 1947.] 


NOTES. 

Derivatives of Indene and of Butyric Acid, By J. S. H. Davies and D. S. Morris. 

The work of various authors (Chem, Reviews, 1946* 87, 481) has shown that certain derivatives of 
0-hydroxy-2-/>-hydroxyphenylindene and of 6-hydroxy-2-p-hydroxyphenyl-3 : 4-dihydronaphthalene 
possess oestrogenic activity. Our programme to extend the work of these authors* although well 
advanced* was anticipated by the publication of Silverman and Bogert (/. Org. Chem,, 1946* 11* 34). 

The present note deals with two similar indenes* not previously described* and also with unsuccessful 
attempts to prepare ay-diphenylbutyric acid and oy-di-^-methoxyphenjrlbut 3 nic acid from ethyl ay-di- 
phenylacetoacetate and its di-^-methoxy-derivative respectively, as intermediates in an alternative 
route to 2-phenyltetralone and 7-methoxy-2-p-methoxyphenyltetralone. 

0’Methoxy-2*'p-methoxyphenylindene. — ^The 6-methoxy-2-/>-methox5rphenylindanone required was 
prepared by the route independently used by Silverman and Bogert (loc. cit.). The indanone (1 g.) 
was hydrogenated at ordinary temperature and pressure in ethyl alcohol in presence of Raney nickel 
(2 g.). The residue obtained after filtration and removal of solvent was stirred with concentrated 
sulphuric acid (1 drop), warmed for a few minutes on the water-bath* and extracted with benzene. 
The indene formed small needles* m. p. 194° from alcohol (Found : C* 80*2; H* 6*2. Ci.Hf.Oji requires 
C, 81*0; H, 6*3%), 

0»Methoxy^2 : Z-di-^methoxyphenylindene. — ^The above indanone (1*6 g.) in toluene (14 c.c.) was 
added to the Grignard reagent prepared from /’-anisyl bromide (2*1 g.)* magnesium (0*27 g.), and ether 
(28 C.C.). After the ether had be^ removed, the toluene solution boiled for 1 hour* and the complex 
decomposed, the residue from the toluene was dissolved in a mixture of light petroleum (b. p. 40 — 60°) 
and benzene (1 : 1 by vol.) and chromatographed (alumina). Pure O-methoxy-2 : 2-di^^methoxyphenyl- 
indene (0*7 g.) was obtained as small ne^es, m. p. 128—130° (Found : C, 80*0; H* 6*4. C^HttOg 
requires C, 80^4; H, 6*1%). 

^•Hydroxy^ny^iphenyibwtyric Acid , — Ethyl ay-diphenylacetoacetate (28*2 g.)* pr^red by the 
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method of Conant and Blatt (/• Atner, Chem* Soe,, 1029, 01, 1227), was hydrogenated in ethyl alcohol 
at atmospheric pressure and a maximum temperature ol 50 — 60^ in presence of Raney nickel ; only 
one molecular proportion of hydrogen was absorbed. Removal of the catalyst and solvent, followed 
by hydrolysis of the residue by refluxing it for 4 hours with potassium hydroxide (6*5 g.) in 50% aqueous 
alcohol, furnished a mixture of a neutral substance (3*8 g.), believed to be phenylethyl alcohol, and 
p kydroxy^aY’diphenylbutyric acid (13*5 g.) which formed needles, m. p. 210®, from aqueous methyl 
alcohol (Found : C, 75*1; H, 6*6; equiv., 254. requires C, 75*0; H, 6*3%; equiv., 266). 

The application of Kosenmund's proc^ure {Ber.t 1942, 75 , 1850) to ethyl ay~diphenylacetoacetate 
(1 g.) using palladised barium sulphate (1 g.) in acetic acid (100 c.c.) containing perchloric acid (1 drop) 
in order to effect further reduction was unsuccessful, the products isolated after hydrolysis being 
j8-hydroxy-ay-diphenylbutyric acid (0*3 g.), pbenylacetic acid (0*7 g.), and a neutral substance, prob- 
ably phenylethyl alcohol. The hydrogenation of sodium j5-hydroxy-ay-diphenylbutyrate in water 
with copper chromite at 200® and 160 atmospheres gave likewise an acidic product consisting almost 
entirely of phenylacetic acid. 

Ethyl ester. The j5-hydroxy-acid (10*6 g.) was refluxed for 4 hours in ethyl alcohol saturated with 
dry hydrogen chloride. The ester was obtained as an oil (9-6 g.), b. p. 168 — 160®/! mm., which slowly 
solidified and melted at 61 — 62® (Found : C, 76*3; H, 7*3. CijHjoOj requires C, 76*1 ; H, 7*0%). 

All attempts to dehydrate the acid or ester, which included the phosphoric oxide method of Kon 
and Nargund (/., 1932, 2461) and the xanthate method (Kon and Narracott, 1938, 672), were 
unsuccessful. 

Ethyl ay^Di-y^ethoxyphenylacetoacetatc, — Following the method of Conant and Blatt (loc. cit.), 
ethyl ^-methoxyphenylacetate (114 g.) in ether (100 c.c.) was slowly added to a stirred, cold solution 
of wopropylmagnesium bromide, prepared from fsopropyl bromide (123 g.), magnesium (24*3 g.), and 
ether (200 c.c.). The mixture was stirred at room temperature for 1 hour, refluxed for 4 hours, and 
left overnight. Propane was evolved during the reaction. After processing, the oil was distilled and 
the fraction, b. p. 140 — 160®/0*0001 mm. (66 g.), was collected. This fraction solidified on standing 
and was crystalused from alcohol to 3rield the ester as pale yellow needles, m. p. 61 — 62® (Found : 
C. 70*4; H, 6*4. CjoH^aO* requires C, 70*2; H, 6*4%). 

fi-Hydroxy-ay-di-^-meihoxyphenylbutyric Acid. — ^The above ester (4*6 g.) in ethyl alcohol (200 c.c.) 
was hydrogenated at ordinary temperature and pressure in the presence of Raney nickel (2 g.) ; only 
one molecular proportion of hydrogen was absorbed. Removal of the catalyst and solvent gave the 
crude ester as an oil (4*6 g.). The oil (1 g.) was shaken for 6 hours at room temperature with aqueous 
sodium hydroxide (20 c.c., 2n) and ethyl alcohol (10 c.c.). The acid (0*4 g.) was obtained as small 
needles, m. p. 136-~136® raised to 138® after crystallisation from benzene-light petroleum (b. p. 40 — 
60°) (Found : C, 68*3; H, 6-6. CigH2o05 requires C, 68-4; H, 6-3%). — British Schering Research 
Institute, Brook Lane, Alderley Edge, Cheshire. [Received, January 21sf, 1947.] 


Compounds Related to ^ :Z-Dimethylpyridine. By Ahmed Mustafa and Mustafa Kamal Hilmv. 

(I) Action of Aromatic Aldehydes on 2 : Z-Dimethyipyridine — (a) In presence of acetic xtnhy dr ide. The 
following stilbazoles were prepared by refluxing the appropriate benzaldehyde (1 mol.) with 2 : 3-dimethyI- 
pyridine (1 mol.) and acetic anhydride (6 mols.) for 30 hours, followed by steam distillation (cf. Shaw 
and Wagstaff, J., 1933, 77). Z‘Methyl-2-stilbazole, obtained as colourless crystals from light petro- 
leum (b. p. 30-~50®), m. p. 66® (Found : C, 86*8; H, 6*6; N, 7*1. CigH^gN requires C, 86*2; H, 6*6 
N, 7*2%), was easily soluble in benezene, alcohol, and hot light petroleum (b. p. 60 — 70®) ; picrate 
yellow needles, m. p. 198® from alcohol. Its 2'-m7ro-derivative, pale yellow needles from light petroleum 
(b. p. 60 — 80®), m. p. 106® (Found : C, 69*9; H, 6*0; N, 11*7. CjgHiaOaNj requires C, 70 0; H, 5*0 
N, 11*7%), was easily soluble in ether and hot ethyl alcohol; picrate, yellow crystals, m. p. 190 — 191‘ 
from alcohol. Its S'-wifro-derivative, yellow cryst^s from ethyl alcohol, m. p. 124® (Found : C, 69*7 , 
H, 6 0 ; N, 11*7%), was difficultly soluble in cold benzene or cold ethyl alcohol ; picrate, yellow crystals, 
m. p. 208—209^ from alcohol; and the 4'-«ifi'0-derivative, yellow crystals from alcohol, m. p. MS'* 
(Found : C, 69*7 ; H, 4*9 ; N, 11*8%), was soluble in hot ethyl alcohol and hot benzene ; picrate, yellow 
crystals, m. p. 198 — 199®, from alcohol. 

(b) In presence of water. The following alkines were prepared by heating the aromatic aldehyde 
and 2 : 3-dimethylp3rridine (1 mol. each) with water (4 mols.) in a seal^ tube for 10 hours at 170°. The 
mixtures were not homogeneous at room temperature. The products were treated as in the preparation 
of the corresponding stilbazoles (Shaw and Wagstaff, loc. cit.). They crystallised as pale yellow crystals 
from ethyl alcohol. 2'-NitrO‘Z-methyU%'>stilbazolealkine, m. p. 106® (Found : C, 65*1; H, 6*1; N, 10*5. 
C14H14O3N2 requires C, 66*1; H, 6*4; N, 10*9%); 3'-ntffo-analogue, m. p. 131® (Found : C, 65*0; 
H, 6*3; N, 11*1%); 4'-m7ro-isomer, m. p. 126—126® (Found : C, 66*1; H, 6*4; N, 10*6%). 

The above three alkines (1 mol. each), boiled with acetic anhydride (4 mols.) for 2 hours, afforded 
the corresponding stilbazoles (mixed m. p.) in almost pure condition. 

(II) Action of Aromatic Aldehydes on 2 : Z-Dimethylpvridine Methiodide. — Solutions of equimolecular 
amounts of the reagents in a minimum of absolute ethyl alcohol, treated with a few drops of piperidine 
and then set aside at room temperature for some time, deposited crystals of the condensation product ; 
when this was heated at about 250® under reduced pressure, the corresponding stilbazole distilled over 
(cf. Koelsch, /. Amer. Chem. Soc., 1944, 66, 2166). 

2 : Z-Dimethylpyridine methiodide, colourless crvTstals from absolute ethyl alcohol, m. p. 206° (Found : 
C, 39*0; H, 5*0; N, 6*6; I, 61*1. CgHi,NI requires C, 38*6; H, 4*8; N. 5*6; I. 61*0%), easUy soluble 
in cold water and soluble in ether, afforded ^*-methoxy-2-fnethyU2-sBXbazoU methiodide, yellow needles 
from water, m. p. 234® (decomp. ; orange melt) (Found : C, 62*4; H, 4*9; N, 3*7 ; I, 34*2. CigHjgONI 
requires C, 52*3; H, 4*9; N, 3*8; I, 34*6%), readily soluble in hot water and practically insoluole in 
benzene and light petroleum (b. p. 30—50®). The corresponding stilbazole formed almost colourless 
crystals from light petroleum (b. p. 50 — 70®), m. p. 88® (Found : C, 79*7 ; H, 6*7 ; N, 6*2. CjgHjgOJf 
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requires C, 80*0 ; H» 6*6 ; N, 6*2%) ; it was soluble in ethyl alcohol ; picrate, yellow crystals, m. p. 
196—197® from ethyl alcohol. 

2'-Methoxy-Z-fneifyl-2-stilbazole methiodide formed yellow cr 3 rstals from water, m. p. 206° (decomp.) 
(Found : C, 62*3; H, 4*8; N, 3*7; I, 36*0%), and the sHlbazole separated in colourless crystals from 
light petroleum (b. p. 30 — 60°), m. p. 60° (Found : C, 79*6; H, 6*6 ; N, 6-9%) ; picrate, yellow crystals 
from alcohol, m. p. 208 — 209°. 

Z'-Nitro-Z-methyl’Z-stilbazole methiodide, pale yellow crystals from water, m. p. 245° (decomp.) 
(Found : C, 44*9; H, 4*4; N. 6*7; I, 32*1. C„Hi 50 ,N,I,HjO requires C, 46*0; H, 4*3; N, 7*0; I, 31-7%), 
difficultly soluble in cold ethyl alcohol and light petroleum (b. p. 30 — 60°), afforded the stilbazole as 
yellow crystals from light petroleum (b. p. 90 — 100°), m. p. 124° (Found : C, 69*5; H, 6-2; N, 11*6%), 
identical (mixed m. p.) with the specimen described in (I), 

Z-Methylpiperolidine^^^picoline methiodide, yellow crystals from hot water, m. p. 260° (Found : 
C, 60*4; H, 4*5; N, 3*7; I, 33*0. CnHi,OjNI requires C, 60*4; H, 4*2; N, 3*7; I, 33*3%), almost 
insoluble in light petroleum (b. p. 50—70°), afforded the base as almost colourless crystals from light 
petroleum (b. p. 90 — 100°), m. p. 117° (Found : C, 76*0; H, 6-4; N, 6*1. CuHijOgN requires C, 75*3; 
H, 6*4; N, 6-9%), soluble in hot ethyl alcohol or benzene; picrate, yellow crystals, ra. p. 219° (decomp.), 
from ethy]^ alcohol. 

4'-Dimethylamino-Z‘methyl‘2’Stilbazole methiodide, reddish silky crystals from hot water, m. p. 255° 
(decomp.) (Found: N, 6*9; I, 33*0. requires N, 7*4; I, 33-4%), almost insoluble in cold 

water and in light petroleum (b. p. 30 — 60°), afforded the stilbazole as golden-yellow needles from ethyl 
alcohol, m. p. 93° (yellow-brown melt) (Found : C, 80*5; H, 7*6. CieHigN, requires C, 80-7 ; H, 7*6%), 
soluble in benzene and hot light petroleum (b. p. 80 — 90°) ; picrate, brick red crystals, m. p. 202° (red 
melt) from ethyl alcohol. 

(Ill) Action of Alcoholic Potassium Hydroxide on Stilbazoles. — 4'-Nitro-3-methyl-2-stilbazole (1 g.) and 
ethyl alcoholic potassium hydroxide (16%; 10 c.c.) were heated at 100° for 16 minutes; the crystals 
which separated were filtered off, washed with water, and crystallised from benzene, forming golden - 
yellow crystals, m. p. 220° (red melt) (Found: C, 78*2; H, 5*6; N, 13*3. C2gH240N4 requires 
C, 77*8; H, 6*5; N, 13*0%). 4'-Azoxy-3‘methyl~2~stilbazole was difficultly soluble in ethyl alcohol 
and gave a deep red colour with concentrated sulphuric acid. Similarly, the 3'-a^o;»:y-compound was 
obtained as brown crystals from benzene, m. p. 167° (Found : C, 78*2; H, 6*3; N, 12*9%), difficultly 
soluble in cold ethyl alcohol and giving a red colour with sulphuric acid ; and the 2'-azoxy-isomQr formed 
pale yellow crystals, from benzene, m. p. 174° (Found : C, 78*3 ; H, 5-6; N, 12*7%), difficultly soluble 
in ethyl alcohol and giving an orange-red colour with sulphuric acid. — Fouad I University, Faculty 
OF Science, Abbassia-Cairo, Egypt. [Received, January 21th, 1947.] 


The Infra-red Spectrum of Vulcanised Rubber and the Chemical Reaction Between Rubber and Sulphur. 

By N. Sheppard and G. B. B. M. Sutherland. 

In an earlier paper (Trans. Faraday Soc., 1946, 41, 261) we described an infra-red spectroscopic 
investigation of the vulcanisation of rubber, and drew attention to a band at 10-4 (960 cm.'^) which 

appeared in the spectrum of both straight and accelerated vulcanisation. We have further investigated 
this phenomenon and find that the intensity of this band correlates well with the amount of sulphur 
chemically incorporated, but not with the degree of vulcanisation as reflected in the physical properties of 
the finished product. 

We were unable to explain this band in a convincing manner in terms of C-S linkages, but more 
recently have found a band in the same position (10*4 fjt), and another at 11-2 fi (890 cm.“') in certain 
thermally degraded rubbers. Since in this case the two new bands are obviously due respectively to the 
development of new CHRXHR', and CRR'ICH 2 groups, it seemed probable that the 10-4 /i band in 
vulcanised rubber might also be caused by new groupings of the former type. An investigation of the 
spectrum of an ebonite (in which the rubber-sulphur reaction has been carried to an extreme) gave 
confirmation of this idea. In this spectrum, absorptions in the region of 6 /x showed that a considerable 
number of double bonds remained, but the characteristic absorption at 12*0 /x arising from CRR'XHR" 
groups in rubber had largely disappeared. On the other hand the band at 10*4 (although now shifted to 
slightly longer wave-lengths) had greatly increased in intensity. 

These facts find a convincing explanation in the hypothesis that the reaction between rubber and 
sulphur causes at some stage a shift in the position of the double bond of type CMelCH — in the rubber 
chain, giving rise to a group of the type CHRICHR. Further confirmation of this comes from the studies 
of Farmer and Shipley (this vol. p. 1^9) on the reaction between sulphur and the diolefins, geraniolene and 
dihydromyreene. The available data on the structures of these reaction products have led these authors 
to conclude that o-methylenic^ initiation of the sulphuration reaction occurs to an important extent. 

They envisage attack of the — -CHj’CMeXH-CHj — group which is common to rubber and the diolefins at 
positions (1) or (4) with the initial removal of a hydrogen atom from the a-methylenic carbon atoms. The 
radical formed by removal of a hydrogen atom from (1) could by resonance cause the double bond to move 
to the left. In this new position the double bond would still be of type CRR'XHR" and would be 
expected to absorb at the usual 12*0 ft position. However, removal of the hydrogen atom from (4) would 
give rise to a radical which could move the double bond to the right and thus give rise to CHRICHR' 
groups, and hence to a band at 10*4 fi in the final product. 

The work described above on the vulcanisation and d^adation of rubber will be published in more 
detail later. We should like to express our thanks to Dr. £. H. Farmer and Dr. R. F. Naylor for helpful 
discussions on the above points. — ^The Laboratory of Colloid Science, Cambridge. [Received, 
March 2m, 1947.] 
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The Ernst Julius Cohen Memorial Lecture. 

Delivehed before the Chemical Society on October 2nd, 1947. 

By F. G. Donnan, C.B.E., D.Sc., LL.D., F.R.S. 

Amongst the distinguished Dutch men of science of the generation that is now passing, or has 
already passed, away, a very high place must, by universal consent, be assigned to the subject 
of this Memoir. It would be no exaggeration to say that the name, and very often the per- 
sonality, of Ernst Cohen have been known to students of chemistry and physics throughout 
the world for nearly fifty years. His famous researches in the fields of polymorphism, electro- 
chemistry, thermochemistry, and piezochemistry, the excellent books he wrote, his many visits 
to other countries and the lectures he gave therein, and — ^last but not least — ^the important part 
he played in the national and international organisation and development of chemical science, 
made Ernst Cohen one of the most outstanding and well beloved men of science of his day and 
generation. 

He was the devoted pupil and disciple of the great van’t Hoff, and belonged to that famous 
Dutch school of physicochemical science associated with the names of van't Hoff, Roozeboom, 
Cohen, and Schreinemakers. Although van't Hoff is, perhaps, best known to students 
of chemistry for his pioneer work on optical activity and the ** tetrahedral carbon atom the 
laws of osmotic pressure, and the application of thermodynamics to the study of chemical 
equilibria and ** chemical dynamics he became interested in the conditions of formation and 
decomposition of double salts before he left Amsterdam, and during his Berlin period (from 
1895 onwards) devoted himself to the study of the formation of oceanic salt deposits. The 
famous work of Roozeboom on Heterogene Gleichgewichte is well known to physical 
chemists and metallurgists, whilst Schreinemakers, the mathematician and geometer, became 
the great investigator and exponent of “ geometrical thermodynamics as applied to the trans- 
formations and equilibria of heterogeneous multicomponent systems. Broadly speaking, we may 
say that Cohen took a line of his own, and devoted a large proportion of his researches to the 
investigation of the polymorphism of one-component systems : the conditions of equilibrium, 
the transitions, and the stable and metastable states of the various solid (crystalline) modific- 
ations of chemically pure substances, especially the elements. His work was characterised by the 
use of exact electrochemical and thermochemical methods, and by the study of equilibria and 
transformations at high pressures (up to 1500 atmospheres). Apart from these extensive 
“ piezochemical ** researches, he made a long-continued and intensive study of electrochemical 
thermodynamics, especially in relation to the study of standard galvanic cells (so-called normal 
elements ”). 

Ernst Cohen may well be regarded as the greatest of the disciples of van’t Hoff. His thesis 
for the doctorate in Amsterdam under van’t Hoff (1893) was probably the starting point, perhaps 
indeed the fundamental stimulus, of much of his subsequent research work. It was entitled 
“ The Electrical Method of determining Transition-points and the Electromotive Force of 
Chemical Reactions If under a given external pressure a chemical reaction be conducted 
isothermally and reversibly it will yield the maximum external work possible under these 
conditions. This maximum work, according to van’t Hoff, measured the " affinity ” of the 
reaction. Hence the importance of determining the reversible E.M.F. of a galvanic cell in 
which a chemical reaction occurs isothermally and reversibly, for in this case the maximum work 
per unit reaction can be calculated. So in his thesis for the doctorate Cohen entered the field 
of electrochemical thermodynamics, a subject which he developed throughout a long series of 
researches and which underlay his very important and detailed work on standard cells and other 
galvanic combinations' It may not be unnecessary to remark that, as probably every student 
knows now-a-days, the fundamental principles of electrochemical thermodynamics were estab- 
lished by Willard Gibbs in the period 1876—78. We may indeed say that the general physical 
theory underlying the researches of Cohen on the polymorphism and equilibria of solid phases 
of one-component systems and on galvanic cells, namely the principles of thermod 3 mamics as 
applied to heterogeneous systems (i.c., multi-phase systems), were established by Willard Gibbs. 
It is well known that van der Waals directed the attention of Roozeboom to this earlier work 
of Gibbs, and it is also well known that this indebtedness of the famous Dutch school has been 
very generously acknowledged. Needless to say, in mentioning the work of Gibbs there is no 
intention to underrate in the slightest degree the originality and the great scientific value of 
the \vork of van’t Hoff, Cohen, Roozeboom, and Schreinemakers. 
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Ernst Julius Cohen was born in Amsterdam on March 7th, 1869. It is in the highest degree 
probable that he would, in normal circumstances, be alive to-day. But, alas, the circumstances 
were terribly and horribly abnormal. Owing to the fact that he was a man of Jewish descent, 
it is now a practical certainty that he was foully murdered on or about March 5th, 1944, in a 
gas chamber at the “ extermination ** camp of Auschwitz. Concerning this tragic event some- 
thing more will be said at the conclusion of this Memoir. 

Chemistry was in his blood, for his father, Jacques Cohen, born at Diisseldorf in 1833, studied 
under Liebig at Giessen and afterwards under Bunsen at Heidelberg, where in 1863 he obtained 
his doctorate in chemistry. Having held posts in technical chemistry at Brussels and Amster- 
dam, Dr. Jacques Cohen, together with several friends, formed in 1864 the " Company for 
Chemical Industry ’* (the Netherlands Coal Tar Distillery), of which he remained Director until 
his death in 1881. He married in 1863 Johanna Rosenthal, a native of Hanover. Both 
Jacques Cohen and his wife became Dutch by naturalisation. Ernst Julius was the third of 
their children. 

At the secondary school (Hoogere Burgerschool) in Amsterdam the young Ernst studied 
chemistry and took a great interest in photography, for which the summer holidays, often spent 
with his parents in Switzerland, gave him plenty of opportunity. His earliest publications dealt 
with subjects relating to the art and science of photography. After the school “ passing-out 
examination came the preparation for the State examination giving access to the University. 
During this period he was fortunate to obtain excellent private lessons in Latin and Greek from 
Dr. J. S. Speyer, teacher at the Amsterdam Gymnasium (higher secondary school) and later 
Professor at Leiden University. This classical and literary training was invaluable to him in 
later years. In June 1888 he passed the State examination and was then able to devote himself 
to the study of the exact sciences at the University. The lectures of van’t Hoff, van der Waals, 
and Korteweg particularly attracted him, and with Dr. Ch. M. van Deventer (one of van't 
Hoff’s assistant) he made an investigation of heats of solution. Having passed the " Candidate 
Examination ” in 1890 he went, on van't Hoff’s advice, to Paris and worked for a short time in 
the laboratory of Moissan (then very famous for his isolation of fluorine in 1886). Armed with 
introductions from van’t Hoff, he also visited Berthelot, Pasteur, and Gabriel Lippmann, and 
saw something of their work and their laboratories. Professor Marey also showed him his 
photographs of animals in motion. Returning to Amsterdam, he soon afterwards spent some 
time at the State Agricultural Experimental Station at Breda, where he acquired valuable 
experience in analytical chemistry. Then came the preparation for the Doctoral Examin- 
ation ” at the University and attendance at the senior lectures of van der Waals and van’t Hoff. 
This examination was successfully passed in November 1892. 

The young candidate for the Doctorate had now to choose the subject for his Doctor thesis. 
Apparently his reading of van’t Hoff’s “ Etudes de Dynamique Chimique ” induced him to 
request of his prospective sponsor permission for an investigation of the electromotive force 
resulting from a chemical reaction. Van’t Hoff agreed — but with a warning about the diffi- 
culties. However, all went well in the end, and on November 8th, 1893, Cohen attained the 
doctorat ein chemistry with honours. The title of his thesis has already been given (see p. 1700). 

With his appointment as a demonstrator in van’t Hoff’s laboratory, there now began a very 
strenuous period of teaching and research, lasting nine years. Shortly after graduation he 
married Miss Louise Gompertz, who greatly contributed to the happiness of his home life and 
the efficiency of his University work. Van’t Hoff’s new laboratory at Amsterdam became a 
very active centre of research. In the old laboratory Arrhenius and Meyerhoffer were already 
working, and to the new laboratory came many men whose names became well known in chemical 
science — ^W. D. Bancroft, H. C. Jones, R. Ldwenherz, V. Rothmund, and J. Verschaffelt. 

Ernst Cohen soon became a Lecturer (Privat Dozent) and a very active and successful 
investigator. In collaboration with Bredig and van’t Hoff he continued the work on ‘ ‘ transition 
elements ”, and published several papers on subjects related to his interest in photography, 
e,g,, the action of hydrogen on silver bromide gelatine plates ; the solubility of silver halides in 
various solutions ; the supposed influence of gelatine on the double decomposition of salts. 

A great change came in the Amsterdam laboratory when, in 1896, van’t Hoff resigned, and 
was succeeded by Bakhuis Roozeboom. Cohen now took a much greater part in the lectures 
on ph3rsical chemistry, but this did not interfere with his output of research. Besides work on 
the decomposition of arsine and on the ionisation of substances in alcohol-water mixtures, his 
famous series of investigations on the allotropic modifleations of tin began, at first in collabor- 
ation with van Eijk, whose attention had been drawn to this problem by Roozeboom. 

Cohen’s reputation as a physical chemist had now risen so high that in 1898 he was offered 
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the Chair of Physical Chemistry at McGill University in Montreal. He was, however, so happy 
in Amsterdam and his relations with Roozeboom were so friendly that he declined the honour. 
In 1901 he became extraordinary ** Professor of Chemistry in the University of Amsterdam, 
with special reference to Physical Chemistry. 

His reputation as a physical and inorganic chemist was now established, with the result that 
in 1902 he was appointed to the Professorship of Inorganic and General Chemistry at the Univer- 
sity of Utrecht. At first he had to occupy the old and very inadequate laboratory which dated 
from the time of G. J. Mulder. But he had accepted the Chair at Utrecht on the condition that 
a new laboratory should be built. The new and excellent laboratory, built to his own designs 
and named the van't Hoff Laboratory in honour of his great teacher and inspirer, was opened 
on May 18th, 1904, with van't Hoff himself as the guest of honour. 

Now began the great period of his life as Professor at Utrecht and Director of the van't Hoff 
Laboratory, a period which lasted until his retirement iu 1939. During this period of thirty- 
five years he built up one of the world’s great centres of teaching and research in 
physical chemistry. However, it might have happened that Utrecht soon lost Cohen, for, after 
he had bcHjn only five years there, Roozeboom died (1907), and the Professorship at Amsterdam 
]>ecaine vacant. It was offered at first to Schreinemakers, who declined. Then the invitation 
came to Cohen. But he was so happy in his new laboratory and amongst his new colleagues 
that he also declined the honour. 

A very large proportion of the researches in Utrc'cht due to Cohen and his collaborators and 
students dealt with the polymorphism of substances, both elements and compounds. The 
w'ork on tin, begun in Amsterdam, was continued and much developed. This is perhaps the 
most famous of all his investigations. It had been known before his time that certain organ 
pipes made of tin in the old castle church at Reitz had largely crumbled into a grey powder 
during a cold w'inter (as reported by G. L. Erdmann in 1851), and Fritzsche in 1869 had described 
a case where blocks of Banca tin had similarly ’ det^ayed ” in the store of a custom house in 
Russia. These extraordinary phenomena were explained by Cohen, who showed that they 
were due to the transformation of ordinary “ white ” tin into another modification, “ grey " 
tin. By dilatometric and other methods he found the transition temperature to be 18® (cor- 
rected later to 13*2°). Below this equilibrium temperature, ordinary white tin is unstable with 
regard to the stable modification, the grey tin. But under ordinary conditions the change 
does not occur, the white tin being then “ metastable The change may, however, be greatly 
accelerated by various means, e.g., lowering of temperature, presence of certain solvents, ” inocu- 
lation ” wdth grey tin, etc. Cohen drew attention to the fact that objects of tin kept in museums 
sometimes develop w'arty “ intumescences ”, owing to the gradual and local onset of the change 
to grey tin. He called this the museum disease ”, and such changes became celebrated as 
the ” tin disease ”. 

The next case he investigated was the phenomenon known as ” explosive antimony ”. If 
a concentrated solution of antimony chloride in water (plus some hydrochloric acid) be electro- 
lysed with an antimony anode and a platinum cathode, the metallic deposit on the cathode, if 
scratched or struck, shows a sudden large evolution of heat, accompanied by clouds of white 
fumes. Cohen showed that this phenomenon is due to the fact that the original metallic deposit 
is an unstable (i.c., metastable) modification which clianges with evolution of heat to a stable 
modification, the clouds being caused by the volatilisation of occluded antimony chloride. 

He was now well embarked on his great series of investigations of the ” physical meta- 
morphosis ” (as he called it) of solid substances. In the case of tin, the grey tin is (at ordinary 
atmospheric pressure) stable below the corre.sponding transition temperature, the white tin 
stable above it. This is a case of enantioiropy, the two forms being enantiotvopic . In the case 
of antimony, one modification has no temx)erature region of true stability (always metastable) . 
This is an example of monotropy. In a long series of researches these phenomena of poly- 
morphism of solid (ciystalline) substances were investigated in numerous instances — phosphorus, 
tellurium, cadmium, bismuth, zinc, copper, the ” explosive ” platinum metals of Bunsen, lead, 
silver, potassium, sodium, antimony iodide, cadmium iodide, silver iodide, thallous picrate, 
ammonium nitrate, etc. 

Special attention was paid to the existence of metastable phases and to their usual formation 
under conditions where the stable ones would be ” thermodynamically ” expected. The 
phenomena of both enantiotropy and monotropy were found to be exceedingly common amongst 
both elements and compounds. From 1909 onwards a series of papers entitled ” The meta- 
stability of our metal world on account of allotropy, and its significance for physics, chemistry, 
and technology ” were published by Cohen, who had gradually come to the conclusion that most 
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metals in common use were, if not entirely metastable, at least mixtures of stable and meta- 
stable forms (phases) . The same thing applied to the majority of solid non-metallic substances. 
He was also forced to the conclusion that the well-known tables of physical constants, c.g., 
density, specific heat, etc., contained unreliable data owing to the physical impurity ” of solid 
chemically pure substances. 

Reference may be finally made to Cohen's investigations of what he called the “ strain 
disease Cx>ld working, especially polishing, of metals produces, according to him, metastable 
conditions as a result of partial disruption or deformation of crystalline structures and the 
formation of “ amorphous ” states which, owing to vibration or other causes, are liable to a sort 
of " recrystallisation ”, i,e., reversion to the stable crystalline state (compare the '* fiow'ed ” 
state of Beilby). Hence the technically troublesome phenomenon of '* season cracking 

In his work on the transformation of solid substances from one stable phase to another one, 
stable at higher temperatures, a very characteristic feature of Cohen's researches was the 
employment of what he called ” transition elements Various types of such galvanic cells 
were used, of which a few’ examples may be mentioned here. If the E.M.F. of the cell 

Metal M in the stable | A solution of a I Metal M in the metastahle 
solid phase I salt of M | solid phase 

be measured at a constant pressure but at different temperatures, it will have a zero value at 
the transition temperature (equilibrium temperature). The transition cell 


Metal M in the stable I A solution of a I An amalgam electrode of 

solid phase | salt of M | the metal M 

will show a break in the curve relating E.M.F. to temperature at the transition temperature, 
provided that the amalgam suffers no change of condition (such as a change from a purely liquid 
to a heterogeneous state, or vice versa), and that the phase change of M is not retarded. 

The cell (analogous to the standard Clark cell) 


Zinc amalgam 


Saturated solution of ZnS 04 , 7 H 20 in 
contact with the solid salt 


HgaS 04 .Hg 


w’ill show a break in the E.M.F.-temperature curve w’hen the solid heptahydrate changes to the 
solid hexahydrate. 

A study of galvanic cells led him to a long scries of researches on the electrochemistry of the 
standard Clark and Weston cells, including also the Daniell cell and the calomel cell of Lipscomb 
and Hulett, A close and accurate investigation of all the actions occurring in such cells and the 
conditions of stability or metastability of all the phases present, whether solid metals, metallic 
amalgams, or solid salts, led to great and important advances, including, for example, the 
demonstration that the standard Weston cell (as then employed) was quite unreliable. This 
close and accurate analysis enabled him to determine wdth high precision the various quantities 
occurring in the Gibbs-Helmholtz equation. His work in this field w^as indeed a most valuabk‘ 
contribution to electrochemical thermodynamics. 

An important part of the researches carried out in the Utrecht laboratory by Cohen and his 
collaborators concerned the effect of pressure on the reactions and equilibria occurring in 
condensed (liquid and solid) systems. To this branch of chemical science he gave the name 
” piezochemistry An account of the work carried out in this field up to 1914 was published 
by Cohen and Schut in a book entitled ” Piezochemie kondensierter Systeme ” (Leipzig, 1919). 
This valuable work contained detailed references to the existing scientific literature. An 
excellent and detailed account of his researches in piezochemistry (up to 1925) can be found in 
his book entitled ” Physico-chemical Metamorphosis and some Problems in Piezochemistry ” 
(McGraw Hill, 1928), w’hich contains the twenty-one lectures which he delivered at Cornell 
University as the George Fisher Baker Non-Residential Lecturer (1925 — 26). It may be said 
in passing that anyone washing to obtain a first-hand and detailed account of Cohen’s j^rincipal 
fields of research may be referred to this book. 

The elaborate high pressure apparatus constructed in the Utrecht Laboratory enabled 
measurements to be made up to 1600 atmospheres. A mere enumeration of the principal types 
of effects which were studied \vill indicate the extent of this work. These included the effect of 
pressure on : (1) rates of chemical reaction ; (2) transition temperatures of solid phases ; (3) elec- 
tromotive force of galvanic cells ; (4) solubilities of solid substances ; (6) Faraday’s first law ; 
(6) velocity of diffusion in liquid systems ; (7) viscosity of liquids ; and (8) electrical conductivity 
of solutions. So great \vas the extent and detail of these investigations that only a few' remarks 
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can he made on an occasion such as the present. The rate of inversion of sucrose at 25^ in an 
aqueous hydrochloric acid solution was found to be reduced by about 26% when the pressure 
is increased from one to 1500 atmospheres. In the hydrolysis of ethyl acetate by sodium 
hydroxide in aqueous solution a rise of pressure from one to 1600 atmospheres increased the 
reaction- velocity constant by 37%. In these and other similar cases of reaction- velocities the 
measured effects could not be related to thermodynamical equations dealing with equilibrium 
states. In the case, however, of transition temperatures of solid phases, use could be made of 
the well-known Clapeyron equation 

dr _ r(t/a ~ c/x) 
dp q 

where — denotes the volume change, T the transition (equilibrium) temperature, p the 
pressure, and q the corresponding heat absorption. In connection with the effect of pressure on 
solubility, Cohen was able to relate his experimental data to the thermodynamical equation 
known as " Braun's law ", namely 

(I),/©,--"'"®- 

where x denotes the solubility (as moles of solute in a given mass of solvent). On the right- 
hand side of the equation, Lv denotes the so-called " fictitious " volume change, i.e., that 
corresponding to the solution of one mole of the solute in a large quantity of the saturated 
solution at T and p, and Q the corresponding amount of heat absorbed under such conditions, 
i.e., the " fictitious heat of solution These fictitious quantities are simply the limiting values 
approached as the concentration of the solution approaches the saturation (equilibrium) value 
at the given p and T. A fuller and more precise discussion of these matters and a mathematical 
proof of Braun's equation would have been desirable, but the foregoing remarks must suffice for 
the purpose of indicating the general nature of Cohen's work in this particular field of 
investigation. 

The measurement of the effect of pressure on the E.M.F, of a reversible galvanic cell at 
constant temperature enabled Cohen to ascertain the effect of pressure on the “ affinity " (in 
the sense of van't Hoff’s definition) of the chemical reactions occurring in the cell, and led him 
to a very interesting series of investigations (which included measurements of the effect of 
pressure on the Clark and Weston cells and the lead accumulator). In connection with his 
work on the effect of pressure on diffusion velocity, a brief reference may be made to the potentio- 
metric measurement of the rate of diffusion of cadmium into mercury. It was found that the 
velocity of diffusion of cadmium into mercury at 20® is reduced by 5% on application of an 
external pressure of 1600 atmospheres. Measurements of the viscosity of mercury (at 20®) at 
pressures of one atmosphere and 1600 atmospheres led Cohen to the conclusion that the product 
of the diffusion velocity and the viscosity is equal to a constant independent of the pressure. 
Finally, it may be mentioned that he proved experimentally that the electrical charge of an ion 
in solution is unchanged by an increase of pressure up to 1600 atmospheres. 

This brief sketch of some of the main lines of investigation carried out by Cohen and his 
collaborators might be much extended, did space permit. For example, much excellent calori- 
metric work on specific heats of solids and solutions and on heats of solution deserves mention, 
especially the very interesting investigation on the (negative) heats of solution of the various 
polymorphic forms of cadmium iodide, and their mixtures, which was made possible by the use 
of a specially constructed and very accurate form of electrical adiabatic calorimeter. Many 
other lines of work would be worthy of discussion, but the mere mention of a few of them must 
suffice : osmotic pressure and its measurement ; corrosion of metals ; effect of traces of water 
on equilibria in solutions, and superheating in relation to the intensive drying of liquids ; influence 
of dispersity on solubility and physico-chemical constants; velocity’ of polymorphic changes 
and the influence of mechanical deformation ; polymorphy of ice at one atmosphere pressure. 

A very characteristic part of the many activities of Ernst Cohen was due to his deep interest 
in the history of science, especially, of course, chemical science. Anyone visiting his laboratory 
or his home was at once struck by the abundance of old prints relating to personalities and events 
of interest or importance in this history. In his own country he was the moving spirit in the 
establishment of the historical Committee of the Dutch Chemic£d Society and the formation of 
its valuable historical library. He was also one of the founder members of the Dutch Society 
for the History of Medicine, Natural Sciences, and Mathematics, becoming its Chairman in 1916. 
A long series of “ chemical-historical " articles and notes in the Chemisch Weekblad bear ample 
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witness to his activity in historical research, as do also various books, namely one on the history 
of “ laughing '' gas, one on Herman Boerhaave, and his great book on the life and work of 
van't Hoff. 

For a man so actively engaged in the laboratory, his scientific-literary output of books was 
quite remarkable. In addition to those to which reference has been made, the following may be 
mentioned : ** Studien zur chemischen Dynamik ** (an enlarged edition of van’t Hoff's “ fitudes 
de Dynamique Chimique ’*) ; Monograph on Tin in Abegg's “ Handbuch der anorganischen 
Chemie ; two textbooks for medical students, one on physical chemistry, and one (with 
van Romburgh) on inorganic chemistry. 

In the field of national and international organisation and co-operation in science, Ernst 
Cohen took an active and distinguished part. He was a member of the original executive 
Committee of the Dutch Chemical Society (founded in 1903), and became its first President. 
He took a very active share in the work of this Society, becoming President again ten years 
afterwards and finally Honorary President. Elected a member of the Royal Netherlands 
Academy of Sciences in 1913, he did much to promote the scientific work, organisation, and 
prestige of this famous Academy. He became a member, and subsequently Chairman, of the 
Dutch Committee on Coinage. In the international field he took an active part as a member 
of the Council of the International Union of Pure and Applied Chemistry, becoming President 
of the Union in succession to Sir William Pope. For many years he w^as a valuable member of 
the International Committee responsible for the annual tables of physical and chemical con- 
stants. It is no exaggeration to say that as time went on he became one of the great cosmo- 
politan representatives of chemical science. Invitations to give lectures came to him from 
many countries. These lectures were very successful, for he was not only a good lecturer but 
a good linguist, speaking fluent English, French, and German. In this country he delivered 
the Kamerlingh Onnes and Messel lectures, and also a number of other lectures during his 
frequent visits to London, Oxford, and Cambridge. Perhaps the most famous — c'ertainly the 
most extensive — visit was one to Cornell University in the second semester of 1925 — 20, when 
he gave a course of twenty-one lectures, as Non-Resident Lecturer in Chemistry on the Baker 
Foundation. Besides such invitations for special lectures, he took part on various occasions in 
the meetings of the Faraday Society, the German Bunsen Society, the German Naturforscherver- 
sammlung, and many similar societies. So high indeed was his position in the esteem of chemists 
throughout the world that it would scarcely be possible on the present occasion to enumerate the 
many invitations he received to visit various countries for special ceremonies. Perhaps it may 
be permissible to make one exception, namely his visit to Liverpool in 1906 on the occasion of 
the opening ceremonies of the Muspratt Laboratory of Physical and Electro-Chemistry. 

Honours came to him from many countries. It is pleasant to remember that in this country 
he was elected a Foreign Member of the Royal Society, an Honorary Fellow of the Chemical 
Society, and an Honorary Member of the Royal Institution. 

One of the greatest things Cohen did in the cause of international friendship and co-operation 
was the famous meeting at Utrecht in the summer of 1922. When staying with Donnan in 
1920, the suggestion was made by the latter that it would be a fine thing if an international 
meeting of chemists could be held in some “ neutral " country, preferably Holland. This idea 
was eagerly taken up by Cohen, who, ably assisted by his colleague, Professor van Romburgh, 
formed a small international Committee to discuss the matter. This Committee, consisting of 
E. Biilmann (Copenhagen), G. Bruni (Milan), Victor Henri (Zurich), R. Schenck (Munster), 
Paul Walden (Rostock), and R. Wegseheider (Vienna), together with Cohen, van Romburgh, 
Kruyt, and Donnan, met at Cohen's house in 1921. Invitations to 100 chemists in many 
countries were issued in March 1922, and the great Reunion was held at Utrecht during June 
21st — 23rd, 1922. Unfortunately, no Belgians or French were present, but from Germany 
came Bodenstein, Bredig, Hahn, Pfeiffer, Schlenk, Schenck, Stock, Walden, and Wieland. 
Cohen opened the meeting with words of warm welcome (in five languages), many scientific 
lectures were held, and magnificent hospitality was provided by our generous Dutch hosts. The 
Utrecht Reunion was a great success, and a very splendid and noble deed in the cause of inter- 
national friendship on the part of Dutch men of science. 

Ernst Cohen was a man of firm and sincere character, who had many friends in the world of 
science. The writer of this Memoir met him first in 1904 and was privileged to enjoy his friend- 
ship for thirty-five years. His equable and kindly, though serious, temperament, his dry wit 
and good-natured humour, his constant regard for the wishes and wants of others — all these 
qualities endeared him to his friends. He was very methodical and systematic in his ways of 
life, which was one of the secrets of his huge accomplishment of work. He was thrice married. 



1706 Donnan : The Ernst Jidius Cohen Memorial Lecture. 

and is survived by his third wife, nde Miss W. A. T. de Meester (now Mrs. van Ginneken-de 
Meester), His friend and colleague, Professor H. R. Kruyt, has written an appreciation of 
Cohen’s personal qualities as a University teacher and director of research. He possessed in 
high measure the power of inspiring and guiding his research students and collaborators. Great 
freedom of thought and initiative were encouraged by the director, but if necessary one had to 
defend one’s point of view by reasoned argument. The result was a happy and co-operative 
band of successful workers. So great was the number of his research collaborators and assistants 
that only three can be mentioned here, namely, Miss W. A. T. de Meester (who later became his 
wife), H. R. Kruyt, and A. L. Th. Moesveld. As is w'ell known, H. R. Kruyt later became a 
University Professor and colleague of Cohen at Utrecht, and created in the van’t Hoff laboratory 
a famous school of teaching and research in colloid chemistry. 

The tragic end of Cohen’s life has been described by Kruyt in the Chemisck Weekhlad (1945, 
41, 1 26 — 128) . In 1941 his property was seized and in April 1942 his house was taken for German 
officers, but fortunately friendly neighbours took Cohen and his wife into their house. In 
May 1942 he was obliged to wear the “ yellow star " and became subject to the restrictions 
imposed on Jews. Matters came to a head in 1943, when on a visit to the laboratory he was 
arrested and taken to a prison in Amsterdam, the charge being that he had entered a public ” 
building. The many efforts of his friends to secure his release were unavailing, and Cohen was 
sent to the concentration camp at Vught in Holland. At a discussion of this state of affairs by 
the Council of the Dutch Chemical Society, it w-as proposed by Dr. Kappelmeier that an approach 
be made to the S.S. authorities at the Hague. This was successful, Cohen was released, and 
soon afterwards was freed from practically all the restrictions imposed on Jews. But the 
enemies of the Jews had not yet finished with him. On February 28th, 1944, a friend, having 
found out that an order for his arrest had come from Amsterdam to the Utrecht police, tele- 
phoned Cohen, who then, on good advice, moved to another friend’s house (thus evading imme- 
diate arrest), and when night fell came to see Kruyt. Kruyt advised him strongly to “ dive ”, 
and so give his many friends time to approach the German headquarters at the Hague. But 
this he refused to do, maintaining that he had done nothing wrong and that the whole afifair 
must be due to some misunderstanding. Moreover, he refused Kruyt’s advice to approach the 
S.S. headquarters at the Hague himself. Instead, he informed the Utrecht police of his where- 
abouts, was arrested and taken to Amsterdam, and on March 1st to Westerbork. Here further 
efforts were made by his friends to induce him to approach the Hague, but all in vain. The end 
was now not far off. All the evidence goes to show that on March 3rd he was transported (with 
many others) to the notorious ” death ” camp at Auschwitz and there murdered in a gas chamber. 
It is only fair to say that the good treatment Cohen received at the Hague was due to a certain 
Fraulein Slotke and her chief, Z5pf, who stood next in rank to Rauter. But towards the end 
of February 1944 Zdpf was not in Holland ! So the enemies of Cohen seized their chance. As 
regards Cohen himself, Kruyt’s opinion was that the shock of the earlier events had shaken his 
morale and enfeebled liis judgment. It seems very probable that if he had taken Kruyt’s good 
advice, his many friends would have safely hidden him until Zopf returned to the Hague, and 
so saved his life. 

So was murdered by some Nazi criminals the man who had worked in the friendliest co- 
operation with German men of science for fifty years, the man who had published a large pro- 
portion of his scientific work in the German language, the man who had organised the ” Peace 
of Utrecht ”. 

In conclusion, I express my sincere thanks to Professor H. R. Kruyt who kindly supplied 
me with a number of reports on the life and work of Ernst Cohen. I am also much indebted to 
Dr. S. Coffey and Mr. Francis Bolam for help with translations from the Dutch originals. 
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OBITUARY NOTICES. 

HARRY THORNTON CALVERT. 

1878—1947. 

Harry Thornton Calvert was bom on May 3rd, 1878, in Leeds, Yorkshire, where he received 
his early education before proceeding to the Yorkshire College, now the University of Leeds, 
to study in the Honours School of Chemistry. Though only twenty years of age at the time 
of graduation in 1898, he had shown such promise as a student that he was at once awarded 
an 1861 Exhibition, and spent the next three years at the University of Leipzig, where he 
took the Ph.D. degree. His research at Leipzig was concerned with the dielectric properties 
of hydrogen peroxide. 

After returning from Leipzig, Calvert was for a short time a demonstrator in chemistry 
under Professor Arthur Smithells at the University of Leeds. He then moved to Hull to serve 
as Chemist to Messrs. Reckitt & Sons, where he obtained valuable experience in chemistry 
applied to industry and an insight into industrial problems from many angles. 

In 1903 he was appointed Chemist to the West Riding of Yorkshire Rivers Board, a joint 
committee of the Local Authorities of the area, which had been formed to administer the Rivers 
Pollution Prevention Acts. This change marked the beginning of his interest in the problems 
of water supply, sanitation, and prevention of river pollution. Calvert and Maclean Wilson, 
who was then Chief Inspector of the Rivers Board, proved to be ideal partners in guiding this 
important work. They were not inspectors in the narrow sense relying on legal authority : they 
studied in detail the problems with which the managers of local sewage works and industrial 
concerns were confronted in the disposal of waste liquids, and assisted in finding practicable 
methods of overcoming the difficulties, while at the same time having in mind the need to 
decrease the pollution of the local rivers, some of which were in a deplorable condition. It 
was after some years together on this work that Wilson and Calvert collaborated in writing 
the book Trade Waste Waters — ^Their Nature and Disposal which has long been accepted 
as the authoritative work on the subject. Calvert's outstanding investigations in this field 
were recognized in 1916 by the award of the degree of D.Sc. of the University of Leeds. 

During the First World War, he was released on loan to the Department of Explosives 
Supply of the Ministry of Munitions. In his work in this Department, the wide knowledge 
he had acquired of a variety of chemical and other industries was of great value, and his success 
led to the award of the M.B.E. 

In 1920 Calvert took up a new appointment as Chemical Inspector of the Ministry of Health, 
a post which gave him great scope for using his wide scientific and technical knowledge and his 
sound judgment. When the Water Pollution Research organization was established in 1927 
under the Department of Scientific and Industrial Research he was the obvious choice as 
Director of Research, and he carried this responsibility while continuing his work for the 
Ministry of Health. With characteristic thoroughness, he steadily built up the work of the 
Water Pollution Research organization on a sure foundation. Every investigation, whether 
in the field of fundamental research in University Departments or in the nature of development 
work with large-scale installations in industrial establishments, was carefully planned before 
it was undertaken. Calvert was not interested in grandiose and costly schemes sketchily 
planned; and in consequence few research organizations can claim so much achievement in 
relation to the expenditure incurred as the Water Pollution Research organization. In all 
this work he had the full support of every member of the Research Board, for he had the power 
of inspiring interest and enthusiasm in all concerned, and in unobtrusively getting Boards, 
Committees, and staff working together amicably and efficiently. 

On the outbreak of the Second World War in 1939 he was seconded to the Ministry of Supply 
as Deputy Controller of Sulphuric Acid, which post he retained until his retirement early in 
1947 for reasons of health. 

He will be remembered in his profession as an authority in the field of water supply and 
sanitation, not only in Great Britain, but throughout the world. Kind of heart and always 
ready to help, he made many close friends here, on the Continent, and in America. 

In addition to his many scientific and technical papers and addresses in Great Britain, 
including chapters in the Applied Chemistry Reports and a Chadwick Public Lecture in 1926, 
Calvert was invited to give the Sedg^wick Lecture in 1940 at the Massachusetts Institute of 
Technology, but owing to the war was unable to deliver the lecture, In 1944, he received the 
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Kenneth Allen award of the American Federation of Sewage Works Associations. He took 
a great interest in the Institute of Sewage Purification, of which he was President in 1927, 
1928, and 1939. He was also a prominent Fellow of the Royal Sanitary Institute and of the 
Institution of Sanitary Engineers, a Professional Associate of the Institution of Water Engineers, 
and a member of the Society of Chemical Industry. He obtained the Associateship of the 
Institute of Chemistry in 1899 and the Fellowship in 1904, and had been a Fellow of the Chemical 
Society since April 22nd, 1903. 

A. Parker. 


RICHARD CAYLEY GIFFARD MOGGRIDGE. 

1915—1946. 

Richard Moggridge was born on February 24th, 1916, and educated at Winchester and Balliol 
College, Oxford. After a short period of research in Oxford he worked until the outbreak of war 
with Professor Harington at University College Hospital Medical School. During the war he 
worked first at a Ministry of Supply Research Establishment, and later in other fields of scientific 
war research. At the end of the war he was appointed to the staff of Messrs. Courtaulds' 
Research Institute at Maidenhead, but his work there was cut short by his sudden death on 
March 26th, 1946, at the age of 31. 

This bare statement conceals a career of considerable achievement and great promise. 
Richard Moggridge came to Balliol in 1933, holding both the Frazer Scholarship from Winchester 
and an open Domus Scholarship. He did not take much part in the social life of the College, 
but his work in chemistry showed from the very beginning a high standard of all-round achieve- 
ment, and his essays (written in a minute but beautifully legible hand) were models of accuracy 
and exposition. His first piece of research was carried out with Dr. A. G. Ogston before he took 
his degree examination, and dealt with the electrometric titration of vitamin Bj (Biochem. 
1936, 29, 866). However, his chief interest was in pure organic chemistry, and his fourth year 
was spent with Dr, S. G. P. Plant in investigating some structural problems in the indole series 
(/., 1937, 1126). 

He was placed near the top of the first class in his final examination, and left Oxford in 1937 
to take up a research post in Professor C. R, Harington's laboratory in the University College 
Hospital Medical School. His interest in biochemical topics had been kindled by his first piece 
of research in Oxford, and his chief work in London was also concerned with vitamin Bj, as it 
dealt with the synthesis of an aminothiazolepropionic acid related to this vitamin. This rather 
difficult piece of synthetic work was successfully completed (/., 1939, 443), and a later paper on 
the action of yeast on the synthetic amino-acid (Biochem, /., 1940, 34, 686) is of considerable 
biochemical interest. As a side issue to this synthetic work Moggridge carried out some experi- 
ments in the glutamic acid series (/., 1940, 706), and he also collaborated with Dr. Neuberger 
in a physico-chemical study of the hydrolysis of methylglucosaminides, which provided con- 
tributory evidence as to their structures (/., 1938, 746). 

During this period Richard Moggridge showed an increasing grasp of his subject, both in 
practical skill and in versatility of outlook, and everything pointed to a distinguished scientific 
career in the future. He was very popular with his colleagues, and happy both in his work and 
in his marriage to Daphne Simpson, which took place in 1938. When the war came he did not 
feel justified in continuing with his academic research work, and, after a short period as a full- 
time air raid warden, in April 1940 he took up a position in the Chemical Defence Research 
Establishment of the Ministry of Supply at Sutton Oak. His work there involved materials 
which were mostly unpleasant and often dangerous, but he devoted himself to it with unsparing 
energy, without regard for comfort or even health. Matters were aggravated by war-time 
accommodation difficulties, and it seems likely that the strain of this period contributed to his 
sudden death some years later. His work at Sutton Oak gave rise to a series of post-war publica- 
tions on derivatives of 2 : 2'-dichlorodiethyl sulphide and related substances (/., 1946, 813, 816, 
816, 1105; 1947, 530). 

In 1942 he was transferred to a different type of war job, which proved more congenial though 
no less strenuous. He was engaged on research and development work in connection with the 
supply of special equipment and arms to underground movements in enemy-occupied Europe. 
It was often necessary to improvise mines, weapons, explosive charges, special fuzes, and 
initiating mechanisms at very short notice, and Moggridge was given the responsibility of 
devising and carrying out such y user trials as were practicable under these conditions. Risks 
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had to be taken, but by great thoroughness and attention to detail he succeeded in carrying out 
an arduous task with conspicuous success. During 1943 — 46 a constant stream of supplies was 
provided for various countries, and in France in particular the partisan movement was able to 
assist materially in the first few critical dajrs after D-day. 

In August 1946 Richard Moggridge became Senior Organic Chemist in the newly founded 
research station of Messrs. Courtaulds, Ltd., at Maidenhead. Here his previous interest in pro- 
teins and amino-acids fitted in with fundamental problems of textile research, and he had 
planned a programme of work for himself and his collaborators. However, he had barely had 
time to get this work under way when he died, suddenly and unexpectedly, in March 1946 just 
before his son Robin’s third birthday. 

Richard Moggridge was liked and respected by all his associates for his integrity of mind 
and character and his consideration for others. His scientific ability was matched by an 
interest in many things outside science which grew as he got older. His chief loves were music 
and climbing, in both of which he was joined by his wife. His knowledge of music was wide, 
but it was particularly choral music in which he took an active part, first at Winchester and in 
the Oxford Bach Choir, and later in London and Richmond. His climbing (in the Alps and the 
British hills) was also much more than a technical accomplishment, being based on a real love 
of mountain scenery and country people. 

The last year of his life contained a new element, which he would certainly wish to be 
mentioned here. In June 1946 he and his wife joined a group of choral singers at St. Martin- 
in-the-Fields, and from that time the Christian faith became an increasingly important part of 
his life. It seems likely that, had he lived, he would have become even more intimately asso- 
ciated with the Church. On April 9th, 1946, his friends at St. Martin’s held a choral service 
there in memory of him, and the beauty and sincerity of that occasion showed how deep an 
impression he had made among his fellow Christians. One phrase from that service forms a 
fitting conclusion to this notice : to know Richard was to realise “ how possible it is to have at 
one’s side goodness unaware of its good, greatness that honestly believes it is small 

My thanks are due to Dr. C. R. Harington and Professor D. M. Newitt for help in preparing 
this notice. 


R. P. Bell. 
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3- nitro-, preparation of, 1505. 
reduction of, 1508. 

halides, reaction of, with trialkyl phosphites, 1465. 
Alkylamines, 2-chloro-, chemistry of, 513, 519, 527. 

2-nitro-, preparation of, 1486. 

AlkylaminocinnoUnes, 4-amino-, antimalarial action and 
synthesis of, 917, 

Ali^laminoquinazolines, 2-chloro-4-amino-, 779. 
Alkylenedioxydiamines, 963. 

Alkylenedioxydiguanidines, 963. 

AlkyU’.miormanilide8, reactions of, 976. 

Alkylpbenols, liquid and solid, spectra of, infra-red, 644. 
Alkylpyrimidines, effect of substitution in derivatives of, 
41. 

Allyl arsines, phosphines, and stannanes, preparation and 
properties of, 1446. 

AllylpentabromostAnnie acidt 1450. 
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Alaminiam oxide, alkylation by means of alcohols and, 973. 

thiosulphates, complex, 335. 

Alnmininm organio compounds 
Aluminium alkoxides, alkylation by means of, 973. 

Amides, spectra of, absorption infra-red, 1248. 

Amidines, 382, 390, 394, 497, 1110. 

chemotherapeutic, 82, 84, 87, 690, 738, 
a-Amidinoacetamide hydrochloride, 617. 

2- Amidiaoacridine, 5-amino-, 638. 

3- Amidinoacridine, 5-amino-, 640. 

Amidino-alkylarsines, preparation of, 618. 

3- and 7-Amidino-9-p-amidinopbenylphenanthrenes, and their 
derivatives, 86. 

Amidino-furans, 396. 

3*Amidinofurfuryl alcohol, hydrochloride, 398. 

2- Amidino-7-methoxyacri^e, 5-amino-, and its hydro- 
chloride, 639. 

3- Amidino-7-methoxyaoridine, 5-amino-, 640. 
3-Amidiuo-9-methylphenanthridine, and its dihydrochlorido, 86. 
^n^Amidinophenyl methyl sulphone, thiocyanate, 392. 
;>-Amidinophenyl methyl sulphone, 393, 394. 
2 - 7 >-Amidinostyrylpyridine dihydrochloride, 89. 
a-Amidino-a-vanjUlylideneacetamide hydrochloride, 617. 

2-Amidoximinoacridine, 5-ammo-, 639. 
2-Amidoximino-7-methoxyacridine, 5-amino-, 639. 

2- Amidoximino-5-phenoxy-7-methoxyacridine, 639. 

Amines, aliphatic long-chain, preparation and properties of, 
197. 

aromatic, alkylation of, 973. 

condensation products of ethyl r</r/opentanonc-2-carb- 
oxylate with, 1420. 

reactions of, with A^-benzone8ul2)honylben7.iV«)thiazoIoiie, 
1229. 

reaction of, with phenyl thiocyanates, 816. 

Amino-acids, conductivity and viscosity of, in aqueous solu- 
tion, 74. 

synthesis of, 1609. 

Amino-alcohols, bcnzilic esters, pre})aration of, diphenyl- 
chloroacotyl chloride as reagent for, 164. 

Aminochalkones, bacteriostatic action and preparation of, 
1419. 

a-Amino-nitriles, reaction of, with carbon disulphide, 1598. 
Ammonia, reaction of, with acetone, 1394. 

Ammonium nitrate III, crystal structure of, 1455. 

H-Amyl cyanide, r)-amino-, and its derivatives, 1370. 

2-nitroethyl ether, 1476. 

» '»oAmyl dihydroinyrcene sul])hide, 40. 

M'oAmyldi-n-hexylamine oxalate, 200. 

7'S'oAmyl-n-bexylamine, and its salts, 200. 
m-n-Amyloxyanisole, 104. 

3- Amyloxyphenoxyaoetic acid, 104. 
a-Amylphosphonic acid, diethyl ester, 1466. 

Analysis, chromatographic, theories of, 1302, 1308, 1315, 1321. 

semimicro-, qualitative, 1347. 

Anhydroaoetyljavanicin, hydroxy-, acetyl derivative, 1028. 
Anhydrojavanicin, and its derivatives, 1027. 

Anhydrojavanicin, bromo-, 1028. 
2:3-Anhydro-a-methyM-ribopyranoside, 972. 

Anhydrotetronic acid, structure of, and its derivatives, 1365. 
Aniline, m-substituted derivatives, Skraup reaction with, 437. 
Aniline, 2:4:6-/ribromo-, and 2;4:6-<rtchloro-, diazotised, 
reaction of, with Sandmoyer reagent, 173. 
2:6-dtchloro-4-nitro-, deamination of, 734. 

3t5-dtcyano-, 83. 

jS-Anilino-a-aoetamidoacrylic acid, ethyl ester, 101. 
/3-Anilmo«a-amidino-^-3-methoxy*4-hydroxyphenylpropion- 
amide hydrochloride, 618. 

2-Amino-4-aminoalkylaminoquinazoiine8, 2-p-chloro-, 781. 
l-Anilino-5-anilodimethyl-l:3-pentadienes, hydrohalides, 961. 

1- Anilino-5-ani]omethyl-l:3-pentadiene hydrobromides, 961. 

4- Anilino-6-p-ani8idino-l:3:6-triazine, 2-amino- and 2-chloro- 
4-p-chloro-, 159. 

2- Anilino-7:S-benzoquinoline, 4-chIoro-2-p-chloro-, 906. 
4-AniUno-6-ay-bisdiethylaminot‘^opropylamino-l:3:5-triazine,2- 

amino- and 2-chloro-4-p-chloro-, 159. 
2-Anilino-4;6-di-p-anisidino-l:3:5-tdazine, 2-p-chloro-, 160. 

4-Anilino-6-/l-diethylaminoethylainino-2:5-dimethylpyrimidine, 
4-p-bromo-, and its dihydrochloride, 1359. 

4-p-chloro-, and its dihydrochloride, 1358. 

4-p-mtro-, and its dihydrochloride, 1359. 


2-Anilino-4-)3-diethylaxntnoethylamino-6-hydroxy-l:8:5-tri- 
anne, 2-p-cliloro-, 159. 

4-Anilino-6-j8-diethylaminoeihylamino-2-methy!-5-ethyl- 
pyrimidine, 4-p-chloro-, and its dihydrochloride, 1360. 
4-Anilino-6-j3-diethylaminoethylamino-5-phenyl-2-methyl- 
pyrimidine, 4-p-chlQrO', 1361. 

4-Anilino-6-jS-diethylaminoethylaminopyrimidine, 2-amino-4- 
p-chloro-, 1362. 

4-Anilino-2-j3-diethylaminoethylaminoquinoline, 4-p-chloro-, 
dihydriodide, 905. 

2-Anilino-6-i3-diethylaminoethylamino-4-methyl-l:3:5-triazine, 

2-p-chloro-. 158. 

4-Anilino-6-jS-diethylaminoethylamino-l:3:5-triasine, 2-amino-, 
2-amino-4-p-chloro-, 2-chloro-, 2:4-(i!t-p-chloro-, and 2-chloro- 
4-p-chloro-, and their hydrochlorides, 159. 
4-Anilino-6-3-diethylamino-a-methylbutylamino-2;5-dimetbyl- 
pyrimidine, 4-7>-chloro-, 1359. 
4-Anilino-6-8-diethylamino-a-methylbutylamiuo-2-methyl- 
pyrimidine, 4-p-<',hloro-, and its dipicrate, 1357. 
2-Anilino-6-diethylamino^-methyl-l:3:5-triazine, 2-p-chloro-, 
158. 

2-Anilino-4-y-diethylaminopropylamino-7:8-benzoquinoline, 2 - 
p-chloro-, and its dihydrochloride, 906. 
4-Anilino-6-y-diethylaminopropylaniino-2:5-dimethylpyrimid- 
ine, 4-/>-chloro-, and its dihydrochloride, 1359. 
4-Anilino-6-y-diethylaminopropylamino-8-methyl-5-ethyl- 
pyrimidine, 4-p-cliloro-, and its dihydrochloride. 1361. 

2- Amlino-4-y-diethylaminopropylamino-3-methy Iquinoline, 2 • 
p-chloro-, and its perchlorate, 008. 
2-Amlino-6-y-diethylaminopropylamino-4-methyl-l:3:5- 
triazine, 2-p-chl(>ro-, 158. 

4-Anilino-6-y-diethylaminopropylamino-5-phenyl-2-methyl- 
pyrimidine, 4-p-ohloro-. 1361. 

2-Anilino-4-y-diethylamiDopropylaininoquinoline, 2'p-(4)luro-, 
and its dihydrocdiloridc, 905. 

7-chloro-2-/>-chloro- 908. 

4-Anilino-6-y-dimethylamiDopropylamino-2:5-dimethyl- 
pyrimidine, 4.p-chloro-, and its dihydrochloride, 1359. 
4-Anilino-6-y-dimethylaminopropylamino-2-methyl-5-ethyl- 
pyrimidine, 4-;)-chloro-, and its salts, 1360. 
6-Anilmo-2;5-dimethylpyrimidine, 4-chIoro-6-p-chloro-, 1 358, 
4-chIoro-6-7>-nitro-, 1359. 

2-Amlino-4-ethoxyquinazoline, 2-p-ohloro-, 780. 
0-Anilino-5-etbylpyrimidine, 4-chloro-2-amino-6-p-chloro-, and 
its hydrcfhloridc, 1362. 

4-chloro-2-amino-6-p-cyano-, 1 362. 

2-Anilino-3-ethylquinoline, 4-chloro-2-/)-('hl()ro-, 909. 
4-Anilino-6-hydroxy-2-methyl-5-ethylpyrimidine, 4-pchl()ro-, 
1360. 

8-ADilino-6-hydroxy-2-methylpurine, and its hydrochloride, 
946. 

2-Aiiilino-4-hydroxy-6-methyl-l;3:5-triazine, 2-/>-chloro-, 1 58. 
2-Anilino-4-bydroxyquinazoline, 2-p'ehloro-, and its hydro- 
chloride, 778. 

4-Anilino-2-hydroxyquinoline, and 4-p-chloro-, 904. 
2-Anilino?V»rnndolinone-3-acetic acid, 2'-brorao-4'-nitro-, and 
2-2':6'-t/tbr()m()-4'-nitro-, and their methyl (ssters, 473. 
2-2'-chloro-4'-amino-, and 2':6'-f/?chloro-4''-nitro-, and its 
methyl ester, 472. 

2-2'-chloro-4'-nitro-, and its methyl eHt»*r, 471. 

2-4'-nitro-, 470. 

2-2':4'-(yinitro-, and its derivatives, 832. 
2-Amlino-3-metbyleneis(>indolinone, 2-(2':4'-(/initr<))-, 837. 

6- Anilino-2-methyl-5-ethylpyrimidine, 4 - chloro - 6 -p * chloro-, 
1360. 

2'Anilmo-4-methyl-l:8-naphthyridine, 7-ainin<j-, and 7-amino- 
2-7>-chIoro-, and its hydrochloride, 1409. 
Anilinomethylpyrimidines, aminochloro-derivativos, 1357, 
1358. 

2-Anilino-3-methylquinoline, 4-chloro-2 /j-chloro-, 908. 
2-Anilino-4-methylthioqmnazoline, 2-7)-chloro-, 780. 
2-Anilino-4-methyl-l:3:5-triazine, 6 amino-2 p-chloro-, and its 
6-acetyl derivative, 158. 

2-(j3-Anilino-a- and -^-methylvinyllbenzthiazole cthiodides, 
958. 

4-Anilino-6-methoxycinnoline. 920. 

2-Anilino-4-phenoxf-0-m€thylpyrimidine, 2-p-ohloro-, 71K). 
2-Anilino-4-phesoxyquinazoline, 2-7J-r‘hl()ro-, 780. 
a-Anilinophenylacet-p-chloroanilide, 1 044. 

7- Anilino^pbenyl-2-methyl-l:8-napbthyridin e, 1410. 
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6-Aniiino<*l»-pb«nylp7rimkUiie, 4-chloro-2-amino-6-/}-chloro-, 
1362. 

2* AiiUino-4-i^opropylaiiiino-(l-ethoxy«l :3:5-triszine, 2 -p-chloro-, 
160. 

4*Aniliiio«6-i«opropylaiiiino-l:3:6-triazine, 2>anim(}- and 2- 
(5hloro*4j)-<5hlorO’, 159. 

6-Aiiilinopyriiiiidiiie, 4-ch}oro-2*ainino-6-p'chloro*» and its 
hydrochloride, 1361. 

2-Aiiiiiiio<iainasoline, 4-chloro*2-/>-chloro*, 780. 

2-AxiiliiiOQUinoline, 4-chloro*, and 4:2-f/j( hloro-, and 4-chloro- 
2*mtro-, %5. 

4-AnilinoiiiiinoUne, 2-chloro-. and 2:4-/)-dKihioro-, 904, 905. 

6*Anilino-l:8:5-triazme, 2:4-du*hloro-6-jr>-( hloro-, 1.58. 

Anilinovanillyloyanoacetic acid, ethyl cHtcr, 617. 

2*j3*AnilixioviDylbenz8eleiiazole ethio<lidc and ethocldoride, 
958. 

2-^-Attilinovinylbenzthiazol6, .l-chloro-, and 6-nitro-, and their 
derivativeH, 957. 

Anionotropic rearrangement, kinetics of, 1096. 

9/&*AniBidine, 4-cyano-, 440. 

4-;)*AniBidino-6-^*diethylaminoethylamino*2:5<dimethyl> 
pyrimidine, arui its di hydrochloride, 1359. 

4-/)*Ani8idioo>6>i3>diethylaminoethylamino-2>methyl-5*ethyl- 
pyrimidine, and its dihydrochloridc, 1361. 

4-/>-Ani8idino-6-j3-diethylaminoethylamino>l:3:5-triazine, 2- 
(hloro*, hydrochloride, 159. 

4>/>*Ani8idino>6-y-dimethyiaminopropylamino-2-methyl>5- 
ethylpyrimidine, 1 361 . 

6-p-Ani8idino-2:6-dimethylpyrimidine, 4-chloru-, 1359. 

2-<>-Anisidino-5-ethylcvc2ohez-l*enecarboxylic acid, ethyl ester, 
1038. 

4>;>>Ani8idino-6-hydroxy-2-methyl-5>ethylpyrimidine, 1361 . 

2»jr)>Ani8idino-4>hydroxyqainazoline, 786. 

6>;>-Ani8idino-2-methyl-5-ethylpyrimidine, 4-chloro-, 1361. 

8-/>-Ani8idinon/f/opent-l-enecarboxylic acid, ethyl ester, 1037. 

6>p-Ani8idinopyrimidine, 4-chk)ro-2-amino-, and its hydro- 
chloride, 1362. 

6^>-Ani8idino-l:3:5-triazine, 2:4-rfichloro-, 158. 

Anisole, 3-nitro-4-cyano-, 440. 

2-/>«Ani8ylm>ar8indoline, and its derivatives, 666. 

1- i/>-Anisyl)buta-l:3-diene, and its adducts, 1096. 

iV -/i-AniByl-A'-diethylaminoethylbenzamidine, 1 63. 

>V '-/>• Anieyl-A' -diethylaminoethyl-2:4-<// chlorobenzamidine, 

163. 

2- />«Ani8yldihydroglyoxaline, and its salts, 500. 

2«Ani8yl-2:3«dibydroreteneoxazole, 2-hydroxy-, 6.53. 

4-;i-Ani8yl-8-methylcinnollne A'-oxide, 1651. 

3- ;>«Ani8yl-2-methylindole, and its })UTate, 1652. 

/^•Anisylpropenylcarbinol, 1 096. 

l-;i-Ani8yl*l:4:9:10-tetrahydronaphtbaaninone, 1096. 

Annual General Meeting, 702. 867. 

10-Anthraldehyde, 9-h\ (Iroxy-, unil, 978, 

Anthranilic acid, 5-chloro-, methyl ester, preparatitm oi\ 
814. 

Antibiotics, production of, hy fungi, 1021. 

Antimalarials, new, 678, 16,59. 
synthesis of, related to niquidine. 222. 
synthetic, 41, 1.54, 160, 775, 783, 890, 899, 910, 914, 917, 
13.54, 1613. 
chemistry of, 1331. 
t etrahy drwK'ridones, 1 034 . 

Apple pectic acid, rnolec\dar structure of, 1218. 

Arabinoae, determination of, 1048. 

i>- and L-Arabinoses, derivatives of, 1341. 

l-</-Arabino8idoglyoxaline-4:5-dicarboxyamide, 380. 

l-/-Arabmo8idoglyoxaline-4;5-dicarboxyBmide, and its l-tri- 
aeetyl derivative, 380. 

Arackis hypogm, araban from, atnicture of, 1221. 

Aromatic compounds, kinetics of substitution in, by halogens, 
1167. 

reaction of benzoic anhydride' with, catalysed by boron tri- 
iluoride, 1237. 

MoArsindoline, 2-chlnro., and 2-i(Mlo-, 667. 

5-chloro-2-iodo-, 668. 

Arsines, eyann-ethylation of, 618. 

Aryl wocyanates, reaction of. with methyl alcohol, 713. 

1-Arylalkyl cyanides, 3-nitro-, pre^mration of, 1504. 

4- AryiaminoAl-aminoalkyUminopyrimidin6s, 1354. 

8-Arylamino-4-aminoalkylaminoaiiinasoUBes, 77.5. 

ArylaminoaminoalkylaminoqninoUnes, 899. 


2-Arylamino-4-aiiiinoalkylaminoaiiinoluies, 907. 
2-Arylamino-4-/3-diethylaminoethylamittoquinaiolme8, 782. 
2-Arylamino*ketones, molecular rearrangement and displace- 
ment of arylamine residues in, 1041 . 

B-AryltsoarsindoUnes, preparation and properties of, 662. 

4-Aryloinnoline8, JV-oxides, 1649. 

Aryldiazoninm sulphates, solid, preiiaration of, 325. 
Arylmethyl cyanides, reaction of, with a-nitro-olefins, 1.504. 
Aryloxydialkylaminoalkylaminopyrimidines, 783. 

Aryl pyridyl sulphones, synthesis of, 52. 
Arylthiodialkylaminoalkylaminopy rimidines, 7 83 . 
9-Arylxanthen8, reactions of, in sunlight, 997. 

Aspcrgilhis clamtnst clavatol from, 611. 

Atomic weights, reports on, 980, 983. 
table of, 988. 

Azamethin [2-{4-methylthiazole)][2-(3-phenyl-4-methyl-2:3-di- 
hydrothiazole)], 1658. 

Azamethin[2-(4-phenylthiazole)][2-(8:4-diphenyl-2:3-dibydro- 
thiazole)], and its dihydrobromide, 1658. 
&&c,vc/o(3:3il)-2-Azanonane, derivatives of, 399. 
l-Azanthraquinone, (chemistry of, 539, 545. 
1-Azanthraquinone, 6-bromonitro-, chloronitro-, and hydroxy- 
derivatives, 544. 
chloro-derivatives, .542. 

1-Azanthraquinonesulphonic acids, barium salts, and their {)- 
chlorobcnzyl -^-thiouroiiates, 542. 

Azeotropic systems. See under Systems. 

Azole series. 1594, 1598. 

Irl'-Azonaphthalene, reduction of, 77. 

l:l'-Azonaphthalene, 4:4'-d/chloro-, and 4:4'-d{nitro-, rediu.*- 
tion of, 77, 78. 

2:2'> Azonaphthalene, Irl'-d/bromo-, 1392. 
Azoxy*3*methyl-2-8tilbazoles, 1 699. 


B. 

BAL. Sec Pro})anol, 2:3-d {'inercapto-. 

Balance sheets, 868. 

Base, I'lolfgOaN,, from nitration of o-acctamidoacetophenone, 
238. 

Bases, heterocyclic', ])reparati()n of, 1508. 
B6nzaldehyde-2":4''dinitrophenylhydrazone-m-sulphonic-2*iS* 
acrylic acid, sodium salt, 832. 

Benzamidine. p-bromo-, thiew^yanate, 393. 
p-hydroxy-, and its salts, 392, 393. 
n- and p-nitro-, 1114. 

Benzamidoxime hydrobromide, 969. 
l;2>Benzanthraquinone, 2'-hydroxy-, preparation of, 941. 
Benzene, reaction of, with methyl ether, 928. 

Benzene, chloro-derivatives, influence of para-grouj)s on 
lability of chlorine in, 1109. 
p-dmitro-, crystal structure of, 884. 

4- Benzeneazo-l^benzylthiazole, 5-amiiio-4-p-nitro-, and its 5- 
acetyl derivative, 1597. 

5- Benzeneazo-4:6-dimethylpyrimidine, 2-amino-, 51. 
5-BenzeneBZO-4:0-</ibydroxy-2-methylpyrimidine, o-p-chloro-, 

947. 

5*Beneeneazo-2-methylpyrimidine, 4:6-dichloro-5-p-chloro-, 
1247. 

l-Benzeneazo-2-naphtbol, 6-mtro-l -p-nitro-, 1061. 

7-nitro-l. p-nitro-, and its acetate, 1062. 

1- Benzeneazo-8-naphthylamine, 6- and 7-nitro-l -p-chloro-, 
and 6- and 7-nitro-l -p-nitro-, 1061. 

5-Benzeneazopyrimidine, 2:4:6-<rihydroxy-5-p-chloro-, 1248. 
Benzenediazoninm sulphate, 2:4:6-/ribromo-, and 2:4:6-fr/- 
chloro-, decomposition of, 174. 

Benzenediazo-oxides, nitro-, thermal decomposition of, 1560. 
Beniene-4-diazo-l-oxide, 2-nitro-, kinetics of thermal decom- 
position of, 1560. 

Beniene-2-napbtbol-l-diaso8ulpbonic acid, 2':4'-dautro-, 
sodium salt, derivatives of, 829. 

2- Benienefiilpbenamido-4:5-dimetbylihiaEOle, 2-p-nitro-, 114. 
2-Bensene8alphenamido-4-methylthiazole, 2'p-chloro-, and 

2-p-mtro-, 115, 116. 

2-Bena0nesnlpbenamldo-5-methylthia»>le, 2-p-nitro-, 114. 
2-Beiksenesalphenamidotbiaioles, rearrangement of, 110, H4. 
2-Benienesnlphenainidotbisiole, 2-p-chloro-, 113. 
Benaenesnlpbonamidogiiaiiidine, m-amino-, 822. 
B-Bemenesnlpbonaiiudoimlnaioliiie, 2-p-amino-, 822. 



1723 


Index 

a-Benfenofulplioiiftmido-O-iiiethylpTridaiiae, S-p-nitro-, 243. 
S-Benieiiefiilphoiiaiiiidotetrahy^opyrimidiiiet 2-p-amino-, 822. 
2*BeiiMBesalphoiiamidoi]iiaioline, 2<p*amino-, 822. 
Benaenesaiphonanilide, 4:4'>({tammo>, 4:4^diaoetvl derivative, 
66 . 

A-Bansenesulphoiiimidopyridine, A’p-amino-, and its jV ;>- 

acetyl derivative, 65. 

Bensenesolphonyl azide, p-amlno-, p-acetyl derivative, 65. 
reaction of, with pyridine, 60. 

1- Benaeneanlphonylacetone, 3-bromo-l-p nitro-, 117. 
Benzenesolphonylbenatsothiazolone, reaction of, with aiib- 

stances containing reactive methylene, 1574. 
.V-Benzenesolphonylbenai^othiaaolone, reactions of, Avith 
aromatic amines, 1229. 

2'-iV-Benaenesiilphoayloarbamyldiphenyl sulphide, 4-amino-, 
and its derivatives, 1232. 

2'-iV-Benzene8iilphonylcarbamyl-3-methyldiphenyl sulphide, 

4- ammo-, and its derivatives, 1232. 

3- (2^-Benzene8alphonyloarbamylphenyl-l^-thio)pentane-2:4- 
dione, 1576. 

A'-Benzenesulphonyl-a-ethyl-o-w-butyl-a-^fCc.-octylacetamidine, 
iV^-p-amino-, and its acetyl derivative, 742. 
/^•Benzenesulpbonyl-a-methylguanidine, j8-p-amino-, jS-y^-acetyl 
derivative, 821. 

2- Benz!aryl jS-cyanoethyl ketone, 1194. 

2-Benziuryl jS-dimethylaminoethyl ketone, hydrochloride, 1193. 
2-Benzfnrylpropionic acid, 1194. 

Benzbydroiamio acid, fl-butyl ester. 968. 

Benzbydrozimic acid, OO'-di butyl ester, 068. 

Benzii, 4:4'-</mmino-, and 2:2'-dihydroxy-, 251. 

Beozilic acid, dialkylaminoallcyl esters, and their derivatives, 
166. 

Benzilic acid, 4-chloro-, 953. 

Benzilic acids, alkylamino-esters, 60. 
substituted, 952. 

4- Benzilyloxy-l:2:2:6:6-pentametbylpiperidine, 60. 
/i-4-Benzilylozy-l:2:2:6-tetrametbylpiperidine, 60. 

Benzoic acid, 2-(jhloro-r)-(!yan()-, 640. 

p-hydroxy-, benzoyl derivative, and its anliydri<le, 12.3. 

5- nitro-3-cyano-, amide and methyl ester, 8.3. 

Benzoic anhydride, reaction of, with aromatic (‘orapounds, 
catalysed by boron trilluoride, 1237. 

Benzoin, 4;4'’-dmraino-, 4:4'-diacctyl derivative, 251. 
Benzo-r-(2":4"-c/mitrophenyl)-l'-methylhydrazide-2-^-acrylo- 
nitrile, 833. 

Benzophenone, 3:3^-f/Khloro-, 953. 

Benzophenones, substituted, 952. 

Benzopyrylium salts, synthesis of, 346. 

7:8-Benzoq:uinoline, 2:4-dK'hloro-, 906. 
l>Benzoyl-6-acetyl-2:3-dimetbylindole, 1 633. 
A'-Benzoylbenzenesnlphonmetbylamide, 387. 
iV-Benzoylbenzenesulphon-2-pyridylamide, 387. 
9-Benzoylcarbazole, 3:6-dichlorO', 939. 

/^-Benzoylpropionamide, ^-4-hydroxy-, 1195. 
/^-Benzoylpropionchloroimide, 1 194. 

/3-Benzoylpropionic acid, /S-p-bromo-, 1193. 
/^-Benzoylpropionitrile, ^-p-bromo-, ^-p.(;hloro-, and jS-.3- and 
-4-hy(lroxy-, 1193. 

A -j8-Benzoylpropionylacetamide, 1 195. 

A -Benzoyl-d-propylpiperidine, 223 . 

A'-Benzoyl*4-propylpiperidine-2-carbozylic acid, ethyl ester, 
223. 

2-Benzoyltbionapbtben, 3-hydroxy-2-m-nitro-, 1577. 

A' -Benzoyltoluene-p*8ulpbonetbylamide, 387. 

Benz-l:8-tbiazine8, derivatives of, from reduction of benz?xo- 
thiazolones, 763. 

Benztbiazole, derivatives, reactions of, 1619. 
Benzi^otbiazolones, reduction of, to bcnz-l:3-thiazines, 763. 

10:ll-Benstbionapbtbindole, 657. 

ll:12-Benztbionapbtbindole, and its dipicrate, and 2 -nitro-, 657. 
Il:12-Beiiztbionapbthindole, 6-nitro8o-, 658. 

Benzyl methyl ether, o-bromo-, 1639. 
A'-Benxyl*p-amidinophenyl methyl snlphone, reineckate, .392. 
Beniylaminei, preparation of, from benzyl halides and hexa- 
methylenetetraimne, 1116. 

A’-Bemylaniiamidine, and its chloride, 1115. 
l«Beniyl-2;7«diaia(^c^heptene, picrate, 501. 
BensyWebloroiilaBe, 1693. 

Beniyldloii-hezylainine oxalate, 200. 
2-BeBiyldUiydro-l:8-benstbiaiUk»-4-one, 764. 
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2-BenzyldibydroglyoxaUne, 24'-amino-, and its salts, 5(K). 
Benzyldimetbyl-(2-methylthioetbyl)ammonium iodide, 771. 
a-Benzyl-a-ethyl-a-n-batylacetamidine, 74 1 . 
Benzyletbyl-/<-batylacetonitrile, 741 . 

1- Benzylrvc/obezane, 2-nitro-J -p-bromo-a-cyano-, 1505. 
Benzyl-n«hezylamine, and its hydrobromidc, 200. 
5-Benzylideneamino-2-mercapto-4-j8-methylthioethylthiazole, 

1612. 

4:6-Benzylidene 2:3-anbydro a-methylalloside, action of acid 
reagents on, 10. 

4:6-Benzylidene 2:3-anhydro a-methylmannoside, ring sc ission 
of, with ammonia, 18. 

S-Benzylidenebarbiturio acid, 5-2 : 4-</initro-, 734. 
4:6-Benzylidene a-methylgincoside barium sulphate, 1677. 
4:6-Benzylidene a-methylglucoside, 3-bromo-, 17. 

3-chloro-, 15. 

4:6-BenzylideDe 2-methyl a-methylglucoside, 3-bronio-, 17. 

3- chloro-, 16. 

Benzylidene-2-naphthylamine, 6:4/- and 7:4'-f//uitr(»-, 330. 
Benzylidenephtbalide, ivactioii of, with phcnanthraipiiuonc. 
998. 

9-BenzylidenethioxantheQ, r(>a(‘tion of, with plK^naiithrs- 
f|uinone. 998. 

3':5'-Benzylidene uridine, and its diplienvl phosphat<s 340. 
9-Benzylidenexanthen, reaction of, with ]>heiuinthraquinonc. 
998. 

Benzylmethylamine hydriodidc, )>reparation of, 1118. 

4-Benzylmethylamino-2'-A'-benzenesulphonylcarbamyldi- 
pheny I sulphide, 12.32. 

4-Benzylmethylamino-2'-carboxydiphenyl sulphidt*, 1232. 

4- BenzylmethylamiDO-2'-carboxydiphenyl 8ulphide-3-sulphonic 
acid, 12.33. 

2- Benzylmethylaminothioxanthone, 1 23.3. 
A^-Benzyl-A'-methylbenzamidine, and its tolucnc-p-sulphoa 

aic, 389. 

5- Benzyl-5>methyl-2:4-dithiohydantoin, (>83. 
Benzylmethyleneimine incthiodidc, 1118. 
Benzylmethyleneimine, p-(‘hloro-, 1118. 
A'-Benzyl-4-propylpiperidine-2-carboxylic acid, ethyl ester, 

224. 

2-Benzylthiazole, o-amino-, anti its acetyl derivative, and 

4- nitro-.»-aniino-, and tlu'ir <lcrivatives, 1596. 
j3-{Benzylthio)acrylic acid, 10.33. 

^-Benzyltbio-a-butaldehyde, aiid its dinitrophonvlhvdrazonc, 
1611. 

y-Benzylthio-a-bntylamine, and its hydrochloride, 1611. 
d'/^-Benzylthioe^robutylthiazole, 5-amim)-2-mereapto-, 1 612. 
y-Benzylthio-a-butyronitrile, a-aniino-, hydrochloride, 1611. 
y-Benzylihio-y-methyl-w-butylamine, and its hvdro{:hlori<lc. 
1611. 

y-Benzylthio-y-methyl-a-vaJeric acid, u-ainino-, 1612. 
y-Benzylthio-y-methyl-a-valeronitrile, u-amino-, hydroclilor- 
ide, 1611. 

2-Benzylthio-4-phenylthiazole, 1 658. 
2-BeDzylthio-4-phenylthiazole, 5-amino-, 1604. 
jS-Benzylthiopropaldehyde, and its dinitroi)licnylhy<lrazonc, 
1611. 

/3-Benzylthioevovaleraldehyde, and its (linitrophenvlhvdrazonc, 
1611. 

y-Benzylthio-«-valeronitrile, a-arnimj-. hydrochloride, 1611. 
Beryllium dipropionylmothane, 1383. 

Betaine hydrotjhloride, eon(iuetivitv and viscosity of, 76. 
4:6-Bis-p-acetamidophenyl8ulphonyl-2-methylpyridine, 55. 
a€-Bi8-(5-amidino-2-pyridylozy) pentane d/hydrochloride, 88. 
l:5-(pp'-Bi8aminomethyidiphenoxy}peDtane, and its diacotate, 
1454. 

l:8>(pp'-Bi8aminomethyldiphenoxy)propane, and its diacctaU , 
1454. 

7 >p'-Bisaininomethyldiphenyl, and its (lihydro<dilunde, 145.3. 
pp'-Bisaminomethyldiphenyl ether, 1454. 
pp "Bisaminomethyldiphenylmetbane, and its dihenzoyl deriv- 
ative, 1454. 

pp'-Bisaminomethylstilbene, 1454. 

Bis-(2-amino-4-thiazolylmethyl) (iisulphide, and its diacetyl 
derivative, 324. 

2:B-BisaniUnoacridine, hydrochloride, 247. 

BbhB-iaoarsindolyl sulphide, 667. 

Bis(benzylmethyleneimine), 1117. 
2;4.Biz-p-cbloroanilittOQninazoline, 780. 
^/(-apiro-Bii-5-cblorotsoariindolininm salts, 662, 669. 
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[Bit- 2- (5- otaloro- 3- ethylbeiiithiaiole)][a|3'-diiii«ihin-2'-(5'- 
cbloro-3'-ethylbe]iitbiaiole)]trimethincyaiii]ie dtiodide, 1442. 

BUh2-(5-ehloro«8-ethylb«iiKtluaiole)peiitametliiiioyaiiin6 iodide, 
1443. 

Bit-2-(5-chloro-3-ethylbeiisthiasol6)trimethiiicyamiie iodide, 
1)57. 

BiipenlocbloroethyltetraehlorodUilozane, ] 592. 

l:5*Bisehloromethylnaphthalene, 1 433. 

5;8-Biiohloronietbyl4:2:3:4-tetrahydronaphthalene, 1 434. 

ae-Bii-(6-cyano-2-pyridyloxy)peiita]ie, 88. 

av-Bii-(5<-cyano-2-pyridylozy)propaiie, 88. 

Bii-2-<i^yolylpyrrole)azametMa salts, conversion of /5. 
cycloylpropionitriles into, 1196. 

l:4-Bbh(2';7'-diaza<;yc/obeptenyl)batane, toluene-jo-sulphonate, 
500. 

4:6-Bis-(/3*diethylanunoetbylamino)pyriiiiidiiie, 2-amino-, 47. 

l:3-Bis(dietbylaiiiino)-2>etbylpropane, 2-amioo-, and its tri* 
picrate, and 2-nitro-, 1513. 

l:8-Bif(dietbylamino)-2-metbylpropaiie, 2-amino-, and 2-nitro-, 
1512. 

4:6-Bis»(y-diethylaininopropylamino)pyrimidine, 2-amirio-, 47. 

8:4-Bii-(ydietbyLaminopropylainiiio)quinazoline, and its tri- 
picrate, 777. 

Bif>[2-(i^-dietbyldithiocarbamato)etbyl] sulphide, 850. 

l;4-Bi8-(2'-dihydroglyozaUnyl Ibutane toluene-p-sulphonate, 500. 

4:4'-Bi8>(2-dibydroglyoxaUnyl)dipbenyl toluene-p-sulphonate, 
500. 

l;2-Bi8-(2'-dibydroglyozalinyl)etbane, and its toluene-p-sul- 
phonate, 500. 

l:8-Bii-(8^-dibydroglyoxaUnyl)octaQe toluene-p-sulphonate, 
500. 

l:5-Bi»>(2"-dibydroglyoxalinyl)pentane toluene-p-sulphonate, 
500, 

l:8-Bi8-(2'-dibydroglyoxaUnyl )propane to]uene-;7-sulphonate, 
500. 

4:4'-Bif-(2-dibydroglyoxalinyl)>tilb6iie toluene-p-sulphonate, 
5(K1. 

l:ll-Bii-(2'-dibydroglyoxaliiiyl)andeoanetoluene-p-8ulphonate, 

600. 

Bii-2-(6:6-dimetboxy-3-ethyIbeiiztbiazole)-j3j3'<4imeibyIbepta- 
metUncyanine iodide, 962. 

4;4'-Bii(dimetbylamino)azoxy benzene, derivatives of, 559. 

Bi8-(m-diinetbylamino)oxanilide, 247. 

Bii(^pbenyl-2-cyano-7i-propylarfine)palladium, dtchloro-, 622. 

Bis-2-( 3:5-diphenylpyrrole)azametbin, 1 200. 

Bbh2-(8:6-diphenylpyrrole)-a-methyltrimetbinoyanme bromide, 
1631. 

Bi»-2-(3:6>dipbenylpyrrole)-a-pbenyltrimetbinoyanine bromide, 
1631. 

l':5-Bis-(2:4-ditbio-5-pbenylb7dantoin, 1606. 

Bi»-3-(2-etboxy-5-4'-metboxyphenylpyrrole)metbin hydrochlor- 
ide, 1195. 

Bi8-3-(2-etboxy-6-pbanylpyrrole)metbin hydrochloride, 1195. 

Bie»3*(2-ethoxy-5-phenylpyrrole)trimethin hydrochloride, 1 195. 

[Bis - 2 - (3 - ethyl- 6:7 - benzbenzthiaaole)][ai8' - dimethin - W • (3^- 
etbyl-6^:7"-bensbensthiasole)Jtrimethincyanine dtiodide, 1441. 

Bis-8-(3-etbyl-6:7-benzbenztbiazole)-j3j3'-dimethylheptaxnethin- 
oyanine iodide, 962. 

Bis-2-(3-etbyl-6:7-benzben8tbiazole)-S-methylheptametbin- 
cyanine iodide, 962. 

[Bis-2-(3-ethylbenzaelenazole)j[aj8^-dimethm-2-(3"-ethylbena- 
selenazole)jtrimetbincyanine dnodide, 1442. 

Bi8-2-(3-ethylbenz8elenazole)-i3i3'-dimetbylbeptamethincyaniiLe 

iodide, 962. 

Bis-2-(8-etbylbenzselenasole)metbyibeptaiiietbinoyanine 

iodides, 962. 

[Bis-2-(3-etbylbenzthiazole}l[a/3'-dimetbiii>B'-(3'-etfaylbenztbi- 
asole)]trimethincyaniue dtchloride and dtiodide, 1441. 

Bis-2-(3-etbylbenzthiazole)dimethylbeplaiDetbincyanine 

iodides, 962. 

Bis-2-(3-etbylbenztbiazole)metbylbeptam«thincyanine iodides, 
962. 

[BiS|4-<l-ethylqninoUne)][a^'-diinetbiii-4"-(l"-ethyl4iunoline)]- 
trimetbincyanine dtiodide, 1442. 

LBis-e-(3-etbyl-A^thiasoUne)Jla/3Vdimeihin-2-(3'-ethyl-A<Mhi- 
azoline)]tiimetbincyanine dii)ercblorate, 1442. 

Bia-2-(3-ethyl-A*-thlazoline)-j3^iiiethylheptamethincyanine 
iodide, 962. 

Bia-2-(3-ethyl-A’-tbiasoliiM)-3^«ietbylheptanietbineyanme 

iodide, 962. 


BUh2-(8-ethyl-A>-thiazoline)pentamethitteyaiiiae iodide, 1443. 
Bif-3-(2-keto-5-phenyl-2:8-dihydropyrrolylidene), 1 199. 
2:2'-Bu-(3-keto-2-2'-qQino!yltbionaphthen), 1577. 
Bis-3-(2-methozy-6-phenylpyrrole)metbin hydrochloride, 1195. 
a^-Bis-6-m6thoxyqiunolyl(4)etbyiene, 1686. 
2:8-Bismethylamino-3:7-dim6thylaoridine, 249. 
3:4-8':4'-Bismetbylenedioxybenzilio acid, 953. 
[Bis-2-(4-inetbyl-3-ethylthiazole)l[a/3'-di]netbm-2-(4"-metbyl- 
3^-ethylthiazole)]trimetbinoyai:ine driodide, 1442. 
Bis-2-(4-metbyl-3-6thylthiazole)pentamethincyanine iodide, 
1443. 

[Bis-2-(8-methyl-AMbiazoline)][aj8'-dimethin-2'-(3-methyl-A^> 
tbiazoline)]trimetbincyanine diiodide, 1442. 
IrS-Bis-p-nitrobenzenesolphonylacetone, 117. 
l:8-Big-2':2':2'-lrimtroetbylbenzene, S-nitro-, 1236. 
5-Bispbenylacetoethyl6nediamide, 503. 

l:3-Bis-(Ar-phenyl-4-amidinophenoxy)propane, and its salt^. 
1116. 

Bi8(pbenyibu-3-benzyIoxypropylar8ine)palladiam, dichloro , 
624. 

Bi8(pbenyldimethylar8ine)palladinm, dtchloro-, 665. 
Bi8-2-(5-phenylpyrrole)azamethin, and its salts, 1200. 
Bisquindolinoyl, 610. 

l:2-Bt8-(2'-tetrahydropyrimidyl)ethane, and its tolueno-p-sui- 
phonate, 501, 602. 

Bi8toluene-p-8alphonyl-6- and -7-nitro-2-naphthylamine8, 330. 
Bis(triphenyl8tibine) oxide dinitrate, 667. 

Boron ^rifluoridc, catalysis of reactiotis with, 1237. 

Brassidic acid, glycerides of, 554. 
a-Brassidin, 558. 

British Anti-Lewisite. See Propanol, 2:3-dimercapto-. 
Bromine solutions, reaction of, with tin, in organic solvent 
736. 

Bmcine, 78, 1564, 1557. 

TieoBnicine, preparation of, and its derivatives, 78. 

Butane, 2:3-diamino-, and 2-mtro-3-amino-, and their hydro- 
chlorides, 1488. 

Bntane-3-stilpbonic acid, 2-amino-, and 2-nitro-, salts, 1484. 

2- Batan-3-one, 2-2-bromoamino-, propionyl derivative, 376. 
Bat-2<ene, 2-nitro-, 1477. 

physical properties of, 1105. 

Butenolides, properties of, 1157. 

Bnt-l-en-S-yne-l-oarboxylic acid, and its /S-benzyh>othiuron- 
ium salt, and methyl ester, 1589. 
jS-tert.-Butoxyacrylic acid, 1033. 

Bntoxyamine hydrobromide, 968. 

3- n>Butoxy-7i-batyl alcohol, 2-amino-, and 2-iiitro-, 1477. 
Butoxydiguanide, nitrate, 966. 

2-n-Batoxyethylamine, and its picroloiiate, 313. 

1- Butoxy-2-methylpropene, 1647. 
n-Butyl nitro-«eri. -butyl sulphide, 1479. 

2-nitroethyl ether, 1476. 

/cr/. Butyl »-amyl ether, nitro-, 1476. 
terf.-Butyi alcohol, nitro-, 1518. 

tcri.-Butyl cyanide, amino-, and its derivatives, and nitro-, 
1502. 

5-( y-Butylaminopropyiainino)-3:4:2":3'-pyridoaoiidme, 2: 8-di - 
chloro-, 680. 

7(-Butyl ^bromo-8-nitroamyl snlphone, 1516. 

2- 7t-Butyldihydroglyoxaline, salts, 501. 

i^oButyiene, dimorisation of, copper sulphide-catalysed, 250. 

polymerisation of, by Friedel--Craft8 catalysis, 252, 257. 
n-Butyl 3-ketoamyl snlphone, and its 2:4-dinitrophenylhydr- 
azone. 1516. 

t^oBntyl 8-nitro-3-i>-bromoph6nylpropyl snlphone, 1517. 
p-n-Bntylphenyl 2-nitroetbyl snlphone, 1479. 
n-Btttylpbospbottic acid, diethyl ester, 1466. 
5-n-BatyUnlphonyl-3-methyI-n-amyl cyanide, 3-mtro-, 1507. 
/.er/.-Bntylthiol, nitro-, 1480. 

Bntylnndeoylamine m-nitrobenzenesulphonate, 199. 

Bntyl vinyl snlpbones, 1515. 
t/icBntyramide, jS-amino-, and its picrate, 1501. 

Butyric acid, derivatives of, 1697. 

2-n-BntyryUbionapbtben, 3-hydroxy-, 1576. 


C. 

Cmsinm cupric Iriohloride, crystal structure of, 1662. 
Carbamio acid, chloro- and iodo-alkyl esters, 179« 
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j)-Carbamidobenzainidine, salts, 392. 

S-Carbamidohexaiia, 1496. 

8- Garbamido-4*methoxybeiuioic acid, 898. 
S-Carbamido-S-methylpentadecane, 1499. 

5- Carbamidopbenyldimethylamine, and its methiodide, 185. 

4-Carbamidophenyltriin6thylammoiiiam iodide, 185. 
Carbasolet, 607. ^ 

substituted, spectra of, infra-red, and structure, 978. 
^-Carbamyli«obataldehyde 2:4-dmitrophenylhydrazone, 1503. 
a'-Carbamyldibenzylurea, a-cyano-, 1608. 

Carbazole, 3:6-<^icliloro-, synthesis of, 938. 

Carbazole series, Friedel-Crafts reaction in, 937. 
Carbazole-9>phthaloylic acid, 3:6-dichloro-, 939. 
Carbetbozyaoet-(iV-y-diethylaminopropyl)amide, 730. 
Carbetbozyacet-(.^^-y-dietbylaminopropyl)amidme picrolonate, 
730. 

7-Carbetbozyatrino-9-o-aminophenyl-10-metbylpheiiantbridin- 
ium chloride, and its 9-o-acetyl derivative, 73. 
7-Csrbethoxyamino-9-p-aminophenyl-10-methylphenanthridin«> 
ium chloride, and its 9-p-acetyl derivative, 73. 
7<Carbethozyammo-9:10-dimethylphenanthridiiiiuin bromide, 7 1 . 
4'-Carbethozyaminodiphenyl, 2-amino-, 2-acetyl derivative, 70. 
2-araino-, and 2-nitro-, and 2-p-nitroamino-, benzojd deriv- 
ative, 72. 

2-o-nitroamino-, benzoyl derivative, 73. 

7-Carbethoxyamino«9-metbylphenantbridine, 71 . 
7-Carbethozyamino-9-p-nitrophenyl-10-methylphenantbridin- 
ium salts, 72. 

7-Carbethoxyamino-9-o-nitrophenylpbenantbridine, and its 
methosulphate, 73. 

7-Carbethoxyainino-9-p-nitrophenylphenanthridine, 72. 

9- p-Carbetboxyaminophenyl-io-methylphenantbridiniam 

chloride, 7-ammo-, 7-acetyl derivative, 73. 

2>Carbethoxy-4:5-benzindole, 543. 

4-Carbethoxy*2-benzylthiazole, 5-amino-, and its derivatives, 
1596. 

7-Carbethoxy-4>p-dimethylaminostyryl-l-ethylcinnolmium 

iodide, 811. 

O-Carbethoxyhomovanillic acid, 1694. 

0- Carbethoxyhomovanillin, and its derivatives, 1694. 

1- Carbethozy-2-metbylpropanesalphoiiio acid, 1 -amino-, audits 
sodium salt, 1484. 

10- /)-Carbethoxyphenyl-2-methylphenoxstibine, 8. 
7>-Carbethoxyphenylstibiiiou8 chloride and iodide, 8. 
4-Carbethoxythiazole, 5 -amino-, and its acetyl derivative, 1598. 

5-amino-2-mercapto-, 1607. 

Carbinois, reactions of, in presence of alkalis, 750, 753, 756. 
O-Carbobenzyloxybomovanillixi, 1 695. 

Carbohydrates, from biologically-active materials, 582. 
oxidation of, by periodates, 1427. 
sulphuric esters of, 1675. 

Carbolines, 607. 

4-Carbomethoxy-2-phenyl-6:6-dimethylthiazan, 1613. 

Carbon atoms, saturated, substitution at, 558. 

Carbon monoxide, reduction of oxides by hydrogen and, 1239. 
diselenide, preparation, properties, and chlorination pro- 
ducts of, 1080. 

Carbonyl compounds, a/3-unsaturated, reduction of, by sodium 
butoxide, 851. 

n-Carboxyacetophenone n-nitro-o-methoxyphenylhydrazone, 
467. • ■ ‘ 

2';4^-dmitrophenylhydrazone, 836. 

CarboxyaUcylarsines, preparation of, 618. 
o-Carboxybenzaldehyde p-nitro-o-methoxyphenylhydrazone, 
lactone, 465. 

2':4'-d»nitrophenylhydrazone, 835. 
o-Carboxybenzo-9':4"*4initrophenylhydrazide, 837. 
4-Carboxy*2-benzyltbiazole, b-amino-, 1596. 

9'-Carboxydipbenyl sulphide, 2'amino-, lactam, and its sul- 
phone, 12.34. 

5-ch]oro*2-amino-, and its lactam, 1234. 

2 - Carboxydiphenyl snlpbide-S-sulpbonic acid, 4-amino-, 1233. 
Carboxyetbyl 2-nitroethyl snlpbone, 1480. 

6- (2-Carboxyethyl)thionaphtbindole, 658. 
2"-Carboxy-5-methoxydipbenyl sulphide, 2-amino', and its 

derivatives, 1233. 

Carboxymethyl 2-aminoethyl sulphide, 1480. 

2-nitroethyl sulphide, 1480. 

8^«Carboxy«5»metbyldiphenyl sulphide, 2-amiuo-, and its lactam, 
and its sulphone, 1233. 


Carboxymethyl 2-nitroethyl snlpbone, 1480. 
2-(p-Carboxyphenyl-4-bydroxymethyl)-l:3-ditbia-2-arsacyc^ 
pentane, and its brucine salt, 595. 
10-p-Carboxyphenyl-2-methyl8tibine, and its resolution, 4, 
9* 

4-o-CBrboxy phenyl-2-methylthiazole, 1 657 . 
4-o-CarboxyphenyltbiaBole, 2-amino-, 1657. 
jS-Carotene, oxidation of solutions of, by oxygen, 1. 
Carragheen, polysaccharides of, 1622. 

Catalysis, acid-base, in non-aqueous solvents, 24. 

Catalysts for reactions with aromatic hydrocarbons, 920. 

poisons for, detoxication of, 624. 

Catalytic iodination by acyl hypoiodites, 342. 

Catechol uopropyl ether, i04." 

Cell or Cells, ele(;trochemical, for polarography, 101.1. 

Cellulose, reactions of, 168. 

Centenary, lecture to commemorate, 1278. 

presidential address on occasion of, 1271. 

Chalkone, 4' -amino-, 4:4'-diamino., and 4-nitro-4''-amino-, and 
their derivatives, 1419. 

Chaulmoogrovanillylamide, 615. 

Chemistry, century of, 1278. 

Chemotherapeutics, new, 726. 738, 943. 

Cherry gum, constitution of, 1055. 

methylated, hydrolysis of, 1055. 

^tChloroamines, derivatives of, 530. 

Cholanic acid, 3(j8):6(^)-r/ihydroxY-, 812. 

ChoTulrodemlron lonientosum^ alkaloids from, 936. 
Chromatograms of a single solute, 1302. 

Chromatography, theories of, 1302, 1308, 1315, 1321. 

Chromic manganous oxide. See under Chromium. 

Chromium thiosulphate, complex, 335. 

Chromic manganous oxide, heats of adsorption of gases on, 
1244. 

Cinnamic acid, ethyl ester, bromine and chlorine addition 
catalysed by iodine, 1 168. 
w-Cinnamylideneaoetophenone, p-amino-, 1420. 

Cinnoline, 4:6:7- and 4:7:8-<nchloro-, 6:7-r/ichloro-4-hy<lroxy-. 
and its 4-acetyl derivative, and 7:8-f/ichloro-4-hydroxv-, 
231. 

6- chloro-4-amino-, methiodidt?, 1655. 

7- chlor()-4-hydroxy-, 6:7-dichloro-4-hydroxy-, 7:8-dtchloro- 
4-hydroxy-, and 7-chloro-8-nitro-4-hydroxy-, 2.36. 

8- mtro-4-hvdroxy-, 237. 

Cinnolines, 227, 232, 237, 808, 917, 1649, 1653. 

4-8nbstitiite(l, alkaline decomposition of quaternarv salts 
of, 1653. 

Citrylidenecrotonaldebyde 2:4-dmitrophenylHemicarba7.one, 
1390. 

Clavatol, structure of, and its derivatives, 611. 

Cohen Memorial Lecture, 1700. 

Colchicine, and its derivatives, 746. 

Colloid science, applications of surface chemistry in, 1422. 
Compounds. comj)lex, van der Waals’, stereo-effects and, 130. 
molocldar, structure of, 208. 

Constitution, chemical, effect of, on toxicity, 176, 182, 191. 
Copsene, constitution r>f, 1338. 

Copper, kinetics of reaction of, with iodine, in various solvents, 
1119. 

Cupric atoms, stereochemistry of, 1670. 
chloride, crystal structure of, 1670. 

Coprostan-8(j3)-ol, 6(j9)-hydroxy-, acetyl derivative, 8J4. 
Coprostan-6(j3)-ol-3-one semicarbazone, 814. 

Coumalic acid, esters, 1178. 

Crystals, ionic, atomic scattering factors in, 1455. 

Crystal structure of dicarboxylic acids, 1145. 

Cupric chloride. See under Copper. 

Curare alkaloids, 936. 

tj^oCyanic acid. See under Cyanogen. 

Cyanides. See under Cyanogen. 

Cyanine dyes, trinuclear, 1434. 

Cyanogen 

Hydrocyanic acid, <u-aminoalkyl esters, 1369. 

Cyanides, preparation of amidines from, 1110. 

unsaturated, reaction of, with riitro-paraffins, 1605. 
MoCyanic acid, 4-methoxybenzyl ester, 186. 

Cyanomaclurin, synthesis of, 1683. 

^-Cycloylpropionitriles, 1190, 1196. 

Cytidine, synthesis of, 1052. 

Cytidine sulphate, 1054. 
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D. 

Deca-*8:8>^en«4:8*4iyne-l:l0-dioli and iia dibenzuate, 1589. 
Deoa*4:6-diyDe-2:9‘4iol« and its biM-3:5-diiiit!;nbenzoate, 1582. 
Decalinsulpbonic acid, bcnzyi-^ thiouronati^ 542. 
lilO-Decamethylenediozydiamine drhydrochlonde, 907. 
lilO-Decamethyleoedioxydisraaoidine dinitratcs 908. 

1 :10-Decamethylenedioxy di urethane, 907 . 

Decan-5-one oxime, 1490, 

Decoamidine hydrochloride, 74 J, 

n-Decyl cyanide, 19 -amino-, an<i its derivutives and lO-bromo-, 
1370, 1371. 

Dehydrogenation witli sebmiurn dioxide, 704. 

“ fi "-Dehydrohyodeoxycholic acid, 814. 

Density of lifjuids, relation of, to vapour pressure ami viscosity, 

H22. 

3- Deoxy-i3-methyl-/-xylopy ranoside, 07 1 . 

Deoxypentose nucleic acid, thvmus, and its sodium salt, 1129, 
1131,1141. 

Deoxypentose nucleic acids, 1129, 1131, 1141. 

S-Deoxy-Z-xylose, ami its p-nitrophenylosazonc^, 909. 
a- and ^-Diacetone fructoses, 1403. 

Diacetone glucose, 3-chloro-, Ki. 

2:5-Diacetylacetamlide, 1033. 

8:4>Diacetyl l:6-anhydro ^-altrose, 2-( l)loro-, 15. 
l:6>Diacetyl-2:3-dimethylindole, nitro-. 1034. 
l:6>Diacetyl-2:8-dimethylindoline, 3-iiitro-2-hy(lroxy-, 1034. 
Diacetylenedicarboxylic acid, dihydratcs n-ystal and moleeular 
structure of, 1 145. 

Diacetylenic glycols, conjugated, prejja ration of, 1579. 
0/V-Diacetylindoxyl, S-bromo-, and 5-nitro-, 009, Oil. 
7:9-Diaoetyl‘^-methyltetrahy drocarbazole, 939 . 

4- (3':5'-Diacetylpenta-2':4'-dienylidene)-l:4-dihydropyridine, 
1029. 

7:9-DiacetyUetrahydrooarbazole, 0 bronio-, (>-bromo-10:l l-dt* 
hydroxy-, and 0-chloro-, 939. 

Dialkyl phosphites, reaction of, with polyhalogen compounds 
in {)rescnce of bases, 074. 

A ^Dialkylaminoalkylamidines, 1 0( >, 

3- Dialkylaminoalkylaminodiphenylanunes, 910. 

Dialky laminoalkylaminodiphenylguanidines, 914. 

4- Dialkylaminoalkylaminoquinazolines, 890. 

Dialky Ipyrimidines, eflect of siibstituticui in derivatives of, 4i. 
2:5-Dialkyl l:4-3:6*dianhydrosorbitol, 1400. 
Diallylethylenodiamine hydrochloride, 314. 

Diamidines, ohomothorapeutic, benzy lamine analogues of, 1452. 
$:5'*Diamidinodifurfuryl ether, and its dipicrate, 397. 
S:5'>Diamidino-2:2'-di!urylethane f/diydruchlorirle and its di- 
hydrate, 398. 

/ra /cs-4:4'-Diamidino-2:2'-dimethylstilbene (/fhydi'ochloride, 
092. 

(rans-4:4'-Diamidino-2-methylstilbene </ diydrot;hloride, 691. 
Dii^'camyi dihydromyrcei}e <//aulphide. 4(). 
A^V'-Di-tt-amylbenzamidine. and its j)icrate, 388, 
l:4-3:6-Dianhydro-c/-arHl -/-iditols, and their derivative, 1403. 
I:4-3;6-Dianbydromannitol, alkenyl etliers, 140.1, 
from BiUTOse, 433. 

l:4-3:6*Dianhydrosorbitol, alkenyl ethers, 140.1, 
from sucrose, 43.3. 

2:4<-Diamlino-3>ethylquinoline, 2:4-df-p-chloro-, 909. 
2:4-Dianilino-3-niethylquinoline, 2:4-di-p.chloro-, 908. 
4:6-Dianilino-l;3:5-tnazine, 2-amino-4:0-d/-p-chloro-, and 2- 
chlor(>-4;0-f/ i - p-('h h>ro-, 1 59. 

2:4«Di-/j-anisidino-6>ethoxy-l:3:5-triazine, hydroc ldoride, 100. 
4;6>Di-7>-ani8idino-l:3:5«tnazine, 2-amino-, and its hydro- 
chloride, and 2-chloro-, 159. 

2:2-Di>//>ani8yl>3-methylphenanthro-9M0'-l:4-dioxen, 999. 
lil-Di-p-anisylpropylene, reaction of, with phenanthraquinone, 
999. 

DHoanisylstibinous (4doride, 1509. 
l:3-Diasa-acndine, derivative of, 720, 

l:3»Diaza-acridiue, 2-amim).4-hydrox\ -, ami its hydroehloride, 
and 2:4-dd)ydroxy-, 733. 

8-nitro-2:4-dihydroxy', 734. 

Diazo-compounds, aliphatic, formation of, from 5-hydroxy- 
l:2:3-triazolo.4-carboxyUc esters, 1384. 

Diasocyanides, aromatic, isomeric, diamagnetic susceptibilities 
and magnetic optical n)tatorv power of, 457. 
isomeric, Hantzsch's, structure of, 445. 
infra-red spectra and molecular structure of, 453. 


Diazomethaue, and its derivatives, 1045. 

reaction of, with phenanthraquiiioneimine, 651. 

Diazonium groups, replacement of, by nitro-groups, 127, 139‘.‘. 
Diazosulphonates, reaction of, derived from j8-naphthoi 1. 
sulphonic acid, 829. 

l;2:5:6*DibeDzaiithracene, orthorhombic, crystal structure oi 

1001. 

l:5-Dibenzene8Ulphonamidonaphthalene, 2;4:6:8-lefranitri i 
hS'flh-wi-nitro-, 81. 

3:4;5;6-Dibenzcyc/ohepta-3:5-dien-2-one, and its 2;4-dinitro 
phenylhydrazone, 749. 

3:4;5:6-Dibenzcyc/ohepta-l:3:5-trien-7-oiie, and its 2:4-dinitr(> 
phenylhydrazone, 749. 

l:2;7:8^Dibenzocarbazole, 3:6-rfiamino-, ^//hydrochloride, 3;(! 

rfrchloro-, and 3:t>-dnntro-, 77, 78. 
A^A^'-Dibenzoyl-l:2-bistolnene-p>8ulpbonamidoetbane, 504. 
4-(3':5'-Dibenzoyl-l'-methylpenta-2':4'-dienylidene)»l:4- 
dihydropyridine, 1029. 

4-(3':5'-Dibenzoylpenta-2':4'-dienylidene)-l:4*dihydropyridine, 
and 3':5'-<//-o-ehloro-, 1029. 

Dibenzylcblorosilane, 1593. 

3:4;6:6-DibenzyI<v/c/t>hepta-3:5-diene, I -amino-, and its hydro- 
chloride, and (’i.v-l:2-f/ /hydroxy-, 748. 
3:4:5:6-Dibenzylcyc/obepta-l:3:5-triene, and its dibromidc, 74(i. 
Diborane, structure of, 89. 

Di -,V;Y.-butyl sulphide, d/nitro-, 1480, 

3:4-Di-/er/.>butylacenaphtbene, amino-, bromo-, and nitro- 
derivatives, 742. 

2-araino-, and its derivatives, 2-nitro-, and 2:7-d/nitro-, 744. 

2- bromo-, and 2:x-d/bromo-, 745. 
3:4-Di-/cr/.-butyIacenaphthenequinone, 2-bromo-, 745. 
2-y-Di-w-butylaminopropylamino-4-p-cbloropbenyUhio-6- 

metbylpyrimidine, and its dipicrate, 788. 

2- y-Di-«-butylammopropylamino-5:6-dimethylpyrimidine, 4 
amino-, and i-chloro-, and their dipicrates, 48. 

4- v-Di-w -butylamiuopropylamino-2:6-dimethylpyrimidine, 5 
amino-, 50. 

2>y-Di-/(-butylaminopropylamino-4-bydroxy>5;6-dimethyl- 
pyrimidine, and its dipicrate, 48. 
2“y-Di-/i-butylaminopropylamiuo-4-2^-methoxyphenyUhio-6- 
metbylpyrimidine, and its dipicrate, 788. 

Di-w-butyldiallyltin, 1450. 

Di-w-butyldicblorotin, 1450. 

Dibutyletbylenediamines, hydrcx'hlorides, 314. 
dib-Di'/o/.-butylnapbtbalic anhydride, and its derivatives, 744. 
4:5-DWcr/.-butylnapbthalic anhydride, 3-hromo-, 745. 
4;5-Di-/cr^-butylnaphtbalimide, 3-l)romo-, 740. 

.3-nitro-, 745. 

4;5-Di-/crf.-butylnaphthal-iY-metbylimide, 3-hromo-, 740. 

3- mtro-, 745. 

2:5-Di -,sw.-butylpyrazine, and its chloro]»latinate, 370. 
dZ-.V-oxide, 1184. 

3:6-Di -sm-butylpyrazine, 2-aniino-, ami 2-hydroxy-, and their 
salts and derivatives. 370. 

2-rhloro-, 2:5-d/chloro-, 2-chloro-5-hydroxv-, and 2-hvdroxv-, 
I1S2. 

2-hydroxy-, synthesis of, from i.voloucine, 1179. 

Dibutyl sulpbone,3-amino-,and its derivatives, and 3-nitro-, 1 5 1 0. 
Di-/rr/. -butyl sulphone, d/nitro-, 1481. 
m-Di-(/cr/.-butylsulphonyl)benzene, m-d/nitro-, 1479. 
l:5-Di-(w-butylsulphonyl)-3-ethylpentane, 3-nitro-, 1510. 
l:5-Di-(«-butylsulphonyl)-3-methylpentane, 3-amino-, and 3- 
nitro-. 1515. 

3":4'-Di-/er/..butyl-l:7"-tbionapbthenacenapbtbenylindigo, 

2'(or 5')-bronio-, 746. 

2:7>Dicarbethoxyamino-9:10-dimethylpbenanthridiniam metho- 
.sulphatc, 72. 

4:4'-Dicarb6tboxyamiaodipbenyl, 2-ammO', and its 2-acetyl 
derivative, 71. 

2:7-Dicarbethoxyamino-9-methylphenanthridine, 7 1 . 
2:7-Dicarbethozyamino-9-phenyi-10-metbylphenanthridinium 

salts, 71. 

2:7 - Dicarbethoxyamino - 9 - phenylphenanthridine, and its 

benzoyl derivative, 71. 

2:2-DH4-<a-carb6tboxymethoxyphenyl)ethane, 1:1:1 -/nchloro-, 
849. 

2:2-Di-(4-oj-carboxy methoxymethoxypbenyl)ethane, 1:1:1 -iri - 

chloro-, 848. 

£:2-Di«(4-a>-oarbozymethoxypbe]iyl)etba]ie, 1:1:1 drtchloro- . 

and its diethyl ester, 848. 
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Di-n-decylamine» hydrochloride, 200. 
aa -Dielaidin, 538. 

3:7-Diethoxyacridine, 2;8*diammo-, 248. 
Di-(2-ethoxyethyl)ainine, and its picrolonate, 313. 
Di-(SS-ethoxyethyl)anili]ie, 311. 

Di«(2-ethoxyethyl)carbamyl chloride, 313. 
Di(ethoxyethyl)ethylenediaiiiine h^^drochloride, 314. 
jV^"-Di-(^thoxyethyl)ethyleiiediamine-iS^>carhoxydimethyl- 
amide-iV'-carboxypiperidide, 318. 
^.^'-Di-(2-ethoxyethyl)ethylenediamine-iV-carboxy(ethyl-2- 
ethoxyethyl)ainide-iV^'-carboxypiperidide, 3 1 8. 
Di(ethoxyethyl)hexamethylenediamine hydrochloride, 314. 
a^-Diethoxypropipnic acid, methyl ester, 1032. 

Diethyl sulphide, 2:2'-dichloro-, diothyldithiocarbamato- 
derivativcs, 849. 
thermal decomposition of, 318. 

(/i-2-nitro-, 1480. 

/fi/lmsnlphide, 1530. 

l-Diethylamino-6-acetoxyhept-4-en-2-yne, 1579. 

l-Diethylamino-doacetoxyhept-S-yne, and its oxalate, 1579. 

1- Diethylamino-l"*acetoxy-3-cyc/ohexylprop-2«yne, and its 

picrate, 1579. 

3- Diethylaminobatane, 2>nitro-, and its picrolonate, 1488. 

4- Diethylamino-2-butyl alcohol, esters, 160. 
4-Diethylamino-o-cresol, and its derivatives, 188, 189. 
Diethylaminoethyl benzilate, 60. 

A'>2-Diethylaminoethyi<^-amidinophenyl methyl snlphone, and 

its salts, 505. 

A'Diethylaminoethyl-p-aminobenzamidine, 163. 

3- ^-Diethylaminoethylaminobenzene, 1-nitro-, and its salts, 
915. 

4- j8-Diethylaminoethylaminobenzene, 1-nitro-, salts, 916. 

2- ^-Diethylaminoethylamino-5-benzeneazo-4:6-dimethyi> 
pyrimidine, 51. 

2- ^-Diethylaminoethylamino-4-p-chlorophenylthio<6-methyl> 
pyrimidine, 788. 

4-^-Diethylaminoethylamino-2-p-chlorophenylthio-6-methyl- 
pyrimidine, 788. 

3- j3-Diethylaminoethylamino^:5-dimethyldiphenylamine, 4'* 

chloro-, and its di-p-toluenesulphonate, 913. 

2-)3*Diethylaminoethylamino-4:6-dimethylpyrimidme, 5-amino-, 
and its dipicrato, 51. 

2-^-Diethylaminoethylamino-5:6-dimethylpyrimidine,4-amino-, 
and 4-chloro-, 48. 

4- j3-Diethylaminoethylamino-2:6-dimethylpyriniidine, 5-amino-, 

50. 

5- ’^-Diethylaminoethylamino-4:6-dimethylpyrimidine, 

2-amino-, and its dipicrato, 51. 

6- ^-Diethylaminoethylamino-2:5-dimethylpyrimidine,4.chloro-, 

and its derivatives, 1358. 

2-/?-Diethylaminoethylamino-4-hydroxy-5:6-dimethyl- 
pyrimidine, 48. 

4-^-Diethylaminoethylamino-2-hydroxy-6-meihylpyrimidine, 

and its salts, 786. 

4-^-Diethylaminoethylamino-6-hydroxy-2-methylpyrimidine 

hydrochloride, 1356. 

3>^-Diethylaminoethylamino-4'*methoxy>4:5-dimethyldiphenyl- 
amine, 914. 

2-j3-Diethylaminoethylamino-4-p<methoxyphenoxy-6>methyl> 
pyrimidine, 789. 

2*^>Diethylaminoethylamino-4-p-methoxyphenylthio-6-methyl- 
pyrimidine, 788. 

4-)3-Diethylaminoethylamino>2-p-methoxyphenylthio-6-methyl> 
pyrimidine, 788. 

4-/3-Diethylaminoethylamino-7-methoxyqninazoline, 2-chloro-, 
899. 

4-^-Diethylaminoethylamino-5-methylpyrimidine, 2-amino-, 
45. 

2:6-diamino-, 47. 

4-j3-Diethylaminoethylamino-6-methylpyrimidine, 5'bromo-2- 
amino-, 46. 

2-chloro-, and its dipicrato, 787. 
6-j3-Diethylaminoethylamino-2-methylpyrimidine, 4-chloro-, 
and its dipiorate, 1356. 

6-j3-Diethylaminoethyiamino-5-methylpyrimidine, 4-chloro-2- 
amino-, 47. 

4-)3-Diethylaminoethylainino-2-methylthio-6-methylpyrimidine, 
and its salts, 786. 

2 - (2 - Diethylaminoethylaiiilno) • p • phenanthroline hydro- 

bromide, 1661. 

58 


4-j3-Diethylaminoethylamino«5*phenoxypyrimidine, 2-ammo-, 
46. 

4-^-Diethylaminoethylamino-2-phenoxyqainoline, 909. 
4-j3-Diethylaminoethylaminopyrimidine, 2:6-rf/amiiio-, and its 
dipicrato, 46. 

4-j3-Diethylaminoethylaminoquinazoline, 2-araino-, 898. 

4- /S-Diethylaminoethylaminoqninoline, 2-amin(>-, 909. 

2-cbIoro-, 904. 

5- jS'Diethylaminoethylamino-o-xylene, 5-iimiuo-, and 5-nitro- 
and their deriv’^ativcs, 912. 

A'^-2-Diethylaminoethylbenzamidine, and its salts, 505. 

A^-Diethylaminoethyl-6-bromo-2-napbthamidine, i 63. 

A -Diethylaminoethyl-p-chlorobenzamidine, 1 63. 

jS-Diethylaminoethylgnanidine hydriodide, 5 1 . 

2-^-Diethylaminoethylc/yc/ohexanone-2-carboxylic acid, ethyl 
ester, 400. 

A"-Diethylaminoethyl-p-hydroxybenzamidine, 1 63. 

A^-Diethylaminoethyl-6-hydroxy-2-naphthamidine, 1 63. 

A'^-Diethylaminoethylmethoxybenzamidines, 1 63. 

A -Diethylaminoethyl-6-methoxy-2-naphthamidine, 1 63. 

A-/;-Diethylaminoethylphenylenediamines, 91 6. 

A'^-Diethylaminoethyl-6-Quinamidine, 1 63. 

9>j3-Diethylaminoethyl-2:6:8-trimethylparine, and its Havian- 
ate, 51 . 

l*Diethylaminohept-4-en-2*yn-6-ol, and its picrate, 1579. 

l-Diethylammohept-2-yne, and its picrate, 1579. 

2>Diethylaminocv^/ohexanol, esters, and their derivatives, 167. 

l-Diethylaminohez-4>en-2-yn-6-ol, and its a-naphthyliirethano, 
1.579. 

1- DiethyIaminohex-2-yn-6-ol, and its picratt', 1 579. 

4-/^-DiethylamiDO>2*hydroxyqainoliDe, 904. 

8- Diethylamino-3-methylacridme, 2-amino-, 249. 

2- §-Diethylamino-a-methylbatylaniino-4-p-chlorophenoxy-6> 
methylpyrimidine, 789. 

4-S-Diethylamino-a-methylbutylamino-2-p-chlorophenoxy-6- 
methylpyrimidine. 78 S. 

2- S-Diethylamino-a>methylbutylamino-4*p>chlorophenylthio-6- 
methylpyrimidine, 788. 

4-S-Diethylamino-a-methylbutylamino-2'p-chlorophenyUhio^ 
methylpyrimidine, 788. 

4-S-Diethylamino-a-metbylbutylamino-6-p-chioropbenylthio-2> 
methylpyrimidine, 789. 

3- (3-Diethylamino-a-methyl-a-butylamino)-4:5-dimethyldi- 
phenylamine, 4'-cliloro-, 91.3. 

6- 8-Dietbylamlno-a-methylbutylamino-2:5-dimethylpyrimidine, 

4-chloro-, 1358. 

4- S-Dietbylamino-a-metbylbatylamino-6-hydroxy-2:5>dimetbyl- 
pyrimidine, di{)i(Tatc, 1358. 

4-8-Diethylamino-a-methylbutylamino-2-hydroxy-6-methyl- 
pyrimidine, and its dipicrato, 787. 

3- 5-Diethylamino-a-methyl-«-bntylamino-4'-methoxy-4:5-di- 
methyldiphenylamine, 914. 

2- 8-Diethylamino-a-methylbulylamino-4-;)-methoxyphenylthio- 
6- methylpyrimidine, 788. 

4- S-Diethylamino>a-methylbutylamino-6-methoxyq'unaldine, 
and its dihydrohroinidc, 1553. 

4<-d-Diethylamino-a-methyIbutylamiQO-6-methylpyrimidine, 

2-amino-, and its dipicrato, 790. 

2-chioro-, 788. 

6-3-Diethylamino-rx-methylbutylamino-2>methylpyrimidine, 
4-<’hloro-, and its dipicrato, 1357. 

4-d>Diethylamino-a-methylbutylamino<2-methylthio-6-methyl- 
pyrimidine, 787. 

2«(4-Diethylamino-l>methylbutylamino)-p-phonanthroline 

tria-3:5-dinitrohonzoate, 1661 . 

4-5-Diethylamino-a-methylbatylaminoquinazoline, 2-chloro-, 
898. 

3- (S-Diethylamino-a-methyl-n-butylamino)->-xylene, 5-amino-, 
912. 

A^-S-Diethylamino«a-methyl-n>butylphenylenediamine8, 916. 

9- y-Diethylamino-a-methyl-?i-butyl-2;6:8-trimethylpnrine, 51 . 

a-Diethylamino-n-pentan-3-one diethyl kotal, 912. 

3- Diethylaminophenol, urethanes of, and their mothlodidos, 
189. 

1- Diethylaminopropane, 2-amino-, and 2-mtro-, 1513. 

y-Diethylaminopropylamine, and its salts, 947. 

4- y>Diethylaminopropylamino-5-p-chlorobenzeneazo-2:6-di- 
hydroxy pyrimidine, and its salts, 731. 

2- /-Diethylaminopropylamino<4-p-ohlorophenyUhio«8-inethyl- 
pyrimidine, 788. 
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4-y-Diethylaminopropylamino-2-i)-c]ilorophenyltbio-6-methyl- 
pyrimidine, 788. 

doyDiethylaminopropylamino-S-j^-chlorophenylthio-S-methyl- 
pyrimidine. 789. 

4*yl)iethylamiiiopropylamiiio-2:6-dibeiiayloxy-5-methyl- 
pyrimidine* and its tripi(Tate, 731. 
4>y-DietliylamiiiopropylanLino-2:6>dibenzyloxypyrizDidine, and 

its dipicrate, 731. 

3- y-Diethylanuxiopropylamino-5;6>dimethylpynmidine, 

4 - amino*, and its bi8-3:5-dmitrobenzoaie, 48. 
4«/l-Diethylammopropylammo-2:6-dimethylpynmidine, 

5- amino-, 50. 

4- y-BiethyIammopropylamino*2;6-dimethylpyhmidi]ie, 

5-amino-, 5-act)tyl dorivativo, and its flavianate, 50. 
4-y-DiethylaminopropyIamino-3-ethylquinoline, 2-chloro-, and 
its pioratu, 1)09. 

2-y-DietliylamiQopropylamino<4-hydrozy-l:3-diaza-actidin6, 

and its salts, 734. 

4-y-DiethylamiQopropylami&o-2>hydroxy-3-etbylqiiinoline, 

908. 

4-y-Diethylamiiiopropylamino-6-hydroxy-2-methyl-6-ethyl- 
pyrimidine, and its salts, 1300, 
4*yDiethylaminopropylamino-2-bydroxy-6-methylpyrimidine. 

and its di hydrochloride, 787. 

4>yDietliylaminopropylanuno-6-hydroxy*2-methylpyrimidin6 

hydrochloride, 1350. 

4-^Diethylaminopropylamino-2:6-dthydrozy-5-methylpynmid- 

ine, and its stdte, 731. 

4-y*DiethylamiDopropylamino-2-hydroxy*3-methylqninoliiie, 

908. 

2- y-Diethylamiuopropylamino-4:6-dthydrozypyrimidine, and its 

picrolonatc, 730. 

4-y-Dietbylaminopropylamino*2*hydroxypyrimidine, 6-chloro-, 
731. 

4-y-Dietbyianiinopropylamino-2:6-dihydroxypyrimidiDe, and 

its salts, 731. 

4-y-DiethyIaminopropylamino-2-hydroxyQuinoline, 903. 
4oy-Dietbylaminopropylamino>2-bydroxyquinoline, 7-chlorc>-, 
900. 

3- y-Diethylaminopropylamino-4-/s.methoxyphenoxy-6-methyl- 
pyrimidine, and its dipicrato, 789. 

2*y-I)iethylammopropylamino-4-2<-methoxyphenylthio*6- 
metbylpyiimidine, 788. 

4«y-Diethylaminopropylamino-2-p-metboxypbenyUbio-6- 
metbylpyrimidine, 788. 

4*y-Dietbylaminopropylamino-6>metboxyqainaldine d«hydro- 
chloride, ir>53. 

0-y>Dietbylaminopropylamino-2-metbyl-5-etbylpyrimidine, 
d-chloro-, and its <iipicTuto, 1300. 

4- y-])ietbylaminopropylamijio-5-metbylpyrimidine, and its bis 

3:5 -<1 i iiitrobcnzou te, 47 . 

4-y-Dietbylaminopropylamino-5-metbylpyrimidine, 2-aminO', 
45. 

2:6-(/uddoro-, and its salts, 731. 
4-y-DietbylamiDOpTopylamino-6-metbylpyrimidine, o-bromo-2- 
amino-, 40. 

2-clUoro-, 787, 

d-y-Di6thylaminopropylamino*2>metbylpyrimidine, 4-chlorf>-, 
and its dipicrate, 1357. 

6-y-Dietbylaminopropylamino-5-methylpyrimidine, 4-chiorO'2- 
araino-, 47. 

4-y-Dietbylaminopropylaiuino*3*metby iQxiinoline, 2chk>ro- , 

908. 

6>y-DietbylaminopropylamincH8-metbylthiO'2-metbylpiirine, 

and salts, 947. 

4-y-Dietbylaminopropylamino«2-metbyltbio>6-methylpyrimid- 
ine, and its dipicratts 787. 

2-(3-Dieibylaminopropylamino)>p-pbeiiantbrolme hydrol>rom- 
idc, 1001. 

4-y-Dietbylaininopropylamino*5->pbenoxypyrimidiQe, 2'amino-, 
40. 

5<(y-Dietbylaminopropylamino)-3:4:2':3'»pyridoacridiQe, 
2-chloro-, and 2:S-djchluro-, 080. 
4-y-Dietbylaminopropylaminopyrimidine, 2;0-^/mmino-, and 
its dipicrato, 47. 

2;0-fYichloro-, and its salts, 730, 
4-y-DietbylaminopropyIaminoqumoline, and 2-chloro-, and 
thoir }>icratos, 904. 

4«y-Dietbylaminopropylaminoqtiinoline, 2-amino-, 909. 
2:7-dichloro-, and its dipicrate, 900. 


9-y-Dietbylaininopropyl-2:6:8-trimetbylparine, and ita di- 
picrate, 51. 

4-DiethyIaminotolaene, 2-aminO', acetyl derivative, 187. 
Dietbylammoninm chloride, 2:2'-dihydroxy-, 2:2^-diacetyl 
derivative, 630. 

BietbylaDiline, di-2-nitro-, and its hydrochloride, 1488. 
JVi^r-Biethylbenzamidine, and its salts, 1113. 
JV^jV^'-Biethylbenzamidine, and its picrate, 385. 
l:4-Diethylben2eDe, 2-amino-, and its acetyl derivatives, 1633. 
aa-Diethyl-a-»-butylacetamidine, and its picrate, 741. 
aa-Diethyl-a-n-butylacet-iVWcc.-octylamidiiie, 741 . 
oa-Dietbyl-a-n-butylacetonitrile, 741. 
8:4-DietbylcaTbonatobeii2aldehyde, and its 2:4-dinitrophenyl- 
hydrazone, 660. 

j5-(3:4-Dietbylcarbonatopbenyl)-3^-methylserine, derivatives of, 
661. 

j8-(3:4-Diethylcarbonatophenyl)serme, ethyl ester, picrate, 600. 
Bietbylcblorosilane, 1593. 

Biethyldiallyltin, 1450. 

iV'^^'-Bietbyl-iV^iV'-di-(2-cbloroetbyl}piperaziiiium salts, 617. 

-Biethyl-A'JV'-di-(2-methoxyethyl)pipera2inium salts, 629. 
Biethyldimetboxysilane, 1594. 

A^iV^'-Biethyl-JVJV'-di-w-propylpiperazinium salts, NN'-di-2- 
chloro-, 518. 

5:5-Biethyl>2:4-dithiohydantoin, 083. 
AW^-Biethyletbylenediamine-i^iV^^-biscarboxydiethylamide, 

315. 

Biethylhexamethylenediamine hydrochloride, 314. 
l:3-Biethyliminazolid-2-one, 315. 

Biethyl-2*metbozyethylamine, d{-2-C‘hloro-, and its salts, 529. 
i\riV^-Biethyl-j»-methylsnlphonylbenzamidine, 1113. 
and its salts, 1110. 

Biethyl-2*nitroethylamine, and its salts, 1488. 
Biethylpropylamines, dt-2-chioro-, and their derivatives, 516. 
Biethyl sulphone, fit-2-nitro-, 1480. 

Bieth yltetrachlorodisilozane, 1591. 
Bi-(5«^thyltetradec-4-en*6-yl) ether, 758. 
Biethyltrimetbylenediamine, hydrochloride, 314. 
jViV^-Biethyl-»-valeramidine picrate, 395. 

Bii«c>eugeiiol, structure of, 948. 

Bifurfuryl ether, 5:5'-dicyano-, 397, 

5:5''-dtirainoethor dihydrochloride, 397. 

JV :ri>»Bi!arlurylidene-^aniinoacetopbeDOne, 1420. 
2:2-Bi!urylethane, 5:5'-diiminoethcr, and its dibydro- 
(thloride, 398. 

2:2 >Bi£arylethane, 5:5'-dicyano-, 398. 

Biglycylethylenediamine, 129. 

3:3 -Bicyciohexenyl sulphide, 1529. 

Bicvciohexyl sulphide methiodide, 1537. 

Uira- and Aexo-sulphides, 1549. 
oa-Bi-n-hexylacetamidine, and its picrate, 741. 
Bi-7i-bexylacetonitrile, 741. 

Bi-n-hexyiamine, wi-nitrobenzenesulphonate, 199. 
Bicyriohexylbutadiyne, di-l-hydroxy-, 1582. 
Bicvr/ohexylethylenediamine hydrochloride, 314. 
2:3-Bihydroanisole, 1646. 

Bibydroantbracenes, dihydroxy-, configuration of, 801. 
l:2*BihydroanthrBcene-l:2-diolB, 804. 

6:10'Bihydrodiacridyl 6:5'-ether, 3:7;3':7'-ic/rachloro-2:8';2':8'- 
ffOaamino-, 249. 

Bihydroeugenolsulphonio acids, and their derivatives, 125. 
4:5-Bihydrogiyoxalmes, 2 -substituted, preparation of, 497. 
Bihydroguaiaretic acid, diacotyl derivative, 950. 

Bihydro my rcene methiodide and disulphide, 1537. 

sulphide, and its methiodide, 1528. 
Bihydromyrcenebis(thioglycollic acid), 39. 
BibydromyrceneglycolUc sulphone, 39. 
Bibydromyrcenethioglycollic acid, 39. 

Bihydromyreenetbiol, 139. 

2-(2':3'-Bihydro-j8-naphtbo!aran-2')-2>a-napbtbyl-l3-napbtho- 
pyran, 848. 

2-(2':8'-Bihydro-j3-napbtbo!nra&-2')-2>a-napbtbyl-2':3-tri- 
methylene-/8-napbtbopyran, 848. 
2-(2":3'-Bihydro-^-ttapbtholuran-2")-2-pbenyl-^-naphthopyran, 
848. 

2-(2':3"-Bihydro-i3-naphthofuran-2'')-2-pbenyI-2':8-tri- 
methylene-jS-naphthopyran, 848. 
2-(2':3'-Bibydro-j3-naphthoturan-2')-2^tolyl*j3-naplitbopyran, 
848. 

Bibydro-:r-mamdme, synthesis of, 222. 
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DihydropenicUlic acid« 805. 

IMhydro-jS-amnindene. amiao-derivatives, 634. 
2;3-Diliydro-j3-<iiiinindene, 12-aminO', and its derivatives, 635. 
9:12-dtchloro-, and 9-chloro- 12 -amino-, 636. 

9-chloro- 12-hydroxy-, 1037. 

2:5-Dihydro(iuinol dimethyl ether, 105. 

Dihydro«^*santonin, bromo-lactone, 1166. 

2:5-Dihydrotoluene, and its derivatives, 1647. 
5:6-Dihydro-wi-tolyl methyl ether, 1646. 

2:8-Dihydro-;?-tolyI methyl ether, 1646. 

3:6-Dihydioyeratroie, 105. 

Di-isoprenes, reaction of, with hydrogen sulphide, 1532. 
2:5-Diketo-3-(4'-aminophenyl)t6'oiudolinopyrazolidocolme, and 
its acetyl derivative, 471. 

2:5-Diketo-3-(2'-bromo-4'-uitrophenyl)fsomdoliiiopyra2olido- 
coline, 473. 

2:5-Diketo-3-(8":6V/ibromo-4'-nitrophenyl)?<s'oindolmopyr- 
azolidocoline, 473. 

2;6-Diketo-3-(2-chloro-4'-aininophenyl)u'<uindolinopyrazolido- 
coline, and its acetyl derivative, 472. 
2;5*Diketo*3-(2'-chloro-4'-mtrophenyl)i«oindolmopyrazolido- 
coline, 471. 

2:5-Diketo-3-(2':0'-dichloro-4'-nitrophenyl)woindolinopyrazoli- 
docoline, 472. 

2:7-Diketo-l:8-dimethyI-l:2:7:8-tetrahydro-p-phenanthrolme, 

1661. 

2:9-Diketo-4-methyl-5-/3-diethylaminoethyl*6:7-benzo- 
5tryc/o[3:3:l]nonane, 400. 

2:5*Diketo-3-(2"-nitro-4"-aminophenyl)m;indolinopyrazolido- 
coline, and its acetyl d(irivative, 832. 
2:5-Diketo-3-(4'-nitro-2"-methoxy phenyl )woindolinopy razolido- 
coline, 465. 

2:5-Diketo*3-(4"-nitrophenyl)i.suindolinopyrazolidocoline, 470. 
2:5-Diketo-3-(2^:4Winitrophenyl)Moindolinopyrazolidocoline, 
832. 

l:4-Diketo-3-(2':4'-<^mitrophenyl)tetrahydrophthalazine, 837. 
2:6-Diketo-3-(4'-nitro-2'-tolyl)j>oindolinopyrazolidocoline, 473. 
Diketophenyl-a- and -jS-naphthylethanes, 60. 

Oiketopiperazines, conversion of, into ])yrazine derivatives, 
1179. 

2:5-Dimethallyl l:4-3:6-dianhydrosorbitol, 1407. 
3:7-Oimethoxyacridine, 2:H-d/amiiio-, 248. 
l':5-Dimethoxy-3:4-ben2fluorenone, 226. 
l':5-Dimethoxy-3:4-benzfluorenone-l>carboxylic acid, methyl 
ester, 226. 

2:2'-Dimethoxybenzilic acid, and 5:5‘'-d!ibromo-, 953. 
4-(3':5'-Di-w-methoxybenzoylpenta-2':4'-dienylidene)-l:4- 
dihydropyridine, 1629. 

/l*3:4-Dimethoxybenzoylpropionitrile, 1194. 
Di(methoxyethyl)ethylenedianiine hydrochloride, 314, 
Dimethoxy-2-methyltetrahydrowoquinoUnes, 193. 
l:5-Dimethoxynaphthalene, nitration of, 350,. 
l:5-Dimet]ioxy naphthalene, 4-moao- and 4:8-dt-amino-, and 
their acetyl derivatives, 4-bromo-, 8-nitro-4-amino-, and its 
4-acetyl derivative, 354. 
di- and (n-nitro -derivatives, 352. 
l:5>Dimethoxynaphthaleneazo-i8-naphthol, and 8-nitro-, 354. 
l:4-Dimethoxy-3-(2':4'-dmitrophenyl)-3:4-dihydrophthalazine, 
835. 

2:3-Dimethozyphenanthrene, 1 697. 
ay-Di-p-methoxyphenylacetoacetic acid, ethyl ester, 1698. 
ay-Di-p-methoxyphenylbntyric acid, j9-hydroxy-, 1698. 
2-(3':4'-Dimethozyphenyl)dihydroglyoxaline, and its salts, 500. 
l:2'-Dimethoxy-3-phenyl-4>methylene-3:4-dihydrophthalazine, 
4‘'-nitro-, 467. 

l:2'-Dimethoxy-3-phenyl-4-methylphthalaziniam perchlorate, 
4'-nitro-, 467. 

2":5-Dimethoxy-l-phenylnaphthalene, 226. 
2':5-Dimethoxy-l-phenylnaphthalenecarbozylio acid, and its 

methyl ester, 226. 

2':5-Dimethoxy-l>phenylnaphthaiene>2:3-dicarbozylic acid, 226. 
2':5 - Dimethoxy • 1 - phenylnaphthalene - 2:3 - dicarboxylic an- 
hydride, 226. 

l:2'-Dimethoxy-8-phenyl-4-(2'':4''-dtmtrobenzylidene)-3:4- 
dihydrophthalazine, 4'-nitro-, 467. 
l:2'-l)imethozy-3-phenylphthaiazininm perchlorate, 4''nitro-, 
465. 

^3:4-Dimethoxyphenylt>opropyl alcohol, 127. 
Dimethoxy-Ti-propylbenzeneanlphonic acidz. See Mcthyldi- 
hydroeugenolsulphonic acids. 


Dimethoxystilbenes, bromination of, 1450. 
2:2'-Dimethoxystilbene, 5-nwno- and 5;5-(/i-bromo-, and their 
dibromides, 1451. 

5:5"-Dimetboxystilbene, 2:2'-f/jbromo-, and its dibroniide, 1452. 
7:8-Dimethoxy-l:2;3:4-tetrahydroacridone, 1 037. 
6:7-Dimethoxy-l-veratryl-2-methyl-l;2-dihydronaphthalene-3- 
carboxylic acid, 951. 

5:6-Dimethoxy-3-veratryl-2-methyl-l-ethyIhydrindene, 951 . 
5:6-Dimethoxy-3-veratryl-2-mcthyl-l-ethylindene, 951 . 
5:6-Dimethoxy-3-veratryl-2-methylhydrindene, 951 . 
5:6-Dimethoxy-3-veratryl-2-methylhydrindone, and its oxime. 
951. 

5:6-Dimethoxy-3-veratryl-2-methyl-l-indone, 951 , 
6:7-Dimethoxy-l-veratryl-2-methyl-l:2:3:4-tetrahydro- 
naphthalene-3-carboxylic acid, 950. 
6:7-Diinethoxy-l-veratryl-l:2:3:4-tetrahydronaphthalene, 95 1 . 
Dimethyl ether. So(' Methyl cthm*. 
A^iV'-Dimethylacetamidinium salts, 385. 

3:5-Dimethyl acetone Z-arabofurauose, 10()4. 
4:6-Dimethyl-2-acetylsulphanilamidopyrimidine, 1 375. 
Dimethylacridines, (/uimino-, and tlu'ir derivatives, 247, 248. 
jS/l-Dimethylacrylic acid, a-bronio-, arnidei and methyl ester, 
1033. 

aVA-Dimethyl-p-amidinophenyl methyl sulphone, pierate, 393. 
l-Dimethylamino-6-acetoxyhept-4-eu-2-yne, and its motlioja'i- 
fhlorate, 1579. 

1- Dimethylamino-4-acetoxyprop-2-yne, and its methioditle, 
1579. 

4-Dimethylamino-2 -A-benzeuesulphonylcarbamyldiphenyl 
8ulphid<% and its derivatives, 1231. 

4-Dimethylammobenzyl alcohol /V-metli vlur(*thane meihiodidi*, 
J90. 

2- Dimethylamino-6-benzyIoxypyrimidine, l-chloro-, 7,32. 
4-Dimethylamino-2'-carboxydiphenyl sulphide, and its ethyl 

e.stor, 1231. 

4-Dimethylamino-2'-carboxydiphenyl sulphide-3-sulphonic acid, 
1233. 

Dimethylaminooresols, and their derivat ives, 188, 189. 

2- Dimethylamino-4:6-dibenzyloxypyrimidine, and its picraOs 
732. 

4-Dimethylamino-2:6-diben2oyIoxy pyri midine, 732. 
9-Dimethylamino-2:3-dihydro-j9-auinindene, i2'anijno-. and 
12-cbloro-, 63t). 

1- Dimethylamino-2:2-dimethyl-a-butane, 3-chloro-, ])i(!ratc, 59. 

3- Dimethylaiiino-2:2-dimethylpropanol hydrobroinide, 59. 
y-Dimethylamino-/3j3-dimethylpropyl besnzilate, 60. 
a-Dimethylaminoethanesnlphonic acid, m(dhyl c.stor, hydri>- 

chloride, 181. 

jS-Dimetbylaminoethanol, and its Ixuizilate mothotddoride, 166. 

.v'^-metbylthiourethano and urethane hydrochlorides, 181, 
Dimethylaminoethyl boriziLat.es, tiO. 

^-Dimethylaminoethylamide, bonzilates, 60. 

4- Dimethylamino-l-ethylbenzene, 2-amino-, acetyl derivaiivt?, 
and 2-nitro-, raethiodide, 187. 

Dimethylaminoethylbenzilamide, and it.s hydrogen ben/.ilate, 
()0. 

Dimethylaminoethylphenols, and their dririvatives, 188, 189. 
/rrta.s-«2-Dimethylaminocyc?ohexanol, and its e.sters and deriv- 
atives, 167. 

4-Dimethylamino-l-r/t/cZohexylbenzene, 2-amiiio-, and 2-nitro-, 
and its tneihiotlide, 187. 

2- Dimethylamino-3-cvc/ohexylphenol, N -rruithyluretha and 
its moihiodide, 189. 

6-Dimethylamino-2-ciyc/ohexylphenol, 1 88. 
4-Dimethylamino-2-hydroxybenzyldimethylamine, an<l its di- 
hydrochloride, 1 88. 

1- Dimethylamino-2-hydroxynaphthalene, and its iV-methyl- 
urethane, and its raethiodidt^, 188, J90. 

/5-Dimethylamino-3- and -4-hydroxypropiophenones, hydro- 
chlorides, 1192. 

2- Dimethylamino-4:6-r/thydroxypyrimidine, 733. 
4-Dimethylamino-2:6-dr hydroxy pyrimidine, 732. 
l-Dimethylamino-7-hydroxytetralin, 194. 
9-Dimethylamino-12-keto-2:3:5:12-tetrahydro-j3-QuiniQdene, 

636. 

/3-Dimethylaniino-3-methoxypropiophenone hydrochloride, 
1192, 

l-Dimeth7lamino-7-methoxyt€tralin, 1 93. 
8-Dimethylamino-4-methylcoamarin, ami its mothiodide, 186. 
a-Dimethylamiuomethylpropiophenone hydrochloride, 1193. 



1730 


Index of Subjects. 


4:^Dimethyl«2-ainmomethylpyriinidi]ie» and its hydrochloride, 
1374. 

4'-BimetliylaiDino-3>metbyl-2-8tilbaaole, and its meihiodide, 
1699. 

2:4-Dimethyl*5-2'-aimnometbyltliiaaole, dipicrato, 1402. 
Dimetbylaminopbenolf, urethaneB of, and their derivatives, 
189. 

5- 'Dimetbylaminophenol, 2-chloro-, and its A"-methylurethane 
moth iodide, 188, 190. 

a- and + )-(o-Dimethylamino-<t>-a-phenylethylacetopheiiones, 
94. 

y-Dimetbylamino-a-pbenylpropanol, henziiatc of, and its 
methoehloride, 1 68 . 

/3-Dimethylaminopropiophenone, 4-bromo-, hydrochloride, 
1193. 

2-y-DimethylamiQopropylamino-5:6-dimethylpyriimdixie, 
4-amino-, and 4-('hloro-, 48, 49. 
2-y-Dimethylaminopropylamino-4-bydrozy-5:6-dimethyl- 
pyrimidine, 48. 

4*DimethylBmino*l-2Vopropylbenzene, 2-amino-, acetyl deriv- 
ative and 2-nitro-, methiodidc, 187. 
Dimetbylamino-4-t.‘(opropyl-o-cre80l8, and their derivatives, 

188, 190. 

$-Dimethylamino-4-iBopropyl-o-cre8ol, and its derivatives, 186. 
Dimetbylaminoi^opropylphenols, and their derivatives, 188, 

189. 

6- Dimethylamino-4-i«opropyltolaene, 2 -amino-, 187. 
2«Dimethylaminopyrimidine, 4:6-dichioro-, 732. 
4*Dimethylaminopyrimidine, 2:6-dichlQro-, 732. 

6- and 7-Dimethylammoquinolinea, and their salts, 441, 443. 

4- p-Dimethylamino8tyryl-l-ethylcinnoiimum iodide, and 6- and 
7-chloro-, 811. 

2*Dimethylaminotbioxanthone, 1 232 . 

2-DimetbylaminothioxanthoDe-3>8iilpbonic acid, and its 
potassium salt, 1233. 

5- Dimetbylaminotoluene, 3-amino-, acetyl derivative, and 3- 
nitro-, mcthiodide, 187. 

6»DimetbylamiaO"77i-xylen6, 4-amino-, acetyl derivative, and 
4-nitro-, methiodide, 187. 

6- Dimethylamino-m-4-xylenol, and its A''-methylurethane, and 
its methiodide, 188, 190. 

Dimethylaniline, 4-chloro-3-nitro-, 187. 
d:3-Dimethyl-2-^-aniliaovinylindolenine methiodide, 959. 
S;5-Dimethyl /-arabinose, 1062. 

3:5-Dimettayl 1-arabonolactone phenylhydrazide, 1064. 
2:4«Dimetbyl-l-azanthracene, chloro -derivatives. 547. 
2:4>Dimetbyl-l>azanthraqainone, chloro-derivatives, 548. 
A^V-Dimethyibenzamidine reineckate, 392. 
iVA^'-Dimethylbenzamidine sulphamate, 385, 504, 
Dimethyl-2-benzamidoethyl8alphoniam iodide, 771. 
4:6-Dimethyl-2-benzamidomethylpyrimidine, 1374. 
2:4-Dimethyl-S:6-benzoquinolme, 3-chloro-, 547. 

5'-hydroKy-, .548. 

Dimethyl-2«benzoyloxyethylsulpbomam iodide and picrate, 
769. 

Dimethyl-2-beiizylaminoetbyi8ulpbomam iodide, 771. 
2:2-Dimetbylbutane, 1 -amino- and l-nitro-, 1497. 

3-mfmo- and l:3-rfi-nitro-, 1519. 

1:2-Dimethy 1-/7 •butyl cyamde, 3-nitro-, 1507, 
5:5-Dimethyl-2-(l-oarbamyluopropyl)bexahydropyrimidi]ie, 
1503. 

d:4-Dimetbyl-5-parbetboxymetbyi*2-thiazolenyl-4-quinolyl- 
methane, 1403. 

2:2-Dimetbyl-4<K}bloromethyl-l:3-ditbiolan, 595 . 
l:l-Dimethyl-8-cbloromethylpiperidinium iodide, 59. 
Dimethyl-/3-chloropropyUmine hydrochloride, 59. 
2:4-Dimethyl-5-cyanometbylthiazole, and its picrate, 1402. 
a:S-Dimethyldeoa-4:6-diyne«3:8-diol, 1582. 

8:3'«Dimethyldibatyl aolphone, 3:3'-rfiamino-, and its hydro- 
chloride, and 3:3"-£iimtro-, 1517, 
A^Ar'-Dimethyl>A"A'^-4i-2-(2-chloroethozy)ethylpiperaiiniam di- 
halides, 518. 
salts, 532. 

•Dimetbyldi«2-chloroethylpiperatiiiiam dithiocyanate, 322. 
Bimetbyldibydroperimidine, 4:6:7 :9-telranitro-, 81. 
4:b*Dimetbyldipbenylainine, 4'-chloro-3-amino-, and its salts, 
and 4'.chloro-3-nitro-, 913. 

5:5-Dlmetbyl-2:4-ditbiobydantoiii, 683. 

AiV-DimetbyKY -etbylbenzamidine salts, 385. 
Dimetbyletbyl-jS-cbloroethylammoniiim salts, 59. 


Dimethylethylo/S-hydroxyethylammoniiim picrate, 59. 
2:3-Dimethyl*5- and -e-etbylindolea, 1633. 
2:3'-Dimethyl-6-ethyliDdoline, 1 633. 

Bimethylethylzalphoninm iodides, 2-8ubBtituted, alkaline fis- 
sion of, 766. 

2:6-I>imethyl galactonamide, 1625. 

2:6-l)imetbyl galactose anilide, 1625. 
l:8-I)imethylbezahydropyrimid-2-one, 3 1 5. 
Bimethylbezametbylenediamine, hydrochloride, 314. 
ArAr'-Dimethylhezamethylenediamine-jVA''-bisoarbozydiethyl- 
amide, 315. 

A^A^'-Dimethylhexametbylenediamine-A'-carbozy diethyl- 
amide-.Y-carbozymorpholide, 318. 
l:l-Dimethylc;yclohezane, 1:1 -diamino-, and l.'l-dinitro-, 1519. 
3;3-Dimetbylhexane, 4-amino-, 1497. 

Dimethylcvriohezanones, 2:4-dinitrophenylhydrazonos, 1647. 
3:3-Dimethylhexan-4-one oxime, 1497. 
2:4-Dimethylcydobez-2-enone 2:4-dinitrophenylhydrazone, 
1647. 

5:6'-DimetbyIhydantoin, l-nitro-, 334. 
Dimethyl-j8-hydrozyetbyli.$f>propylammomum chloride, 59. 
2:2-Dimethyl-4-bydrozymetbyl-l:3-dithiolan, 595. 
Dimethyl-i3-(bydroxyphenyl)ethylamine8, 194. 
Bimethyl-y-(hydroxyphenyl)-a-methyl-n-propylamine8, 194. 

A^-methylurethanes and their derivatives, 195. 
Bimethylhydroxyphenylpropylamines, 1 94. 

JV-methylurethanes of, and their derivatives, 195. 
Bimethyi-a-(4-hydroxy-m-tolyl)ethylamine, 194. 

A’^-methylurethane hydrochloride, 195. 
l:3-Dimethyliminazolid-2-one, 315. 
Dimethyl-/?-(8-methozyphenyl)etbylamine, 1 93. 

Bimethyl-y-( methoxyphenyl)-a-metbyl-n-propylamine8, 193. 
Bimetbylmethoxyphenyl-ra-propylamines, 193. 
Bimethyl-a-(4-metbozy-ni-tolyl)ethylamine, 193. 
Bimethyl-2-methylthioethylsulpbonmm iodide, 770. 
1:5-Dimethylnaphthalene. and its derivatives, 1434. 
2:6-Dimethyloctane, 2:6- and 3:7-diraercapto-, 1538, 1639. 
2;6-Dimetbyloctane-2:6-diol, 1 108. 
Bimethylpentamethylenediamine hydrochloride, 314. 
5:5-Bimethylcyciopentametbylene-2:4-dithiobydantoin8, 683. 
2:3*Bimethylpentane, 2:4-diamino-, and its derivatives, 1491. 

2-bromoTiitro-4-nitro-, 1490. 

2;2-Dimethylpent-4-ene, l-nitro-, 1498. 
9;10-Dimethylpbenanthridiniam salts, 7 -amino-, 71. 

2:7-diamino-, and their 2:7-diacetyl derivatives, 72. 
Bimethyl-2-pbenoxyethylsulphonium iodide, 770. 
V-(3:5-Dimethylphenyl)butyrio acid, y-2-hydroxy-, 537. 

( 1-) f d/-l:l-Bimethyl-2-phenylpropan-l-ol, 437. 
2:2-Dimethylpropane, l:3-diamiuo-, and its derivatives, 1502. 
l:3-dinitro-, 1518. 

aa-Dimethylpropionamide, ^-amino-, and its derivatives, 1502. 
aa-Dimethylpropionic acid, /3-amino-, and its esters, 1503. 
Di-{l-methyIpropyl) sulphide, rfi-2-nitro-, 1481. 
I>i-(l-metbyipropyl) sulphone, d«-2-nitro-, 1481. 
2:3-Bimethyl-6-t«opropyUetrahydrothiopyran, 1 539. 
2:5-Bimetbylpyrazine nwno- and di-A'-oxidos, 1184. 
3:6-Dimetbylpyrazine, 2-chloro-, 2:5-dichloro-, and 2-chloro-.^>- 
hydroxy-, 1182. 

2-hydroxy-, 370, 1182. 
and its picrate, 372. 

2:3-Dimethylpyridi&e, derivatives of, 1698. 
2:5-Dimetbylpyrimidine, 4-chloro-6-hydroxy-, 1358. 
2:6-Bimethylpyrimidine, 5-amino-4-hydroxy-, 5-acetyl and 6- 
formyi derivatives, and 4-chloro-5-amino-, and its 6-acetyl 
and 5-formyI derivatives, 60. 

4:6-Dimethylpyrimidine, 2:5-diamino-, 51. 
2:2-Bimethyl-5-pyrrolidone, and its hydrochloride, 1511. 
2:2-Bimethylpyrrolme, and 5-amino-, and 5-imino-, and their 
derivatives, 1510. 

2:2'-Biiiiethylstilbene, <rans-4:4"'dibromo-, and da- and frans- 
4:4'-rficyano-, 692. 

2:2 -Bimethylstilbene-a-carbozylio add, cMA' -dihromo-, 692. 
Bimetbybityrene, addition of halogens to, 628. 
4:6-Bimetbyl-2-8iilphaDilamidometbylpyrimidiiie, 1375. 
Bimetbyltetrachlorodisiiozane, 1592. 
10:15-Bimetbyltetraco8a-ll:13-diyne-19:15-diol, 1583. 
Bimetbyltetrametbylenediamine hydrochloride, 314. 
2:4-Bimethylthiaiole-5-acetio acid, and its derivatives, 1402. 
4:4'-Bimethyltbioazozybenzene, 852. 
5:5-Bimethyl-2-thiobydantoin, and 4-imino-, 685. 
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SilO-Dimethylthioiiaphthindole* 657. 

2:12-DimethylthionBpht]iindoie, lO ohloro-, and its picrato, 
657. 

Dimethyltrimethylenediamme hydrochloride, 314. 
^iV'-Dimethyltrimetbylenediainine-.A^iV'-bisoarbozydiethyl- 
amide, 315. 

^^iV>DimethyUrilllethylenediamine-.?^-carbozydiethylaInide-i\^'- 
carboxypiperidide, 315. 

4;5-Dimethyltriphenylamme, 4":4""-diGhloro-3-nitro-, 913. 
l:l'-Dinapbthyl* l:r-(iiamino-, diacetyl derivative, 3:3'-di« 
amino-4:4^-(/tamino-, 4:4'-diacotyl derivative, 3:3'-diiutro-, 
3:3'-dinitro-4:4'-<i?'amino-, 4:4^-(/mitro-l:r-diamino-, 1:1'- 
diacetyl derivative, and 3:3''-dmitro-4:4'-dihydroxy-, 1.573, 
1574. 

3:3'-dmitro*, synthesis of, 1573. 

2:2^>Dinapbthyl, l:r-t2iamino-, preparation of, 77. 
.3:3''-Dinaphtiiyl, l:r-dtbromo- and l:r-dichloro-2:2' (^tamiiio-, 
and their dihydrochloridoa, 1391, 1392. 
3:3'-Dinaphthyl-2:2'-bi8azo-i3-naphthol, l;r-rfjbromo-, 1392. 
Di-n-nonylamine, and its derivatives, 199. 
aa-Di-n-octylacetamidine hydrochloride, 741. 
Di-n-octylacetonitrile, 741.' 

Di-n*octylamine m-nitrobenzenesulphonatc, 199. 

A^=''-Diolefins, reaction of, with sulphur, 1519. 
a y-Diphenozy propane, 4:4'-dmmino-, 4:4'-dmitro-, and 4- 
nitro-4'-araino-, 393, 394. 

,3:5:.3';5'-fc<rabronio-, 83. 

3;5:3';5'-^#'^mcyano-, and its tri-imino-ethor hydrochloride, 
83. 

Diphenyl, 2-amino-5-cyano-, 2-acetyl derivative, 2-p-bromo- 
ainino-, and 5-bromo-2-p-bromoamino-, benzoyl deriv- 
atives, 85, 86. 

3:3'-^»‘chloro-4:4'-dinitro-, 1 29. 
2:2':6:6'-<(;/racliloro-4:4'-f/mitro-, 735. 

2-nitro-4'-amino., 72. 

4-nitro-2'-o-nitroamino-, benzoyl derivative, 73. 
3:3':4:4'-<c/ranitro-, preparation of, 1394. 

Diphenyl dibydromyreeno disulphide, 40. 

/fi/msulpbide, di-p-chloro-, 1549. 

Diphenylacetic acid, 3;5-dwodo-2- and -4-hydroxy-, 203. 
Diphenylacetic acids, iodo-, preparation of, 202. 
Diphenyi-2-amidinoethylar8ine, and its salts, 622. 
Diphenylamine, S-nitro-S'-amino-, ,597. 
Diphenylamine-2-carboxylic acid, 3^-cyano-, 638. 

6:2'- and 6:3'-dinitro-, 3-nitro-3-araino-, 3-acetyI derivative, 
and 6-nitro-3'-amino-, and its 3'-acetyl derivative, 596. 
4-cyano-, 640. 

Diphenylamine>2-carboxylic acids, duoro-, 761. 
Diphenylamine-6-carboxylic acid, 2:2'-(/tnitro-, 1418. 
Diphenylanisylacrylamides, 643. 

Diphenylanisylacrylonitriles, 643. 
3;5-Diphenyl>2-(2'-benzoylvinyl)pyrrole, 1631 . 
Di(phenylbis-2-cyanoethylar8ine)palladiuni, dtchloro-, and its 
mercurichlorido, and dichlorodi-p-chloro-, 621. 
3:5-Diphenyl-2-{but-l'-en-3'-onyl)pyrrole, 1631 . 
ay-Diphenylbutyric acid, iS-hvdroxy-, and its ethyl ester, 1()97, 
1698. 

Diphenyl-2-carboxyethylarsine, 623. 

Diphenylcbloroacetic acid, dialkylaminoalkyl esters, and their 
derivatives, 166. 

Dipbenylchloroarsine, action of In^at on, 429. 
a/3-Diphenyl-^-p-chlorophenylacrylonitrile, 642. 
Diphenylchlorosilane, 1593. 

3:4-Diphenylcmnolme, oxide of, 1651. 

3:4-Diphenylcinnoline, 4-»-hydroxv-, and its ethiodides, 1651, 
16,54. 

Diphenyl-2-oyanoethylarsine, 621. 
Diphenyl-2-cyano-n-propylarsine, 622. 
a^-Diphenyl-j3-dimethozyphenylacrylamides, 643 . 
a/J-Diphenyl-jS-dimethoxyphenylacrylonitriles, 643. 
aViV'-Diphenyl-iV^iV'-dii ^opropylethylenediamine, 3 J 0. 
Di-(l-pbenyletbyl) sulphide, di-2-nitro-, 1481. 
l:^Diphenylhexa-2:4-diyne>l:6>diol, 1 582. 

Oipbenylketen, dimeric, permanganate-coloured, constitution 
of, 175. 

reaction of, with phenanthraquinone, 999. 

Dipbenylmethyl-2>cyano-a-propylarsoninm picrate, 622. 
iVjV'*Diphenyl-iV-methyKV'-ethyltrimetbylenediamine, 311. 
5:6-Diph6nyl-(l'-metbyl-7'-}>opropylphenantbro}-9';10'-l:4- 
diozen, 999. 


A'A^'Diphenylpioolinamidine, and its picrate, 1116. 
Diphenylpropionic acids, iodo-, preparation of, 202. 
a^-Diphenylpropionic acid, jS-3;5-f/iiod(>-, /?-3;4:5-/ni(Klo., j8- 
3:5.dtiodo-4-amino- and -2-hydroxy-, 204. 
Diphenyltetrachlorodisiloxane, 1592. 

Diphenyltolylaorylamides, 642. 
j8j?-Diphenyl-a-p-tolylacrylic acid, 642. 
Diphenyl-a-tolylacrylonitriles, 642. 

Diphenyl triketone, reactions of, in sunlight, 907. 
2:2'>Dipiperidinoiiitopropylamme, and its trihydrocliloride, 1513. 
2;2'-Dipiperidinoi^opropylurea, and its dimetbiodide. 1513. 
Dipropionylmethane, beryllium derivative, 1383. 
Di^isopropoxyethyllethylenediamine, hydrochloride, 314. 
Di/.^opropylamine, (//-2-nitro-, 1488. 
5;5-Di-n-propyl-2:4-dithiohydantoin, 683. 
Dipropylethyienediamines, hydroebloridcH, 314. 

A\V -Diw(»propylethylenediamine-A' A' '-dicarboxyl <‘hloritle, 316. 
l:3-Di-a-propylimina2olid-2-one, 3 1 5. 
Di-a-propyltrimethylenediamine hydrochloride, 3J4. 
A'A"-Di-2-pyridylbenzamidine, 389. 

DH2-pyrroylmethyl) sulphide, 1659. 

2:6-Distyrylpyridine, 2:6-</i-/)-ainin{>-, and -</i-p-nitro-, 560. 
l:3-Disulphanilylacetone, 117. 

Dithallium trimethylene glycol, 1382. 
2;2'-Dithiobenzoyl-p-nitroanilide, 1 234. 
2:2'-Dithiobenzoyl-p-toluidide, 1 234. 

2:4-Dithiohydantoins. 5:5-disubHtituted, preparation of, from 
ketones, 681. 

2:4-Dithio-5-phenyl-l(or 3)-benzylhydantoin, 1607. 
2:4-Dithio-5-phenyl-l:3-dibenzylhydantoin, and its hydro- 
chlori<le, 1007. 

2:4-Dithio-5-phenylhydantoin, 1 606. 

l:5-Di-/)-toluenesulphonamidonaphtbalene, 2:4:6:8-b!;ranitro-. 
81. 

l:8-Di-;>-toluene8ulphonamidonaphthalene, 2;4:,5;7-i<’/ranitr<>-, 
81. 

Di-/>-toluenesiilphoDyldiallylethyleuediamine, 31 2. 
Di-/>-toluenesalphonyldibutylethylenediamine8, 312. 
Di-;i-toIiienesulphonyldiethylethylenediamine, 312. 
Di-p-toluenesulpbonyldiethylhexamethylenediamine, 3 1 2. 
Di-p-toiuenesulphonyldiethyltrimethylenediamine, 3 1 2. 
Di-/j-toluenesulphonyldimethylethylenediamine, 312. 
Di-p-toluenesnlphonyldimethylhexamethylenediamine, 312. 
Di-/>-toluenesuipbonyldimethylpentametbylenediamioe, 312. 
Di-ji^-toluenesulphonyldimetbyltetramethylenediamine, 312. 
Di-;>*-toluenesulphonyldimethyltrimetbylenediamine, 312. 
Di- 2 >'toluenesulpbonyIdipropylethylenediamines, 312. 
Di- 7 >-ioluenesulphonyldipropyltrimethylenediamine, 312. 
D’-/Molyl-/>chlorophenylarsine, 513. 
l:5-Di-y>-tolyl8ulphonyl-3-ethylpentane, 3-nitro-, 1516. 
3:4-Ditosyl tetra-acetyl mannitol, 1404. 
^-Diveratryl-a-methylpropionic acid, 95 1 . 
as-rixenylethylene, reaction of, with j>hcnanthrafiuinone, 999. 
2:2-DixeDyl-3-methyIphenanthro-9':10'-l:4-dioxen, 999. 
2:2-Dixenylphenanthro-9':10'-l:4-dioxen, 999. 
l:l-Di- 7 >-xenylpropylene, reaction of, with j^henantliracpiinonc, 
999. 

Dodeca-3:9-dien-5:7-diyne-2:ll-dioI, 1 582. 

Dodeca-6:7-diyne-4:9-diol,andits biH-a-naphthylurctlmne, 1581 . 
l:12-Dodecamethylenedi-0-benzamidoxime, 96S. 
Dodecane-2:ll-diol, 1582. 

Dodecane-4:9-diol, 1,582. 

Dodecoxyamine hydrobromidc, 967. 

Dodecoxyguanidine nitrate, 967. 
w-Dodecylphosphonic acid, diethyl esters. 1466. 

Doryl. »Sce Trimothyl-2-hydn>xyct,liylamm()nium chloride 
urethane. 

J)uhuiMia wyoporohlC'Sy alkaloid.^ of, 1.330. 

E. 

Earths, rare, ferricyanide precipitation in, 1 18. 

hydrated oxalates of, 1687. 

Elaidic acid, glycerides of, 55-1. 

Electrochemistry of organic reai tions. 1288. 

Electrons, bonding, co-ordinate links torincd by, 89. 

Elements of nickel, rare-earth, and zirconium groups, analysis 
of, 1347. 

Epichlorohydrin, reaction of, with sodium acetylidc, 1583. 
2-(2:3-Epoxy-l-butoxy)hexane, 1585. 

2-(2:3-Epoxy-l-butoxy )hex-3-en-6-yne, 1 585. 
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Erbium* purification of, 118, 

Erucic acid, glycerides of, 554. 
a-Erucin, 558. 

Erythritol, thallous derivative, J381. 

Ethanesuipbonio acid, 2‘amino-, and 2-nitro-, salts. 1483. 
Ethoxycarbcthoxymethyleneaminoacetic acid, ethyl ester, 100. 
5*Ethoxy-3':4"-di>t«r^-butyl>l:7"-thioziaphthenaceuaphthenyl- 
indigo, 2'{i>r 50-bromo-, 748. 
9-Ethoxy-2:3-dihydro-^-quinindene, 12-hydroxy-, 1037. 

5- Ethoxy-3>dimetbylaminometbylmdole, and its hydrochloride, 
190. 

2-Ethoxy-3:6-dimethylpyrazme, and its picrate, 1182. 
a-£thoxyethylideneaminoacetic acid, }jotaBsiiim salt, 100. 
a-(a*Ethoxyethylideneamino)-j9-acetoxyacrylic acid, ethvl ester, 
101. 

a-(a-£tboxyethylideneamino)>i3>hydroxyacrylic acid, potassium 
ethyl ester, 101. 

a-Ethoxyethylideneaminomalonic acid, ethyl ester, 100. 

2- Ethoxymethylpropane-l:3-diol, 2-nitro-, di-p-nitrobenzoyl 
derivative, 1477. 

7- Ethoxy-l:2:3:4-tetrahydroacridone, 1 037. 
ll'Ethoxythionaphthindole, 057. 

Ethyl /l-ben/.oylpropiraino-ethor, and its hydrochloride, 1194. 
uohuiyl sulphide, 2-chloro-, 1515. 
cvunideH, 1- and 2-amiQo-, and thoir derivatives, 1371. 

2-(A'-(liet hv ldithiocarbamato)othyl sulphide, 8.50. 
/3-4-nnd.hoxybenzoylpropimino-cthcr hydrochloride, 1195. 
nitro-ifcr/. -butyl ether, 1470. 

Ethylamine, 2-hydroxy-, 2-a.cetyl derivative, and its chloride, 
530. 

4-Ethylamino-2'-iV-beiizene8ulphonylcarbamyldiphenyl sul- 
phide, and its nitroso-derivative, 1232. 
4-Ethylamino-2'-carboxydiphenyl sulphide, and its acetyl 
derivative, 1232. 

2>Ethylaminothioxanthone, 1 233. 

Ethylammonium ioluen(*-p-sulpliouatc, 2-amiao-, .502. 
Ethylaniline, 2-nitro-, and its hydrochloride and acetyl 
derivative, 1488. 

p-Ethyl aniline, p-2-hromo-, hydrochloride, 1572. 
3«Ethyl-2-aniloetbylideneben!mxazolme, 959. 

3- £thyl>2>aniloethylidenebenzselenazolme, 958. 
3<£thyl-2-aniloethylidenebenzthiazoline, 950. 

8- Etbyl-2«aniloethylidenebenzthiazoline, 5-(4i]oro-, 957. 
3*Ethyl-2-aniloethylidenethiazolidine, 959. 
3>Ethyl-2-anilopropylidenebenzthiazolines, 958. 
JV^-Ethylbenzamidinium salts, 38.5. 

Ethylbenzene, 4-nitro-2':2':2'-/rinitro., and 2:4:6-tnmtro- 
2':2':2'-frniitro-, 1 230. 

2- Ethylbenzthiazole, ])reparation of, and its ot ho toluene - 
sulphonate, 957. 

0- Ethylbenzyl methyl ether, o-2-chloro-, and o-2-hvdroxy-, 
1039, 1040. 

a-Ethyl-a-«-butylaoetamidine, and its dcrivative.s, 741. 
a-Ethyl-a-n-butylacet-A'-octylamidines, and their salts, 741. 
a-Ethyl«a-7»>batyl-a-n-hexylacetamidine, 741 . 
Ethyl-n-batyl-a*hexylacetonitrile. 741 . 
a-Ethyl-o-a-butyloctylacetamidines, 741 . 
Ethyl-w-biityloctylacetonitriles, 74 1 . 

Ethyl-7'-chloropropylaniline, 311. 

6- Ethyldec-6-en-5-ol, 758. 

3- Ethyl-2*^ianiloi.vopropylidene-6:7-benzbenzthiazoline, 1439. 
3>Ethyl-2-dianiloi vepropylidenebenzoxazoline, 1441. 
3-Ethyl-2-dianiloi-s'opropylidenebenzselen8zoline, 1 439. 
3-£thyl-2-diamlot.vopropylidenebenzthiazoline, and 5-chloro-, 

1439. 

1- Ethyl-2>dianilot>opropylidene-l:2‘4ihydroqainoline, 1441. 

1- £thyl>4-dianilOM(>propylidene-l:4-dihydroquinoline, 1 440. 
3-£thyl-2-dianilotcHopropylidenethiazoli^ne, 1440. 
£thyldi-(2>chloroethyl)amine, and its salts, 510. 
Ethyldichlorosilane, 1 593. 

2- £thyldihydro<l:3*benzthiazine-4-one, 704. 
Ethyldi>(2«hydrozyethyl)ammonium salts, 2-chloro-, 529. 

3- £thyN2*(3':5'>di-m-methozybenzoylpenta-2':4'-dienyUdene)- 
benzthiazoUne, 1031. 

Ethyidi-n-nonylamine hydrochloride, 200. 

£thyldi-n-octylamine, 200. 

£thyldii\<)opropylamine, ^-chloro-, hydrochloride, 59. 
Ethyidi-(2-)>othioareido-/S-ethyl)ainine, 322. 

Ethylene, halogeno-derivatives, addition of halogens to, 030. 
Ethylenediammonium bistolueno-p-sulphonate, 503. 


Subjects. 

Ethylenedi-0«benzophenone oxime, 968. 

Ethylenediphosphonic acid, tetraethyl ester, 1467. 

Ethylene oxide, anhydro sugars of, action of acid reagents on, 10. 
a^-£thylenio carbinols, alkaline fission of, 756. 
Ethyl*2-ethoxyethylamiDe, and its picrolonate, 313. 
Ethyl-2-ethoxyethylcarbamyl chloride, 313. 

1-Ethylcyciohexane, l-nitro-l-2-cyano-, 1607. 
3-Ethylhexane-l-carhoxylic acid, 3 -2 -amino-, 2 -benzoyl deri\ 
ative, ethyl ester, 223. 

3- 2-bromo-, and l:3-2'f/ibromo-, 224. 

1- £thylc7/c2ohexene, l-(l-nitro-2-hydroxy)-, and its 2-acct'l 
derivative, 1474. 

3- Etbylhexyl cyanide, 3-2-amino-, 2-benzoyl derivative, 223. 

Ethyl-y-hydroxypropylaniline, 311. 

2- Ethylideneoyanoacetic acid, l;2-^f?‘amino-, 2-benzoyl deri\ 
ative, ethyl ester, 1375. 

S-Ethylidenemalononitrile, l;2-dramino-, 2-benzoyl dorivuti\< , 
1375. 

4- Ethylimino-5:5-dimethyl-8-thiohydantoin, 4-2'-hydroxy-, (JSt; 

4- Ethylimino-5:5-(3'-methylc//riopentamethylene)-9-thio- 
hydantoin, 4-2'-hydroxy-, 086. 

2- Ethylimino-5:5-c}/cZopentamethylenehydantoin, 

2-2'-hydroxy., 686. 

4>£thylimino-5:5-cvc/opentamethylenehydantoin, 

4- 2'-hydroxy-, 686. 

4«Ethylimino-5:5-c//c/opentamethylene-2-thiohydantoin, 

4-2'-hydroxy-, 086. 

Ethylmagnesium bromide, reaction of, with ni tro- paraffin. 
1492. 

3- Ethyl>2-methylene-6:7-benzbenzthiazoline, 950. 
3*Ethyl-2-methylenebenzselenazoline, 950. 

3- Ethyl-2-methylenebenzthiazoline, and 5-chloro-, 956. 

1- £thyl-2-methylene>l:2>dihydro(iuinoline, 950. 
l*£thyl-4-methylene*l:4-dihydroqiiinoline, 956. 
aV-Ethyl- 7 >-methylsulphonylbenzamidine, and its salts, 1112. 
j-V-EthylmorphoUne, 2-hydi'oxy-, methochloride urethane, 

181, 

Ethyl-2-nitroethylamlme, and its picratc, 1489. 

5- Ethyl"3*(2-nitro-2-hydroxy methylbutyl )tetrahydro-l:3- 
oxazine, 5-nitro-, 920. 

Ethyl-2-nltropropylamline8, hydnxthlorides, 1489. 
Ethylpentacblorodisiloxane, 1591 . 
p-Ethylphenol, p-2-bromo-, 1572. 
7>-Ethylphenyldiallylphosphine, 1448. 

yi-Ethylphenyldi-jS-methylallylphosphine, and its mercuri 
chloride, 1449. 

p«Ethylphenylmethyldimethyl-j3-allylpbosphonium iodide, and 
its mercuri-iodide, 1449. 

Ethylphosphonic acid, 2-bromo-, diethyl ester, 1467. 
Ethylpiperidine, /5-chloro-, methiodide, 59. 

2- Ethylpropane-l:3-diol, 2-nitro-, additive compound of, with 
hexamethylenetetramine, 925. 

a-Ethyl-a-i>opropylacetamidine, and its hydrochloride, 741 . 
Ethylt/?cpropylamine, /5-chloro-, hydroc^hloride, 59. 
a-Ethyl-a-?sopropyI-a-n-hexyIacetamidine, 741 . 
Etbyltwpropyl-n-hexylacetonitrile, 741 . 

5- Ethylquinolme, 2:4-dichloro-, 909. 

4- £thylsnlphonylpyridine, 53. 

5- Ethyltetrahydro-l:3-oxazine, r)-nitro-, salts, 927. 
iV-Ethyl-l:2:3:4-tetrahydroqQinoline, jV-2-nitro-, 1488. 
y-Ethyltbio-n-butyronitrile, a-amino-, oxalate, 1612. 

6- i6-Ethylthioethyldithiohydantoin, 1012. 

Ethylthiol, 2-nitro., 1480. 

iV-Ethylthiomorpholine, A’-/5-chloro. and -hydroxy-, metho- 
chlorides, 60. 

6- Ethylthioiiaphthindole, 0-2-cyano-, 658. 
2-Ethyithio*4-phenylthiazole, and its hydrobromide, 1658. 
^-Ethylthiopropaldehyde dtnitrophenylhydrazone, 1611. 
4"EthyUhiopyridine hydriodide, 53. 

Ethyltrichlorotin. 1450. 

a^-Ethyuyi ketones, reaction of, with active methyl and 
methylene compounds, 1626. 

Eagenol, derivatives, sulphonation of, 124. 

Explosives, solid, thermal decomposition of, 1560. 

P. 

Flavylium wilts, mom)- and di-hydroxy-, 349. 

Fluorescence of aromatic hydrocarbons, quenching of, van der 
Waals complexes in, 130. 
quenching of, in solvents, 105. 
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Fluorine organic compounds, with amiiioacridines, 759. 
Formaldehyde, reaction of, with l-nitropropane and ammonia, 
924. 

Formic acid, chloro-, chloroalkyl esters, 178. 
Formimidowopropyl ether hydrochloride, 101. 

Formylacetic acid, amino-, acetyl derivative, ethyl eskT, 2:4- 
dmitrophenylhydrazone, 101. 

2'-Formylethylidene-l-chloro-SJ-naphthylamine, 2'-chloro-, 543. 
6-Formylthionaphthindole, and its picrate, 657. 

Friedel-Crafts reaction in carbazolo series, 937. 

with l-acyl-2:3-dimethylindolcs, 1631. 

<i-FractoBe, isolation of, from mixed sugars, 1461. 

Fungi, antibiotics produced by, 1021. 

Furan compounds mom sucrose, 396. 

Furfuraldehyde, hydrogenation of, to furfiiryl alcolml and 
sylvan, 1068. 

Furfuryl alcohol, production of, from furfuraldcliy<lc, 1068. 
a)-Furfurylideneacetophenone, p-amino-, 1420. 
^-2-Furoylpropionic acid, and its ethyl ester, 1194. 
^-2-Puroylpropionitrile, 1194. 

2-Furyl jS-dimethylaminoethyl ketone cyanohydrin, 1 194. 
2-(2-Faryl)ethanesulphonic acid, 1-araino-, and 1-tiilro-, 
sodium salt, 1484. 

2-(2>Furyl)hexane, 1-nitro-, 1499. 

4-(2'-Furyl)-2-methylthiazole, and its hydrobromidc, 16.')8. 
4-(2">Furyl)thiazole, 2-amino-, 1658. 

Fufinriinn javanicum, antibact(?rial pigment from, 1021. 


G. 

Galactose, determination of, 1048. 
u-Galacturonic acid, derivatives of, 1340. 

Gallocatechin from green tea, 35. 

Gases, adsorbed, redistribution and de8ori)tioii of, 401. 
heat of adsorption of, on chromic o.xide- manganous oxid<‘, 
1244. 

streams of, beat o.xchange between solid granules and, 416. 
Geraniolene, sulphide, 1529. 
sulphide metbiodide, 1531. 

'/^sulphide, 1538. 

*>i{/artina stellaia, polysaccharide of, 1622. 

Glucose, 3-chloro-, 16. 

l-'/-Glucosidoglyoxaline-4:5-dicarboxylic acid, diamide of, and 
its tetra-acetyl derivative, amide, and methyl ester, 380. 
Glycerides, natural mixed, configuration of, 773, 

-V-ray and thermal examination of, 554. 

Glycerol, thallous derivative, 1381. 

Glycine, conductivity and viscosity of, 76. 

Glycogen, structure of, 1 399. 

GlycoIIic acid, dithallium salt, 1381. 

Grignard reagents, action of, on esters of optically-activc 
carboxylic a(!ids, 436. 
on a-nitro-olefins, 1494. 
sohitions, experiments with, 847. 

Guaiaretic acid, diacetyl derivative, 9.50. 
4'Guanidino-2-benzyloxypyrimidine, 6-chloro-, and its picrate, 
7.33. 

4-Guanidiao-2:6-dibenzyloxypyrimidine, 733. 
4-Guamdino>2>hydroxy-l:3-'diaza-acridine, and its salts, 734. 
4-Guanidino>2:6-^thydroxypyrimidine, 733. 
4-GuanidiDopyrimidine, 2:6-d/chloro-, 733. 

H. 

Halogens, addition of, to unsaturated compounds, 628, 030, 
1168. 

kinetics of substitution by, in aromatic compounds, 1 167. 
Halogen compounds, positive, homolytic bond fission of, 492. 
Heptadecane, 1-amino-, and its acetyl derivative, 199. 

9-amino-, m-nitrobonzenesulphonate, 199. 
Hepta-3:5-dien-2-one 2:4-6?tnitrophenvi8emicarbazonc, 1390. 
[2:2:l]bic.vcfoHeptene-2, oxidation of, 818. 

0-Heptoxyamine, and its hydrobromide, 966, 
Heptoxy-3:5«dtmtrobenzamide, 967. 

Heptoxyguanidine nitrate, 967. 

Heptoxymethane, 966. 

a*7i-Heptylaoetoacetic acid, ethyl ester, 1030. 
O-Heptylhensamidoxime, 968. 


a-n*Heptylideneacetoacetic acid, cthvl faster, proparatioji of, 
1038. 

l*n-Heptylidene-n-heptaldehyde <! initrophenvlh ydrazone, 966. 
7i*Heptylphosphonic acid, tliethyl ester. 1466. 

Heterocyclic compounds, (‘<uifigurati()n of, 4. 

synthesis of, Hofmann reaction a}>plicd to, 378. 
Hexachlorodisiloxane, organic denvativ<^s of, 1590. 
Hexadecylethylamine, and its hydrochloride, 199. 
Hexamethylenediammonium bistoluene-p'Sidphon Uc, 503. 
l:6-Hexamethylenedi-f>-benzamidoxime, 9<iS. 
l:6-Hexamethylenedioxydiamine fi/hydrochloridt‘, 967. 
l:6-Hexamethylenedioxydiguanidine //? nitrate, 967. 
5:5-c//rf(>Hexamethylene-2:4-dithiohydantoin, 683 . 
Hexamethylenetetramine, additive <u)ni]K)und (»f, with 2 nitm- 
2-cthylpropanc-l :3-diol, 925, 
c/zc/oHexane, I -chloro-2-ihioiyano-, 1 529. 
c;/c/oHexane series, akrohols of, 205. 

Hexathallium inositol, 1382. 

/;///7oHexcne thiocfioxide, 1530, 

A^-r//f7nHexene nudhyl ether, 105. 
c.vr/oHexenylbutylcyanoacetic acid, ethyl ester. 773. 
c///7oHeX“l-euyl-a-i.‘;obutyric acid, brtuno lactone, I Km. 
c,vr5»Hex-l-enyl-a-?w>butyrolactone, 2-liydr()\y-. 1166, 

l-<VA7nHexenylpentane-l -carboxylic acid, 773. 
Hex-2-en“4-yne-l:6-diol, and its l)isplienyhirethiine, 1589. 
Hex-3-8n-5-yn-2-ol, and its fi-niiphthylurethaiu'. 1585. 
a-Hexoamidine, 5-utniuo-, 5-henzovl derivativt', hvilnadiloride. 
13/7. 

;V-Hexovanillylamide, d/'rivatives of, 615. 

Hexoxyamine hydrobromide and hydnx'hioritie, 96t). 
Hexoxydiguanide Jiitrat.(% 966. 

Hexoxyguanidine nitrat(\ 966. 

Hexoxymethane, 966. 
r//r/oHexyl /wamyl Hul(thide. 40. 
cffdohi*\i'ny[ sulphide, 1529. 

})lienyl sulphide, 4<>. 

c//rh/Hexylacetic acid, 2-hydroxy-, hutorie, and its phenyl- 
Iiydrazide, 1164. 

JV-cz/c/oHexyl-l-amidino-n-heptane, and its bythochh/ridc, 
1115. 

ryc/oHexyl ivoamyl sulphone, 40. 
iVw^yr/oHexylanisamidine, and its sails, 1115. 
cyc/oHesyl-a-i.s-obutyric acid, l:2-7?hydroxy-, Inetone, 1165, 

0- Hexylcholestanone oximtj, 966. 

(>-HexylchoIestenone oxime, 966. 
cyr/oHexyl-?<-decylamine bydrobromide, 201. 
AVyr/oHexyl-aa-diethylacetamidine, and its (l^loridc*. 1 II I. 
ryc/ryHexylglycotlic sulphoue, 39. 

c'/< 5»Hexyl-/?-hexylamine hydnxhloride, 2ni. 

I !(i /oHexylmethyleneimire, 1118. 

« 7 /r/eHexyl-a-nonylamine hydrochloride, 201 . 
ry(7oHexyl-??-octylamine hydi-oehloridc, 201. 

1- r -r/oHexylpentane-l-carboxylic acid, and its y> l)romo{)hen- 
aeyl csttT, 772. 

1- ryr/oHexylpent-l-ene-l-carboxylic acid, and its p-hronio- 
phenaeyl cstiT, 772. 

AVyc/oHexylphenylacetamidine, and its i)ier,it<*, 1 115. 
ci/rloHexyl phenyl sulphone, 40. 
w-Hexylphosphonic acid, diethyl ester, 1 4t)6. 
a-r//c/oHexyl-/?-propylacrylic acid from ryr/ohcxanol, 772. 
ryc/oHexylthioglycollic acid, 39. 

Hoimann reaction in Hyntho.siH of hetei o<>yrlie, eomjHmnds, 378. 
Hoinovanillin, 1692. 

2- Homovanillylr.yc/ohexanol, 1696. 

2-HomovaniUylidenefV/cfohexanone, .ual its 2-0-aeetyl dejiv- 
ative, 1 6)96. 

Hydantoiu, and its derivatives, Hf)eetra f)f, absorption, 331. 

4-Hydrazino-5:5-dimethyl-2-thiohydantoin, 686. 
l-Hydrindenol, and its derivatives, {>5. 

Hydrocarbons, aromatic, cataly.sed gas-])haHe reactions of, 928. 
tluoresceneo <]iien( hing of, van derW a/ils’ complexes in, 130. 
polyc}-^/;!!/:, 940. 
metaboJi.sm of, 801. 

Hydrogen, reduction of oxides by carbon monoxide and, 12.19. 
Hydrogen sulphide, reaction of, with olefins, infra-red analysis 
applied to, 1 540. 

with olefins, lii-isoprones, and rubber, 1532. 
Hydroxymethyldialkylamines, condensation of, with nitro- 
paraffins, 1511. 

Hyodeoxycholic acid, epimeridc of, 812. 



1734 


Index of Subjects. 


1 . 

Xminazoies, synthesis of» 96. 

Indene, derivatives of, 1697. 

recovery of, from heavy naphtha, 369. 

Indene, 6-nitro>, synthesis of, 95. 

Indoles, formation of, from substituted cinnolines, 1649. 
Indole series, synthesis in, 558. 

Inositol, A^jcathallium derivative, 1382. 
lodination, catalytic. See Catalytic iodination. 
of aromatic compounds, 1167. 

Iodine, kinetics of reaction of, with copj)er, in various solvents, 
1119. 

solutions, reaction of, with tin, in organic solvents, 736. 
Iodine chloride, iodination by, 1167. 

Periodates, oxidation of carbohydrates by, 1427. 

0-Ionone 2:4-dinitrophonylscmicarbazone, 1390. 

Iron thiosulphate, complex, 335. 

Iron organic compounds 

Ferric thiocyanate, complex, in ethyl-alcoholic solution, 336. 
Isotopes, thermiKlynamicR of, 562. 


J. 

Javanicin, and its derivatives, 1021. 


K. 

Kaempferide, 124. 

t/«)Kaempleride, and its acetyl derivative. 124. 

Kaempferol methyl ethers, synthoaia of, 122. 

3-Keto-SS-acetyl-2:3-dihydrobenzthiazine, and its 2:4 dinitro- 
phenylhydrazone, 1621. 

8- Keto-2-bensoyl>2:3-dihydrol)8nzthiazine, 1621. 
SS-Keto-l-benzoyl-l:2-dihydrobenz)v)othiazole /S’-oxidc, 764. 

3- Keto-n-batyl (;yanide 2:4-</mitrophonylhydrazone, 1507. 

9- Keto-5«carbethoxy-2-ethylmorphan ethobrornidc, 400. 

2-Keto-3:12>diaza>2:12-dihydroacTidine, i-amino-, and its 

hydrochloride, 733. 

9'-Keto-3':4"-di-^er^-butyl-8'-azaphenalino(7':8':2:3)H/r-indole, 

2'(or 5^)-bromo-, 746. 

2'(or 5')-nitro-, 74.5. 

2-Keto>l-|3-diethylaminoethyi-l>/3-carbethoxyMopropyl* 
l:2:3;4-tetrahydrouaphthalene, 400. 

4- Keto-6:7-dimethoxy-l-veratryl-l:2:3:4-tetrahydronaphthal- 
ene, 951. 

1- Keto>6:8-dimetbyl-l:2:3;4-tetrahydronaphthalene,5-hv<lroxv-, 

537. 

2- Keto>4:4-dimetbyl-2;3:5:6-tetrahydro*l:3:4*ozadiazinium 

chloride, 181. 

5- Keto-2-ethoxy-3-aoetyl-2-methylteirahydro-oxazole, 100. 

3- Keto-6>(2'-furyl)>2:3:4:5<tetrahydropyridazine, 1 1 94. 
3-Ketoheptoic acid, methyl eater, and its aernicarhazone, 1108. 
2-Ketocv('/!ohexylacetic acid, and ita 2:4-dinitrophenylhydraz- 

one, 1164. 

2-KetO(7/c/ohexyl-a-iJ!(obutyric acid, and its 2;4-<Unitroj>henyl- 
hydrazone, 1166. 

2-Ketoc//r^ohexylmalonic acid, and its derivatives, 1162. 
2-Ketor</r/c)bexyl>a-propiouic acid, 2-hvdroxy-, and its lactone, 
1164. 

^-Keto-j5-3-indolylpropionic acid, olhyl ester, 558. 
l>Xeto»S*methoxy-6;8-dimethyl-l:2:8:4>tetrahydronaphthalene, 

and 2-brorao-, 537. 

l-Keto-5-metboxy-6:8*dimethyi>l:2:3:4-tetrahydronapbthalene- 
2-carboxylic acid, ethyl ester, 538. 
l-Keto-5-methoxy-6:8-dimethyl-l:2:3:4*tetrahydronaphthalene- 
8-glyoxylic acid, ethyl ester, 538. 
l-Keto>5-methoxy-6:8-dimethyl*l:2;3:4-tetrahydronaphthalene- 
2*a-propioDio acid, and ita lactone, 539. 
12>Keto-9-methoxy-2:3:5:12-tetrahydro-|3>Quinindene, 635. 
3>Keto<>2«>methyi-a-amyl cyanide 2 :4-^/ j nitro])hen vlh vdrazone, 
1507. ‘ * 

2«Keto-l-methyl*l-jS>diethylaminoethyl-l;2:3:4-tetrahydro- 
naphthaiene, 401. 

6*Keto*2-methyl-4:5-dihydroiminazole>4-carboxylio-l-malonic 
acid, ethyl ester, 100. 

£*Keto-l-methyl-l:2-dihydro-i)-phcnanthroline metb iodiile, 
1661, 

9-(6'-Eeto-l'-methyl-l':6'-dihydro-3'-pyridyl)phenanthridine. 
and 3-nilro-, and their derivativea, 1414. 


9-Xeto-6-methylo2-ethyl-6:7-bensomorphan ethobromide, 401. 
Ketones, reaction of, with nitro-paraffins, 1517, 
reduction of, by primary alcohols in presence of alkalis. 
760. 

l«Keto-8-(4-nitro*2'-methoxyphenyl)-2-methyltetrahydro- 
phihalaiine-4-acetie acid, and its methyl ester, 464. 

1- Keto-3-(2':4'-dinitrophenyl)-2-methyltetrahydrophthalazine- 

4-aoetlo acid, 833. 

2- Keto-l-phenylacetyl-l:2-dihydrobenzisothiaBole /S-oxide, 764. 
2-Keto-l-propionyl-l:2-dihydrobenzt5othiazole iSf-oxide, 763. 
12-Keto-2:3:6:12-tetrahydro-iS-<iuinindene, 9-chloro-, 636. 
2-Eeto-4:4:6-trimethylhezahydropyrimidine, and its dibenzoyl 

derivative, 1398. 

Kinetics, chemical, 694. 
of anionotropic rearrangement, 1096. 


L. 

Lactic acid, dtthallium salt, 1381. 

Lactones, unsaturated, 1176. 

Lfievnlic acid, sulphanilamidothiazolos jBrom, 690. 
a- and /S-Lanostadienes, 1470. 
tsoLanostadiene, 1471. 
a-Lanostatriene, 1470. 
y-Lanostatrienes, 1471. 
a- and y-Lanostenes, 1469. 

Lanosterol, 1467. 

Lanthanons, relation of, to yttrium, 1084. 

Lectures delivered before the Chemical Society, 502, 853, 1422 
1700. 

at Joint mooting to commemorate Centenary, 1278. 

Light, ultra-violet, absorption of. See under Spectra. 

See also Sunlight. 

Liquids, density, vapour pressiire, and viscosity of, 822. 
Liversidge Lecture, 562. 

Lucerne seed, galactomaiman of, 1443. 

Lupinm aUrm, galactan from, constitution of, 1225. 


M. 

Macro molecules. See under Molecules. 

Magnesium organic compounds 
Magnesium ethyl bromide, reaction of, with nitro-paraffins, 
1492. 

Magnetic properties of polymcrides, 1350. 

Malaria, chemotherapy of, 1034- 
Manganese 

Manganous chromic oxide, heats of adsorption of gases on. 
1244. 

Mannicb reaction with monosubstituted acetylenic compounds, 
1578. 

9-'/-MannopyrBnosidoadenine, and its picrate, 357. 
9-j3-^-Mannopyranosidoadenine, 355. 

9-</-Mannopyranosido-2-methylthioademne, and its 9-tetra- 
aeetyl derivative, 357. 

9-'/-Mannopyranosido-2-metbylthiohypoxanthine, 357 . 
Mannose, determination of, 1048. 

Memorial lecture, Ernst Julius Cohen, 1700. 

Mesaconic acid, y-bromo-, diethyl ester, 1179. 

Mesitylene, wcoW'-^rtiodo-, 1237. 

Mesityl oxide 2:4-Jinitropbenylsemioarbazone, 1390. 
Metabolism of polycyclic compounds, 801. 

Metals, dissolving, reduction by, 102, 1642. 

of nickel, rare-earth, and zirconium groups, analysis of, 1347. 
Metallic halides, complex, crystal structure of, 1662. 
Methacrylic acid, methyl ester, diamagnetic susceptibility and 
magneto-optic rotation of, and of its polymerides, 1350. 
Methane, frinitro-, derivatives, synthesis of, 1234. 

Methionine, synthesis of, 1609. 

7«Methoxy acridine, 5-amino-2-cvano-, and 5-chloro-2-cyano-, 
639.. 

r»-amino-3-cyano-, and 5-chloro-3-cyano-, 640. 
a-Methoxyacrylic acid, 1033. 

jS-Methoxyacrylic acid, and its 2:4-dinitrophenyIhydrazone, 
1032. 

2-(2'-Methoxyanilino)Mndolinone-3-acetic acid, 2-4'-nitro-, 
464. 

2-Methoxyanilinoaninolme, 4-chloro-, 905. 
4-Methoxyanthranilamide, 804. 
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4- M6tIioxyaiithraiiilie add, 894. 
preparation of, 1038. 

5- MetbozyanthraiiiUc add, preparation of, 894. 
Hethoxy-l-aianthraauinones, 544. 

1 - Methozy-l:8"-asonapbthalene, 4-nitrO', 78. 
4'-Methoxy-l:l^-asonapbtbale]ie, 4-mtro*, 78. 

4-Metboxybeniaiiiide, 2<nitro-, 894. 
2'-M6thoxy-l:2-benxanthracene, and its picrato, 940. 
2"-Methoxy-l:8-benxanthrB(iuinone, 942. 

4-Methoxybenioic add, 2-nitro-, preparation of, 1038. 

2- (2'-Metboxybenxoyl)-l-naphtboio acid, and its acetoxy- 
lactone, 943. 

^•4-MethoxybeAzoylpropionamide, 1195. 

^-3- and -4-Methozybenzoylpropionic adds, 1194. 

^-3- and -d-Metboxybenzoylpropionitriles, 1193. 
3>Metboxybenzylacetone, and its somicarbazone, 196. 

4- Meiboxybeuxylacetoxime, 196. 

3- Methoxybatane, 2-amino-, and its derivatives, 1477. 

2-nitrO', 1476. 

4>Methoxycinnoline, 6-chloro-, 1655. 

G-Methoxycinnoline, 4-chloro-, 920. 

6- BIetboxy-l:2:7:8-dibenxocarbazole, 3-amino-, and 3-nitro-, 78. 
(t>-Methoxy-2:4-dibenzoylresacetophenone, 1683. 
2'-Metboxydietbyl ether, 2-nitro-, 1476. 

2- 9Sethoxy-9:10-dihydrophenanthrene, 3-hydroxy-, 3-acetyl 
derivative, 1696. 

9-Methoxy-2:3-dihydro-^*q.ainindene, 12-amino-, and 12- 
chloro-, 636. 

12-hydroxy-, 1037. 

6>Methoxy-2:3-di-p*methozyphenylindene, 1 697. 
2>Methoxy-3:5-dimethylacetophenone, 538. 
2'-Methoxy-9:10-dimethyl-l:2-benzauthracene, 940, 942. 
j3-(2-Methoxy-3:5-dimethyibenzoyl)acrylic acid, and a-chloro-, 
ethyl ester, 538. 

a-{2-Methoxy-3:5-dimetbylbenzoyl)butane-i3y-dicarboxylic acid, 

.538. 

a-(2-Methoxy-3:5-dimethyIbenzoyl)biitane-^y-tricarboxylic 
acid, ethyl ester, 538. 

^-(8-Methoxy-3:5-dimethylbenzoyl)propionic acid, 536. 
4"-Methoxy-4:5-dimethyldipbenylamine, 3-amino-, and its 
]>icratu, and 3-nitro-, 914. 
y-(2-Methoxy-3:5-dimethylphenyl)butyric acid, 537. 
a-(^~2-Methoxy-3:5>dimetbylphenyletbyl)-a'-methyisuccinic 
acid, 538. 

5- BIetboxy-6:8-dimetbyl-l;2;3;4’tetrabydronapbtbalene, 537. 
4MM[etboxydipbenylamine-2-carboxylic acid, 4-cyaru)-, 640. 

5>cyano-, 639. 

1- Metboxy>4-etboxy<3-(2':4'-dinitropbenyl)-3:4-dibydro- 
Pbtbalazine, 835. 

B-Metboxy-S-etbylQuinaldine, 4-hydroxy-, 1038. 
Hethoxyethyl-l:2:3:4-tetrahydroacridones, 1 038. 

3- Metboxyflaven, 7-2':4'-/rihydroxy-, 2':4'-di benzoyl deriv- 
ative, 1684. 

3-Methoxyflavylium chloride, 7-2':4'.<r/'hydroxy-, 2';4'-di- 
benzoyl derivative, 1684. 

7- Methoxyflavylium salts, 349. 

3-Methoxyfiavone, 5:7:4'-/r<by(lioxy-. See iyoKaerapf(«ri»lc. 
4'-Methoxyflavone, 3;5;7-/r/hy<lroxy-. See Kaempforidc. 
Metboxy-3-n-heptyl(iuinaldines, 4-hydroxy-, 1038. 

2- Methoxy-A^-c?/c/ohexenone 2:4-(/<nitroplu!nyIhydmzone, lO."*, 
2'-Methoxy-9:l(iK/<hydroxy-9:10-dimethyl-9:10-dihydro-l:2- 

benzanthracene, 942. 

5- Metboxy-l:4-</ihydroxynaphtbalene, 354. 

6- Metboxy-2-p-metboxyphenylindene, 1 697. 

3- Methoxy-2-methyl-«-butyl alcohol, 2-mtro-, 1477. 

4- Metboxy methyl-2-(2-chlorovinyI )-l;3-dithia-2-arsac v(7o- 
pentane, 595. 

1- Methoxy-4-methylcvr7ohexene, 1 647. 

6-Methoxy-2-methyl-^methoxymethylpyridine, and its 

picrato, 133. 

2- Methoxy-4-methylpenta-l:3-diene-l-carboxyIic acid, 3- 

hydroxy-, lactone, 807. 

2-Methoxy-4-methylpenta-l:4-diene*l<carboxylic acid, .3- 

hydroxy-, lactone, and its 2;4-dinitrophcnyIhydrazorie, 807. 
3>Metboxy-6-methylpicolinic acid, 133. 

2- Methozymethylpropane-l:3<‘diol, 2-amino-, picrolonatc, and 
2-nitro-, 1477. 

3- Metboxy>6-metbylpyndazine, and its hydrochloride, 243. 
2'-Methoxy-3-methyl-2-8tilbazole, and its methioidc, 1699. 
4'-Methoxy-2-methyi-2-8tilbazole, and its methiodide, 1698. 


Methoiymethyl-l:2:3:4-t6trahydroaeridone8, 1037, 1038. 
6-Hethoxy-2*metbyltetrahydrot.>(oqainoline, 1 93. 

1- Meiboxynaphtbalene, 2;4:6-^rinitr(j-5-hydro.xy-, 5-aoetyl 

derivative, 353. 

5- Methozynaphthalene, S-amino-l -hydroxy-, 1 -acetyl deriv- 

ative, 354, 

1-hydroxy-, 1 -acetyl derivative, nitration of, 350. 

6- Methoxynaphthalene, 2-cyano-, 162. 
5-Methoxy>l:4-naphthaqiunoney and its derivatives, 354. 
6*Methoxy-2*naphthimino-ether d>hydro(rhloride, 1(>2. 
5-Methoxy-l-napbthoi, nitration of, 350. 
5-Methoxy-l-naphthol,mono- and rit-nitro-derivatives, and their 

1 -acetyl derivatives, 352. 

2- (2'-Methoxyn8phthoyl-l')-benzoic acid, 942. 
5-Methoxy-l-naphthylamine, 2:4-dmitro-, and its acetyl 

derivative, 355. 

2-Methoxy-l-naphthylmethylene-a- and -^-naphthylamiDef, 
1047. 

2-Metboxy*l-naphtbylmethylenexylidines, 1047. 

o-Metboxy-p-nitropbenylhydrazine, 465. 

4-Methoxy-3-(2':4'-</ mitrophenyl )-4-methyl-3:4-dihy dro- 
phthalazine, 1 -hydroxy , 836. 

2- Uethoxypbenantbrene, 3-hvdroxy-, and its acetvl derivative, 
1697. 

t^i^Methoxyphenyl cyanide, ])ro])aration of, 161. 
4-Methoxyphenyl cyanide, 2-nitro-, preparation of, 1038. 

3- Methoxyphenylalanine, j3-4 -hydroxy-, prepfiraiion of, 1695. 

iV-p-Methoxy phenyl-JS’ -ne-aminophenylffuanidine, hydro- 

chloride, 916. 

j8-3-Methoxy phenylbuty ramide, 1 96. 
y-(p-Methoxy phenyl )butyric acid, tt-amino-. 1572. 
p*Methoxyphenylcyanamide, 916. 

p-Metboxyphenyldiallylphosphine, and its ni<^rcuri<*ldoride, 
1448. 

iV^-p-Methoxyphenyl-.V'-p-i3-diethylaminoethylamiaophenyl- 
guanidine, 916. 

3-(2'-Methoxyphenyl)-8:4-dihydrophthalazine-4-acetic acid, 1- 
hydroxy-3-4'-amino-, l-ljydroxy-3-4'-niiro-, and their deriv- 
atives, 464. 

3- {2'-Methoxyphenyl)-3:4-dihydrophthalazine-l-8ulphonio-4- 
aceiic acid, 3-4''nitro-, sodium hydrojicm salt. -163. 

7>-Methoxyphenyldi-^'-metbylallylphosphine, a»>d its mt'reuri- 
chlf)rid(.', 1449. 

w-MethoxypheuylethynylcarbinoI, 348. 
w-Methoxypiienyl ethynyl ketone. 34s, 

3^-MethoxyphenylindoIe, 3-4'-hydroxy-, and its «lerivativt«^, 
1695. 

4- Methoxy-4-phenyl-3-methyl-«-butyl eyanidc, 3-nitro-, 1507. 
p-Methoxypbenylmethyl-di-^-methylallylphosphonium iodide, 

aiid its salts, 1-149. 

2-Methoxy-3-phenyl-l-melhylphthalaz-4-one, 4'-amino-, and 
its a<oty] de^rivative, 4''-nitro-, 467. 
2'-Il^ethoxy-3-phenyl-4-methylphthalaz-l-one, 4'-amin(»-, and 
its acetyl <icrivativc, 4t>7. 

4'-nitro-, an<l its picrato, 46(). 

2'-Methoxy-A-phenyl-3-methylphtbalimidme, 4'-amitio , and 
its a<*eiyl derivative, 468. 

y-(Methoxyphenyl)-a-methyl-K-propylamines, salts jd‘, 196. 

2- m-Methoxypheuyl-iS-naphthopyrylium salts, 348. 
>'V-p-Methoxyphenyl-A"-m-nitrophenylguanidine, and its hydro- 
chloride, 916. 

2'-Methoxy-3-phenylphthalaz-l-one, I'-amino-, an<l its a<etyl 
d(;rivative, 466. 

4'-nitro-, and its })icrate, 464. 

2'-Methoxy-3-phenylphtbalaz-4-one, 4' arnino . and its acetyl 
derivative, and 4'-nitro-, 465. 

2'-Methoxy-A’'-phenylphthalimidiiie, 4' amino-, and its acetyl 
derivative, 46(). 

p-Metboxyphenylpropaldebyde, and its wMiiicarbazoia , 1572. 

0- Methoxyphenylpropiolic acid, dim<*riHatiori of, 224. 
a-(2-Methoxyphenyl)propylamine, picrate, 196. 
9-;>>Metboxyphenylxautben, 1 000. 

3- Metboxyphthalic acid, 6-nitro-, 355. 

S-Metboxypbthalic anhydride, (>-nitro-, 354. 

1- MethoxyG//r/opropane-l-carboxy amide, 1 < >34 . 

2- ]M[etboxypropiophenone oxime, 1 96, 

3- Methoxy-n-propyl alcohol, 2-nitro-, 1476. 
Metboxy-w-propylbenzenesulphonic acids, hydrc»xy-. See Di- 

hydroeugenolsuIphoni(j acids. 

6*Methoxyqainaldine, 4-8nbBtituted derivatives, 1552. 
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4-Methyl-8-(<tf-ainmodeeyl)thiazole, 1377. 


6-MethoxyQttinaldine-4-salphontc acid. 1533. 
y-Methoiyaninazolinc, 2:4-dichIoro-» and 2:4-«iihydroxy-, 899. 
and 7-Metbozyqainazolonea. 4-chioro>, 895. 

6- Methoxyquinotitte. and its Balts, 440. 

7- Methoxyqiiinoline, and its diohromate, 441. 

6- Mct2ioxyqiiinoUne-8-carboxylic acid. 440. 
/3-6*Metboxyqtiinolyl(4)acrylic acid. 1686. 

4-(8-Ilethoxy»6'*qmnolylamino)-2«>j6-diethylaminoethyiamino- 

6-methylpyrimidine. and its trihydrochloride, 1619. 

8- ( MethoxyqTiinolylamino)-6-methylpyriinidmes. 4-chloro-, 
1617. 

2- (Methoxyquinolylainino)-4-bydroxy-6-methyipyrimidines. 
1617. 

/3-6-Methoxyqiiinolyl(4)eihylamine, synthosis of, and its di- 
hydrochlorido, 1684, 1687. 

^6-Methoxyquinolyl(4)ethylgaanidiiie. synthesis of, and its 
nitrate, 1684, 1687. 

y-8-Methoxyqninolyl(4)propane, aaa-<ri(5hl()ro-j3*hydraxy-, 
1686, 

^-6-]ifetboxyquinolyi(4)propionamidine. synthe.sis of, and its 
lienzoate, 1684, 1687. 

^-6-MethoxyQuinolyl(4)propionio acid, and its derivatives, 1686. 
p-Methoxystyrylmetbyloarbinol. and its a-naphthylurethanc, 
1096. 

Methoxy-l:2:3:4-tetrabydroacridones, 1036, 1037. 
y-6-Blethozy-l:2:3:4-tetrahydro-l-napbtbylidenecrotonic acid, 

and its methyl ester, 1364. 

7- Metboxytetralin, 1-amino-, and its hydrochloride, 196. 

7- Methoxy-l-tetralone oxime, 196. 

1- Hethoxythioxantbone, 4-ammo-, 1234. 
a-(4-Methoxy-m-tolyl)ethylamme, picrate, 196. 

Methyl 2*arainoethyl ether, picrate, 1476, 1477. 

2-arninoethyl sulphide, 1479. 

2:4-diamino-2-methylamyl ctlu'r, and its bis-2:4-dinitro- 
nhenylurea derivative, 1492. 

2-oenzoyloxyethyl sulphide, 709. 

^-Iwnzovlpropimino-cther hydrochloride, 1195. 

2-benzykTninoothyl sulphide, and its salts, 77 J. 
4-hroinonitro-2-nitro-2-methylarayl ether, 1491. 
cyanide, amino-, and its derivatives, 1371. 
ether, n^action of, with benzene, 928. 

2;3-rftmorcaptoi)ropyJ ether, .')94. 
nitro-<«r/.-butyl ether, 1476. 

2-nitro<dhyl ether, 1475. 

2-nitro(^thyl 8ulj)hide, 1479. 

2:4-dmitro-2-methylarnyl ether, 1491. 
2;4-f/uutro-2-methylamyl sul])hide, 1492. 

2-nitro-l-inethyl[)ropyl sulphide, 1478. 

2-nitro-l-phenylethyl sulphide, 1479. 

2-nitro-] -phenyl-w-propyl ether, 1476. 

2-nitro-w- and -I’^io-propyl ethers, 1476. 

2-nitropropyl sulphide, 1479. 

2-phenoxyethyl sulphide, 770. 

3- Methyl l:2-aoetone 5:6-anhydroglttoo8e, preparation ot; 1677. 

2- Methyl acetone L-arabinose, and its anilide, 1344. 

3- Metbyl l:2-aceione /-arabinose, 1063. 

8- Metbyl l:2-aoetone glucofuranose barium 6-sulphate, 1677. 
2-Metbyl 3:4-acetoQe /l-methyl-i.-arabopyrano8ide, 1343. 
6-Methyl 3:4-aoetone jS-methylgalactoside, and its barium 2- 

sulphate, 1677, 1678. 

4- Methylacetophenone, 3-aminO', 3-acctyl derivative, 3- 
brorno-, 5-broni<)-2-amino-, -2-hydroxy-, and -2-nitro-, 5- 
chloro-2-araiiio-, and -2-nitro-, 3*chloro-2-nitro-, 2- and 3- 
iiitro-5-amino-, 2-nitro-3-amino-, and their acetyl deriv- 
atives, 229. 

4-Methyl-2-(a>-acetyl8nlphamlamidodecyl)thiazole, 1377. 
4-Methyl-2-(l'-aoetylsulphamiamidoethyl )thiazole, 1376. 
4-Methyl-2-(2'-acetylsalphanilamidoethyl)thiazole, 1376. 
4-Metbyl-2-acetylsulphanilainidomethylthiazoie, 1373. 
4-Methyl-2-(3'-acetylsalphanilamidopropyl)thiazole, 1377. 
lO-Methylacridinitim halides, chloro- and iiuoro-amino-, 762. 
a-Methylaltroside, 2-bromo-, 16. 

2-ehloro-, 14. 

4-Methylamino-2-iV-be&zenesttlphoiiylcarbamyldiphei}yl sul- 
phide, and its nitroso-derivative, 1232. 
2-Methylamino-6-benzyloxypyriiiiidine, 4-chloro-, 732. 
4-Methylamino-2 -carboxydiphenyi sulphide, and its acetyl 
derivative, 1232. 

4-Methylamino-2'-carboxydipbenyl sulphide-3-stUpbonic acid, 
1233. 


2-Methylamino-4:6-dibenzyloxypyrimidiiie, 732 . 
4-Methylamino-2:6-dibenzyloxypyrimidine, 732. 

8-Methylamino-8:7-dimethylacridine, 2-amino-. 249. 

Methyl 2-aminoethyl snlphone, 1479. 
4-Methyl-2-(l'-a]mnoethyl)thiazole, 1 375. 
4-Methyl-2-(2'-aminoethyl jthiazole, 1376. 
2-Methylamino-4-hydroxydiaza-aoridme, 734. 
2-Methyiamino-4:6^thydroxypyrimidine, 732. 
4-Methylamino-2:6-dthydroxypytimidine, 732. 
l-Methylamino-7-hydroxytetralin, JV^-methylurethane, 195. 

1- Methylamino-b-methoxynaphthalene, 2:4:8-<nnitro-, 355. 
4-Methyl-2-aminomethylthiazole, 1373. 
4-Methyl-2-aminomethylthiazole-5-carboxylic acid, and iu 

hydrochloride, 1373. 

Methyl 2-aminopropyl sulphone, 1479. 

4- Methyl 2-(3'-amiQopropyl)thiazole, 1377. 

2- Methylaimnothioxanthone, 1233. 

Methylammonium thiocyanate, 394. 
JV-Methyl-iV^'-a-amylbenzamidiniam picrate, 385. 

5- Methyl-5-n-amyl-2:4-dithiohydantoin, 683. 
2-i\^-Methylamlino-4:6-d /hydroxypyrimidine, 1247. 
2-(Methylanilino)t>oindolmone-^acetic acid, 2-(2':4'-(^tnitro) . 

methyl ester, 833. 

6- iV-Methylamlino-8-methylthio-2-methylpariDe, hydrochlor 
ide, 947. 

A^-Methylanilinophosphonic acid, dibenzyl ester, 677. 
4-iV-Methylanilinopyrimidine, 2:6- and 4:6-f/ichloro-, 1247. 

2- Methylamlinoquinoline, 4-chloro-, 906. 
8-Methyl-2-amlinoethylidenebenzthiazoliiie, 6-nitro-, 957. 

1- Methyl-2-aniloethylidenedihydroquinoline, 958. 

3- Methyl-2-aniloethylidenethiazolidine, 959. 

2- Methyl i>-arabinose, and its derivatives, 1343. 

2- Methyl L-arabinose phenylhydrazono, 1344. 

3- Methyl i-arabinose, 1062." 

3-Methyl ^arabofuranolactone, 1063. 

3-Methyl /-arabonamide, 1064. 

3- Methyl ^-arabonanilide, 1063. 

2-Methyl /.soarsindoline, 5-chloro-, and its derivatives, 669. 
Methylation, biological, 424. 
iV-Methylbenzamidinium benzenesulphonate, 385. 

4- Methyl-2-(o-benzamidodecyl)thiazole, 1377. 

4-Methyl-2-(l'-benzamidoethyl)thiazole. 1375. 

4-Methyl-2-(2'-benzamidoethyl)thiazole, J 376. 

4-Methyl-2-benzamidomethylthiazole, 1 373. 

4- Methyl-2'benzamidometbylthiazole-5-carboxylic acid, and its 
ethyl ester, 1373. 

6- Methyl-l;2-benzanthracene, lO-hydroxy-, 10-acetyl deriv- 
ative, 765. 

2-Methyl-3-(2'-benzoyiviDyl)indole, 1631 . 
Methyl-ll:12-beiizthionaphthindoles, and their dipicrates, 657. 

5- Methylbenzyldimethylamine, 2-hydroxy-, i\^-methylurethane 
hydrochloride, 195. 

2-Metbylbenzyl-2-methyU>oar8indolimam bromide, 5-chloro-2- 
(chloro-2-bromo)-, 669. 

1- />-Methylbenzyliiaphthaleiie-2-carboxylic acid, 765. 

2- Mdthyl-6-bromomethylpyridine, 5-hydroxy-, hydrobromidc, 
1J3. 

3- Methylbata-l:3-diene, 2-nitro-, 1474. 

2- Methylbtitan-2-ol, 3-amino-, and 1- and 3-nitro-, 1519. 

3- Methylbat-3-ene, 2-nitro-l -hydroxy-, and its 1 -acetyl deriv- 
ative, 1474. 

3-Methyl-n-butyl cyanide, 3-mtro-, and its derivatives, L506. 
Methylbutylamine, 2-mtro-2-hydroxy-, hydrochloride, 928. 

5-Methyl-5-butyl-2:4-dithiQhydantoins, 683. 

3- Methyl-7i>butyl-l-phosphonic acid, cUethyl ester, 1467. 

4- Methylcarbazole, and 1 -chloro-, and their picrates, 1560. 
4-Methyl-7-carbethoxycinnoliQe ethiodide, 811. 

4-Methyl-5-oarbethoxymethylthiazole-2-aldehyde p-dimethyl- 

aminoanil methiodide, 1402. 

2-Methylcmnamic acid, 4-bromo-, 692. 

4-Methyloinnoline, and 6- and 7-chioro-, and their derivatives, 
811. 

4-Methyloinnoline8, preparation of, 808. 

7- Methylcinnolme, 6-bromo-4-hydroxy-, and 6- and S-ohloro- 

4-hydroxy-, 230. 

4-Methylci]inoliiie-7-carboxylio acid, ethyl ester, 810. 
l-Methyl-4-ciimoloii6, 6-chloro-, 1655. 
Meihyl-2-ohloro8thyl-2-acetoxyethylamiiie, and their deriv* 
atives, 517. 
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Hethyl-8-eliloro6thyl-2-[2-(2-chloroethozy)ethozy]etbylamine, 

and its salts, 532. 

ifetbyl-2H!liloro6thyl-2-(8-chloroethozy)ethylamine, and its 

derivatives, 617, 532. 

Metbyl-SS-cbloroethyl-S-hydrozyethylamine, 517. 
Methyl-S-cbloroethyl-B-bydrozyetbyiammonium salts, 519. 
iV-Metbyl-JV-8-chloroetbylmorpholinium salts, 518, 532. 
2>Metbyl-4-chloromethyl-l:3-ditbiolaii, 594. 

4-Methyl-8-(2-cblorovinyl)*l:3-ditbia-S*ar8ac^c2opentane, 595. 

4-Metbyl-2-(2-cbloroviayl)-l:3-ditbia-2-arsac^c/e>pentane, 
4.hydroxy-, 595. 

3- Metbyl-2-dianilot>opropylidenetbiazolme, 1440. 
6-Methyl-l:2:3:4-dibenzpbenazine, 440. 
3*Methyl-3":4"-di«2er^*butyl-l:7"-thionapbtheiiacenaphthenyl- 

indiso, 6-chloro-, 746. 

Methyldl-2-(8-cbloroethoxy)ethylamine, and its salts, 533. 
Methyldi-(&-cbloroetbyl)ainine, and its mercuriebloride. 516. 
Methyldi-(2-cbloro-a-propyl)amine, and its picrate, 517. 
Methyldicblorosilane, 1593. 

iY-Methyl-.A^-2'-di0tbylammoetbylpheiiol, 4-amino*, and 
its derivatives, 1 88. 

2-Methyl-5-(y-diethylaminopropylainino)-3:4:2':3'-pyrido- 
acridine, 8-chloro-, 681. 

A'-Methyl-iViV'-diethylbenzamidimum picrate, 385, 
A-Methyl-iV'JV^'-diethylbenzamidinium salts, 385. 

A -Methyl-JV'.Y'-diethyl-A'-6-methylamino-»-bezylurea, 3 1 5. 
iV-Methyl-A^'iV'-diethyl-A^-3-methylaminopropylurea, 3 1 5. 
Methyl- 6: 7- diethyl -1-oxa- 3 -azacyr/ooctane, 5:7 -rfinitro-3- 
hydroxy-, and its hydro(3hloridc, 926. 
2-Methyldihydro-l:3-benzthiazine-4-one, and its derivatives, 
764. 

Methyldihydroengenol, 5-amino-, and its derivatives, and 5- 
nitro-, 126. 

0- Methyldihydroeugenolsulphonic acids, and their derivatives, 
126. 

/5^-Methyldihydroacostrychnine, jS|3-A^(5)-liydroxy-, 1559. 

4- Methyl-3:6-dihy dro veratrole, 1 05 . 

Methyldi-(2-hydroxyethyl)amine, and its di-p-nitrohenzoate, 
516. 

Mothyldi-(2-bydroxy-7t-propyl)amme, and its picrate, 517. 
Methyl dimethylamino^crt .-butyl ketone, salts of, 59. 
Methyldi-n-nonylamine hydrofjhloride, 200. 

4-Metbyldipbenyl ether, 2:2'-dtbromo-, 2-bromo-2'-amiuo-, 2'- 
bromo-2-amino-, 2-bromo-2'-nitro-, and 2'-bromo-2-nitro-, 
6, 7. 

Methyldi-(2-wothioureido-S-ethyl)amine, 321 . 

2-Methyl 3:5-ditrityl methylxylofuranoside, 850. 

Methylene bases, heterocyclic, and their anilomethyl deriv- 
atives, 954. 

Methyleneanthrone, reaction of, with phenanthraquinonc, 998, 
Methylenediphosphonic acid, tetraethyl ester, 1467. 
Methyl-2-ethoxyethylamine, and its picroloimte, 313. 
d-Methylethylamino-E'-iV-benzenesulphonylcarbamyldiphenyl 
sulphide, 1232. 

4-Methylethylamino-2-carboxydiphenyl sulphide, 1232. 
4-Methylethylamino-2"-carboxydiphenyl sulphide-S-sulphonic 
acid, 1233. 

2-Methylethylaminothioxanthone, 1233. 

Methylethylammonium salts, 385. 
4-Methyl-3-ethyl-2-aniloethylidene-J ^-thiazoline, 959. 
A^-Methyl-jY^-ethylbenzamidine, and its picrate, 385. 

4- Methyl-3-ethyl-2-dianilo isopropylidene- J ^-thiazoline, 1 440. 

5- Methyl-5-ethyl-2:4-dithiohydantoin, 683. 
2-Methyl-5-ethylpyrimidine, 4:6-dtchloro-, and 4-chloro-6- 

hydroxy-, 1360. 

(2-(4-Methyl-3-ethylthiazole)l[2-(3-phenyl-4-methylthiazole}]- 
azamethinoyanine iodide, 1658. 
12-Methyl-6-ethylthionaphthindole, lO-chloro-, and its T>i(Tate, 
657. 

Methyleihyltrimethylenediamine hydrochloride, 314. 

6- MethylflavyUam ferrichloride, 349. 

Methylturan 2-iminoether hydrochloride. 398. 

Methylinran, 2-cyano-5-hydroxy-, 5-ac€‘tyl derivative, 398. 
2-Hethylfuran. See Sylvan. 

a-Vethylglucoside, 3-bromo-, 16. 

3-chloro-, 14. 

1- Methylc^c/ohexane-^thiol, 1537. 

2- ll6thyl(;yc/ohezanethiol, 138. 

3- Methylc^c2ohexanoU, optically-active, and their esters and 
their salts, 205. 


1- Methylcyc/ohexen-3-one 2:4-dniitrophenvl8emicarbazone, 

1390. ‘ 

5-Methyl-2-c//c^ohexenone 2:4-d«nitrophen ylhydrazonc, 1 270. 

5- Methyl-5-uohexeny]-2:4-ditbiohy dantoin^ 683 . 
Methylcyc/ohexyl lAfoamyl sulphide, 40. 

phenyl sulphides, 40. 

Methylcvr/ohexyl nwamyl sulphone, 40. 

6- Methyl-5-c//r/ehexyl-2:4-dithiohydantoin, 683. 
Methyln/riohexylglycoUic sulphones, 39. 
Methyl-a-hexyl-7i-octyIamine oxalate, 200. 

MethylrycZohexyl phenyl sulphones, 40. 
Methylc.vriohexylthioglycollic acids, 39. 
Methyl-2-(2-hydroxyethoxy)ethylamine, and its salts, 532. 
Methyl-2-hydroxyethyl-2-acetoxyethylamine, 517. 
Methyl-2-hydroxyethyl-2-f2-{2-hydroxyethoxy)ethoxyJethyl- 

amine, and its s<ilts, 531. 

Methyl-2-hydroxyethyl-2-(2-hydroxyethoxy)etbylamine, and it.s 
salts, 531. 

3- Methyl-2-hydroxymethyIbut-3-ene, 2-iiitro-l - hydroxy-, 147.3. 

2- Methyl-4-hydroxymethyl-l:3-dithia-2-arsac»/(/opentane, 595. 
2-Methyl-4-hydroxymethyl-l:3-dithiolan, 594. 
2-Methyl-6-hydroxymcthylpyridine, 5-hvdroxv-, and its j)i«‘,rat <*, 

133. 

2-Methyliminazole-4-carboxyIic-l-acetic acid, ethyl e.ster, 102. 

5- Methylimino-l:2:2-trimethylpyrroUdme, an<l its picrate. 151 1 . 
Methyl mesityl oxide oxalate, isomerisation of, in chloro- 
benzene solution, 24. 

Methyl-2-methoxyethylaniiQe, and its picrolonate, 313. 
2-Methyl ^-methyl-n-arabopyranoside, 1343. 

6- Methyl ^-methylgalactoside barium 2-sulphaie, 1678. 
2-MethyI a-methyl-n-galacturonoside, amitlc and methyl ester. 

1.340. 

I 2-MethyInaphtha-l':2':4:5-thiazole-3'-aldehyde, *1 -hvdrox v-, 
anil, 978. 

2-Methyl-j51-naphthopyrylium foiTiel»lorido, 348. 

4- Methyl-l:8-naphthyridine, 7-amino-2-hydroxy-. HU). 

2- ( hloro-7-amino-, and its 7-acctyJ dcirivative, 1409. 
iV-Methyl-/>-nitrobenzamidine, and its picrate, 1113. . 

Methyl 3-nitro-3-p-bromophenylpropyl sulphone, 1517. 

Methyl 2-nitro-l:2-dimethylpropyI ketoxime, and its <lerivH lives, 

1491. 

Methyl-2-nitroethylaniline, bydroeljloridc, 1 489. 

Methyl 2-nitroethyl sulphone, 1479. 
Methyl-2:4-f/miiro-4-hydroxymethyl-2-ethylhexylamine, 
hydroxy-, salts, 926. 

Methyl-2-nitrotwpropylaniline, and its d(U‘iv ativ(*s, 1489. 

Methyl 2-nitropropyl sulphone, 1479. 

2-MethyIoxazole, and its picrate, 101. 

2- Methyloxazole-4-carboxylic acid, and its (ithyl ester, 101. 

3- Methylpentadecane, 2-a’T)ino-, and 2-nitro-, 1499. 
iV-Methyl-A''A''-pentamethyIenebenzamidinium salts, 38. >. 
5;5-Methylcyr/opentamethylene-2:4-dithiohydantoins, 68.3 . 
5:5-'3-MethyIcvc/opentamethylene)-2-thiohydantoiu, 68(). 
2-Methylpentane, 2:4-dmmino-, and its derivativ(;s, 1398. 

and its AW'-di benzoyl derivative, 2-bromoiiitro-4 nitro-, 
and 2:4-dinitro-, 1491. 

5- Metbylpentane, 2'amino-, and its pieramide, and 2-nitro-, 

1497. 

2:4-djbromomtro-, and 2:4-r/»'rntro-, 1491. 

4- Methylpentane-3-sulphonic acid, 2-amirK)-, 1484. 

2- Methyleyriopentan-l-ol-l-carboxylic acid, methyl (sier, 1567. 

3- Methylpentan-2-one, 1 -amino-, hydrochloride, 375, 

1-ehloro-, .375. 

4- Methylpent-2-ene, 2-nitro-, 1484. 

physical propertujs of, 1105. 

3- Methylpent-8-en-2-one 2;4-dmitroj>henylsemiearbazone, 

1390. 

4- Methylpent-4-en-l-yne-l-carboxylic acid, 3-hydroxy-, and its 
derivatives, 80(5 . 

9-Methylphenanthridine, 7-amino-, 71. 

2:1 diammo . and its acetyl derivative*, 71. 

3- bromo-, and 3-('yano-, 85. 

1- Methyl-y)-phenanthrol-2-one, 1 660. 

2- Metbylphenanthroxazole, 652. 

Methylphosphonic acid, alkyl esters, 1 466. 

4-Methyl-2-(3'-phtbalimidopropyl)thiazole, 1 377. 

6- Methylpicolinic acid, 5-hydroxy-, 133. 

3- Methylpiperolidine-2-picoline, and its methiwlide, 1(>99. 
2-Methylpropane, J-nitro-2-ammo-, and its hydrochloride, 

1488 . 



1738 


Index of Subjects. 


S-Kethylpropftne-INnilphosle acid, l<amino>, and ]-nitro-, 
Balts, 1483, 1484. 

8*Metbylprop-l«ene, 1-nitro*, physical properties of, 1105. 
l-Methyl-fi-propTl cyanide, 2-amino-, and its derivatives, and 
2‘rutro-, 1502. 

Methyl-n-propylaiiiinoethyl benzilate hydrochloride, 60. 

1- Methyl-n«propylaniiine, 2-nitro-, and its salts, 1489. 
A^-Metbyl-^ -propylbentamidininm salts, 385. 
5-Methyl-5-propyl-2:4-dithiohydantoin, 683. 
6:5-4'<*Uethylt«opropylcvelopentamethylene-2:4-dithiohydantom, 

683. 

5- Methylpnrine, 6-hydroxy-8-mercapto-, 946. 

4- Met]iylpyrasole-3:5-diearbozylic acid, methyl ester, 1033. 
d-MethylpyridazinSt 3-amiuo- and 3-chloro-, and their deriv- 
atives, 242. 

6- M 6thyl-3-pyrida>inone, 241 . 

6- Blethyl«8-pyridazone salts, 241. 

5- Methylpyridines, 2-cyc2ohexenon68 from, 1270. 

2- Methylpyridine, 3- and 5-hydroxy-, and their picrates, 132. 
2-Methyl-3:4;2':3'-pyridoaciidine, 5:8-dtchloro-, 681. 
£-Methyl-3:4:2':3'-pyridoaGridone, 8-chloro-, 681. 
2-Hetliyipyrimidine, 2:5-dtamino-4:6-dthydroxy-, and 5- 

nitro80-4:6-dthydroxy-2-wonitro8o-, and their salts, 947. 
boMethylpyrimidine, 4:6-(i»chlorO', 4-chloro-6-amino-, and 4:6- 
dihydroxy-, 49. 

4-(hIoro-2-amino-, 4-ehloro-2:6-dtamino-, and 4:6-dtchloro- 
2-amino-, 45, 47. 

6*Methylpyrimidine, 6-bromo-2-amino-4-hydroxy-, and 4- 
chloro-5-bromo-2-amino-, 46. 

2- MethylpyrroUne, 5-amino-, JV-oxide, 1511. 

S-Methylauinoline, 2:4-dtchloro-, and 2:4-dihydroxy., 908. 

7- Methylaiiinoline, 8-ammo-, and its acetyl clcrivative, 441. 

8- Methylgainoline, 6-amino-, and its acetyl derivative, and 6- 

nitro-, 68JI . 

7- chloro-, and its salts, 442. 

S'-Methyl-S'-quinolyUnthranilic acid, 4-<<hloro-, and its ethyl 
ester, 681, 

3- Methyl-2-8tilbazole, and 2'-, 3"-, and 4'-nitro-, 1698. 
3~Uethyl-2-8tilbazolealkine, 2'-, 3'-, and 4'-riitro-, 1698. 
2-Methyl8tilbene, cts-4-bromo-4'-cyano-, and da- and tram- 

4:4'-dtcyano-, 691. 

cirii>2-Metbyistilbene>a-«arboxylic acid, 4-bromo-4'-cyano-, 691. 
Methylstyrylmethylcarbinols, and their a-naphthyhirethanes, 
1094. 

4- Methyl-2*(u)-8nIphanilamidodecyl)thiazole, 1377. 
4-Methyl-2-(l-8ulphanilainidoethyl)thiazole, 1376. 
4-BIethyl-2-(2 -salphanilamidoethybthiazole, 1 376. 
4-BIetbyl-2-8alphanilamidomethylthiazole, 1373. 

4- Metbyl-2-(3'-salpbanilamidopropyl)tbiazole, 1377. 
p-Metbylzulpbonylbenzamidine, and its tolueiie-p-sulphonate, 

1114. 

thiocyanate, 391. 

l>(4'-Metbyl8alphonylphenyl)-2:7-diazacyc2obeptene, and its 

derivatives, 500. 

2-(4'-M6thylsalphonylpbenyl)dihydroglyoxaline, and its deriv- 
atives, 600, 504. 

2-(4'-Methyl8ulphonylphenyi)-3:4:5:6-tetrahydropyriinidine, 
and its toluene-p-sulphonatc, 500. 

7- IS6thyl-l‘.2:3:4-tetrahydroacridODe, 1037. 

5- Methyl-l:2:3:4-tetrahydrocarbazole, 8-chloro-, 1560. 

1- Methyltetrabydroquinoline, 7-hydroxy-, and its i^-methyl- 

urt^thane methiodide, 188, H)0. 

8- hydroxy-, iy^-methyhirethane, and its methiodide, 190. 
l*Metbyl-l:2:3:4-tetrabydrog[mnoUne, 7'hydroxy-, 186. 

2- MctbyltetrahydroJw>awnolliie, 6-mano- and 6:6- and 6:7-dt- 
hydroxy-xV-methylurethanes, and their derivatives, 194, 195. 

5:5-2 -Metbylcyc/otetra methylene, 683 . 

4-Methyltbiazole, 2 -amino-4-mercapto-, and its derivatives, 
324, 

.5-amino-2-mercapto-, hydrochloride, 1607. 
4-M[etbyltbiazole-5-aceiic acid, 2-araino-, and its ethyl ester, 
and their hydrochlorides, 591 . 

2-Methylthiazole-4-carbozylic acid, 2‘amino', benzoyl deriv- 
ative, and its ethyl ester, 1374. 

8- Methyl-4-thiazolylacetic acid, 2-amino-, benzoyl derivative, 
and its ethyl ester, 1374. 

y-Metbyltbio^a-bntyronitriie, a-aroino-, oxalate, 1611. 
2-Metbyltbio-4-oarbetboxyt]]iazole, 5-amino-, and its hydr- 
iodide, 1608. 

]Ietbyl-2:2"-dttbiocyaaodiethyUmine, hydrochloride, 322. 


2-Methyltbio-6:6-diiiiathylpyriiiildiiie, 4-aiuino-, 48. 

4-chloro-, and 4.hydroxy-, 47. 
5-i8-Keihyltbioetbyldithiohydanioiii, 1612. 
2-Methyltbio-4-(2'-ftiryi)tbiazol6, 1658. 
Xethyl-2:2'-dttbioi^ethylamine, and its derivatives. 321. 
8-Metbyltfaio-2-metbyipiirine, 6-chloro-, 947. 

6-hydroxy-, 946. 

2-Metbylthio-6-methylpyrimidine, 4-ammo-, 49. 

8-Meth]dthio ^-methyl-l-xylopyranozide, 971. 
Hethylthionaphtbindolei, and their picrates, 657. 
2-Hethylthio-4-phenylthiazole, hydrobromide, 1658. 
2-Methylthio-4-pheiiylthiazoie, 5-amino-, and its derivativen, 
1604. 

2-Metbylthio-4-phenyUhiazole-5-azo-i3-iiaphthol, 1 604. 
jS-Metbylthiopropaldehyde dtnitrophenylhydrazone, 1611. 
2-l[ethylthiopyrimidine, 4:5:6-tnamino-, 4-manno8idyl-5-thio- 
formyl derivative, and 4:6-dtamino-5-nitro80-, 4-manno8idyl 
derivative, 3.56. 

4-HethyUbioQainazoline, 2-chloro-, 780. 
MetbyltriallylphOBphoniam iodide, 1448. 
Hetbyltri-jS-methylallylarzonium iodide, 1450. 
Methyltri-jS-methylallylphozphonium iodide, 1449. 
1-0-Methyltubocurarine iodide, 937. 
y-Methyl-n-valeric acid, a-amino-y-mercapto-, 1612. 

Methyl vinyl sulphone, 1515. 

Micro-organisms, synthesis of macromolecules by, 863. 
Molecular compounds. See under Compounds. 

Molecular volume. See under Volume. 

Molecular structure, of dicarboxylio acids, 1145. 

Molecules, macro-, chemistry of, 252. 
infra-red spectroscopy of, 289. 
synthesis of, by micro-organisms, 853. 

Monosaccharides, ac^tion of acetone derivatives of, with suf- 
phuric acid, 1461. 

Morphine series, 399. 

Morpholine-i^-carboxyl chloride, 313. 

Moulds, fission of sulphide linkages by, 424. 

Mucic acid, thallous salt, 1381. 

Muscle adenylic acid, preparation of, 648. 

Mntachrome, pro-vitamin-.d activity of, 131. 

Mydriatios, synthetic, 65, 164. 


N. 

Naphtha, commercial, indene recovery from, 369. 

1- Naphthaldehyde, 2-hydroxy-, anils, 977. 
i Naphthalene, chloromethylation of, 1432. 

j tiuorescence of, in various solvents, 108. 

I Naphthalene, 6-bromo-2-cyano-, and 6-hydroxy-2-oyano-. and 
I its 6-acetyI derivative, 162. 

2:4-dibromo-l -nitro-, 128. 

2-bromo-7-nitro-, l:2-dibromo-7-nitro-, 2-chloro-6- and -7- 
nitro-, 2-iodo-6- and -7-nitro-, 329, 330. 
r.5-dihvdroxy-, and its l;5-diacetvl derivative, nitration of, 
350. ^ 

l;5-</nodo-, 81. 

l:4-dmitro-, preparation of, 1393. 
l:8-rfmitro-, ])reparation of, 1109. 
dt-, iri- and fetm-mtro-l:5-dihydroxy-, 353. 

Naphthalene-1:4- and -l:5-diacetonitriies, 1434. 

2- Naphthaleneazo-j3-naphthol, 1-bromo-, 1391. 
2-Naphthaleneazo-j3-naphthylamine, 1-bromo-, 1391. 
Naphthalene-2:l'-azo-6"- and -7'-nitro-2'-Daphthols, 6- and 7- 

nitro-, 331. 

Naphtbalene-l-azo-i)-phenylbis-2-cyanoethylarsine,2-hydruxy - » 
621. 

l:5-Napbthalenebisazo-i3-naphthol, 8 1 . 
l:5-Naphthalenebi8azo-j3-naphthylamlne, 81 . 

Naphthidine transformation involving <5-positions, 1390. 
periNaphthindanetrione, derivatives, 130. 

1- Naphthol, 2:4-d»- and 2;4;6-<n-nitro-5-hydroxy-, 6-aoetyl 
derivatives, 353. 

2- Naphthol. 7-nitro-, preparation of, and its acetate, 327. 
iS-Naphthd-l-sulphonio acid, diazosulphonatos from, reaction 

of, 461, 468. 

l:2-Naphtho-p-nitrophenyltriazole, 6- and 7'mtro-, 1061. 

)3-l- and -2-NaphthoylpropionitrileB, 1194. 
a-Naphthylamine, 6- and 7-nitro-, reactions and derivatives of, 
1060. 
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^Hapbthylaiiime. 5-ammo-, 2-acetyl derivative, 5-, 6-, and 
8-chloro-, 6-chloro-2-nitro-, 548. 

l-bromo-, preparation of, 1391. 

7-bromo-, 7:8^tbromo-, l-bromo-7-nitro-, 6- and 7-chloro., 
6- and 7-iodo-, 329, 330. 

r/tchloro-, and l-chloro-6-amino-, and their acetyl derivative, 
543. 

6- and 7- nitro-, reactions and derivatives of, 327. 
l:7-d«nitro-, 1061. 

3>(a« and -j3-Naphthylamino)-4:5-benaocoumaran8, 1047. 
^Naphthylaminophoaphonic acid, dibenzyl ester, 677. 
2-i3-Naphthylaminoauinoline, 4-chloro-, and 4-chloro-2-6'- 
bromo-, 905. 

2.Naphthyldihydroglyozalines, and their derivatives, 500. 

2-Naphthyldihydroglyozaliniam salts, 502. 

l-Naphthyl j3-^methylaminoethyl ketone, hydrochloride, 1192. 

1- (l-Naphthyl)-8:2-dimethylpropyl cyanide, 3-mtro., 1505. 
Naphthylenediamines, tetrazotisation of, 81. 

1:5- and 1:8-Napbthyienediamines, ^efmnitro-, 81. 
2*Naphthylhydrazine, 1-chloro-, 543. 

4-(2'-Naphthylimino)pentan-2-one, cliloro- and chlorobronio-, 
and 4*7'-hydroxy-, derivatives, 547. 
2*(l"*Naphthyimethyl)dihydroglyozaline, and its salts, 500. 

2- (l -Naphthylmethyljdihydroglyozalininm chloride, 502. 

1- Naphthylmetbylene-o-3-zylidine, 2-hydroxy-, 1047. 

2- (l'-Naphthylmethyl)-3:4:5:6-tetrahydropyrimidine, and its 
derivatives, 500. 

a- and jS-Naphthyl ^.lonitrosobenzyl ketones, 60. 
9>a-Naphthylthioxanthhydrol, 999. 

9-a-Naphthylthiozanthen, 999. 

9-^-Naphthylthioxanthyl peroxide, 1000. 

9-a-Naphthylzanthen, 999. 

1:8-Naphthyridine8, preparation of, from 2:6-diaminopyridine, 
1407. 

Heocyanines, synthesis of, 1434. 

2-Nicotinamidodiphenyl, and 4'- and 5-nitro-, 1413. 
i ^oNicotinic acid, picrato, 1630. 

Nitration in sulphuric acid, 474, 1185. 

Nitric acid. See under Nitrogen. 

Nitriles, alkylation of, with alkyl halides and sodamide, 740. 
2*Nitro~alcohol8, dehydration of, 1471. 

Nitro-compounds, aliphatic, 1471, 1472, 1474, 1477, 1481, 1485, 
1486, 1489, 1492, 1494, 1497, 1500, 1504, 1505, 1508, 1511, 
1514, 1517. 

Nitrogen oxides, absorption of, in aqueous nitric acid, 790. 

Nitric acid, aqueous, absorption of nitrous gas by, 790. 
Nitrogen organic compounds, spectra of, absorption, 331. 
Nitro-groups, replacement of diazonium groups by, 127, 1392. 
Nitro-olefins, preparation of, 1471. 

spectra ofi absorption, ultra-violet, 1104. 
ci-Nitro-oleflns, action of Grignard reagents on, 1494. 
addition of nitro-paraffins to, 1489. 
addition of thiols to, 1477. 
l:4-addition of organometallic halides to, 1497. 
reaction of, with arylmethyl cyanides, 1504. 
with hydrochloric acid, 1485. 
with sodium hydrogen sulphite, 1481. 

Nitro-parafflns, condensation of, with hydroxymethyldialkyl- 
amines, 1511. 
preparation of, 1497. 

reaction of, with ethylmagnesium bromide, 1492. 
with ketones, 1517. 
with unsaturated cyanides, 1505. 
with unsaturated sulphones, 1514. 
l:3-diNitro-paraffln8, preparation of, 1489. 

Nitrous gas. See Nitrogen oxides. 

Non-8-en-4«yn-l-oi, and its o-naphthylurethane, 1585. 
Nonozyamine hydrohalides, 967. 

Nonozygnanidine nitrate, 967. 

Nonozynonylnrethane, 967. 

Nonozynrethane, 967. 

Norbomylene, oxidation of, 818. 

Nncleotides, 648. 


0 . 

Obituary Notieei 
Joseph John Blackie, 432. 
Harry Thornton Calvert, 1707. 
John Addyman Gardner, 865. 


Obituary Notices : — 

Arthur Lapworth, 989. 

Bevan I^an, UK). 

Kichard Cayley Gifford Moggridge, 1708. 

Robert Selby Morrell, 432. 

Edmund Brydgos Rudhall Prideaux, 1426. 
Octa-l:7<-dien-3:5-diyne«l:8-dicaiboxylio acid, and its dimethyl 
ester, 1589. 

Octa-3:5-diyne>l:8-diol, and its diacetate, 1582. 
Octa-3:6-diyne-2:7-diol. 1581. 

7i-Octamidine ])icrato. 392. 

Oct-2-en-4-ol 3:5-r/mitrobonzoate, 758. 

2-Octylamino-octane, and its derivatives, 109. 
n-Octylphosphonic acid, diethyl ester, 1467. 

Olefins, addition to, of thio-eompoiinds, 36, 134. 
reaction of, with hydrogen sulphide, 1532. 
infra-red analysis applied to, 1540. 
with sulphur, 1519. 

Olefins, nitro-. See Nitro-olelins, 

Olefinic substances, reaction of, with sulphur and its com- 
pounds, 1519, 1532, 1546, 1547. 

Oleic acid, glycerides of, 554. 

Oleovanillylamide, 614. 

Organic compounds, reactions of, electrochemical theories of, 
1288. 

Oxalic acid, anisamide salt, 100. 
dehydrate, crystal and molecular structure of, 142. 
rare-earth hydrated salts of, 1687. 

Ozazole, preparation of, 96. 

Oxazoles, synthesis of, 96. 

Ozazoie-4-carboxylic acid, and its ethyl ester, 102. 

Oxidation with selenium dioxide, 764. 

Oxides, reduction of, by carbon monoxide and hydrogen, 1239. 
Oxodihydromethoxymethyldihydroncostrychnine, 1554. 
OxodihydromethozymethyldihydroncQstryohnidine, 1555. 
Oxodihydroncostryebniae, and its hydrobromide, 1554. 
Oxyjavanicin, 1027. 


P. 

Parasantonide, phf)tolyBiH of, 686. 

Pectic acids, apple and strawberry, molecular structure of, 
1218. 

Pectic substsuces, 1218, 1221, 1225. 

Penicillic acid, dmivatives of, 805. 
methyl ester, 807. 

Pentadecane, 8-amino-, and its derivatives, 198. 
Penta-l:3*diene, 1 -nitro-, ])hy8ical j)ropertie8 of, 1105. 

3 nitro-, 1473. 

Pentaerythritol fe/mnitrate, crystal structure of, 837. 
Pentaethylcblorodisiloxane, 1 592. 

Pentaethyldisiloxanol, 1592. 

Pentamethylene sulphide, preparation of, 1 107. 
A^iV-Pentamethylenebenzamidine, and its picrate, 392. 
5:5-c,vc/oPentamethylene-2:4-dithiohy dantoin, 683 . 
i7i\r-Pentamethylene-iV'-2-ethoxyethyl-A^'-(2-ethoxyethyI- 
aminoethy] }urea, 3 1 5. 

2:2-Pentamethylene-4-hydroxymethyl-l:3-dithiolan, 595. 
AxY-Pentametbylene-p-methylsulphonylbenzamidine, and its 
salts, 1116. 

2:2-PentBmethylenepyrroline, 5-amino-, jY-oxidc, and its 
hydrochloride, 1511. 

5:5-cyrioPentamethylene-2-thiohydantoin, 686. 
5:5-cyrioPentamethylene-4-thiohydantoin, 686. 
2:2:4:4:6>PentamethylhexahydropyrimidiDe, 1 398. 
2:2:4:4;6-Pentamethyl-2:3:4:5-tetrabydropyrimidine, and its 
hytete and oxalate, 1397. 

Pentane, 2-nitro-, 1499.. 

3-nitro-l:5-dicyano-, 1507. 

3-nitro-2:4-£iihydroxy-, 2:4-diacotyl derivative, 1473. 
TieoPentane, nitro-, 1498. 

cyrioPentane-ct«-l:3-dioarboxyUc acid, preparation of, 818. 
cycloPentanone-2-carboxylic acid, ethyl ester, condensation 
products of, with aromatic amines, 1420. 
t^oPeutanethiol, reactions of, with olefins, 36. 
Pent-2-en-4-yn-l>ol, preparation of, 1583. 
reactions of, 1586. 

Pent-3-6n*l-yn-5-ol-l>H>arboxylio acid, and its 5f-benzyliso- 
tfaiuronium salt, 1588. 
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Periodates. See under Iodine. 

^-Phellandrene ^etrabromide, 1039. 

^Phenacylbenathiaaoie, 1621. 

1-PbeBacyl- 2- (2- hydroxypropyl)pyridiniam chloroplatinate, 
672. 

1- Phenacyl-a-phenyletbyldimethylammonium bromide, re- 

arrangement of, 93. 

Phenanthraqumone, reactions of, in sunlight, 997. 
PhenantbraQuinoneimine, reaction of, with diazomethane, 651. 
Pbenantbrene, 9:10-dthydroxy-, curainylhydroxymethylene, 
2:4-dimethoxyphenylhydroxy methylene, and 2-methoxy-l - 
naphthylhydroxymethylone etluTS, 1000. 

Pbenanthridine, chemistry of, 1410. 

Pbenantbridines, 84. 

Pbenanthridine series, 67. 
p-Phenantbroline, derivatives of, 1659. 
p-Pbenantbroline, 2-chloro-, and 2 hydroxy-, 1660. 
2:7-dichloro-, 1661. 

Pbenantbroxazole, formation of, from reaction of diazo- 
methane with phenanthraquiiioneimine, 651. 

2- p-Phenetidmocyc/opent-I-enecarbozyliG acid, ethyl ester, 
1037. 

Phenol, iodination of, acid catalysis of, 342. 

Phenols, and their ethers, wi-nitration of, 1416. 
reactions of, with alkylwcfornianilides, 976. 
spectra of, infra -rod, 644. 

vibrational, and of their derivatives an<l resins, 1260. 
Phenoxstibines, preparation of, 4. 

4- Pbenoxycinnolme, 6:7- and 7:8-d«4iloro-, 232. 

3- (2*Phenoxyethyl}hexane>l-carboxylic acid, 224. 

6- Phenoxy-7-niethoxyacridine, 2-cyano-, 639. 
12-Phenoxy-9-methoxy-2:3Hlihydro-/l-quimndene, 636. 
2-Phenoxy-4-methyl-l:8-naphthyridine, 7-amino., and its 

acetyl derivative, 1409. 

P’Phenoxypbenyldiallylphosphine, and its mercurichlorido, 
1448. 

7- Phenoxy-4-phenyl-2-methyl-l:8-naphthyridine, 1410. 
5*Phenoxypyrimidine, 2-amino-4-hydroxy-, 4-ohloro-2-amiao-, 

and their acetyl derivatives, 45, 46. 

5- Pbenoxytetrahydroacridine, 636. 

Phenyl 2-amino-4-mcthyl-54;hiazyl suljihide, p-chloro-, and 
p.nitro^ll5. 

2-amino-o-thiazyl sulphide, p-chloro-, and its 2*acetyl deriv- 
ative, 113. 
p-nitro-, 112, 117. 
dihydromyreene sulphide, 40. 
cve/ohexyi sulphide, p-chloro-, 1551. 

2-methylthioothyl suljjhide and its mercurichloride, 772. 
2-nitroethyl sulphide, 2:4-dinitro-, 1480. 

2-nitrowopropyl sulphide, 1479. 
octyl sulphide, and p-amino-, and p-nitro-, 53. 
Phenylaoetamidine picratc, 392. 

Phenylacetio acid, 3:5-dtiodo-, 3:4:5-(nicKio-, 3:5-dtiodo-4- 
amino-, and 3:5-diiodo-2.hydroxy-, 203. 

Phenylacetio acids, iodo-, ])reparation of, 202. 

2- Phenyl-2-^acetoxyphenyi-l;2:3:4-tetrahydroi«ophosphinolin- 
inm bromide, 1641. 

y-Phenylallyldimethylamine, and its salts, 168. 
3r*Pfaenyl«p-amidinophenyl methyl sulphone, 394. 

Phenyl 2-amino-4-methyi-5-thiazyl sulphone, p-amino-, p- 
chloro-, and p-nitro-, and their acetyl derivatives, 117. 
Phenyl 2-amino-4rphenyl-5-thia2yl sulphone, p-nitro-, and its 
acetyl derivative, 118. 

Phenyl 2«amino-5-thiazyl snlphone, p-chloro-, and its 2- 
acetyl derivative, 114. 

3- Phenyl-4^ani8ylcinnoline ?^-oxide, 1651. 
PheDyl-p-anisyl*2-0>->methoxymethylphenyl)ethylphO8phiDe, 

and its methi(Klide, 1641. 

2-Phenyh'.9Qarsindoline, preparation of, and its derivatives, 665. 
2-PhenylK9oar8indolme, 2-p-chloro., and its derivatives, 666. 

5-chloro-, and its derivatives, 668. 
i\^-Phenylbenzamidine, o-nitro-, and its picrate, 1114. 
lophenylbensotriazole, 5;4'-d»chloro-, 938. 
iV-PhenylbenziVfOthiazolone, -p-nitro-, 1234. 
Phenylbenzylbis-S-benzyloxypropylarsonium chloroplatinate, 
624. 

4>Phenyl-S-benzylcinnoline iV-oxide, 1651. 
Phenyl*2-benzyloxyethylar8onic acid, and its derivatives, 624. 
Phenylbis-d-aiddinoetbylariine, and p-amino-, and p-chloro-, 
and their derivatives, 622. 


Phenylbis-^Hjarboxyethyiarsine, and p-ohloro-, 623. 
Phenylbis-S-carboxy-n-propylaisitte, and its derivatives, 623. 
Phenylbis-S-cyanoethylarsine, 621. 

Phenylbi»-8-cyanoethylarsine, p-amino-, and p-chloro-, and 
their derivatives, 621. 

a>Phenyl-j3^'-bifr-(^methylaminophenyl)acrylonitiile, 643. 
Phenyl-p-bromophenylchloroarsine, 511. 
Phenyl-p-bromophenyl-2-(o-methoxymethylphenyl)ethylpho8- 

phine, and its metModide, 1640. 

2-Phenyl-2-p*bromophenyl-l:2;3:4-tetrahydrotsopho8phinoIin- 
inm salts, 1640. 

l-Phenylbntadienes, preparation and ultra-violet absorption 
of, 1087. 

l-Phenylbata>l:8-diene, 1-p-bromo-, -chloro-, and -fluoro-, arui 
their adducts, 1095. 

8-Phenylbatane, 2-amino-, 1499. 

7 -Phenylbutyric acid, a-amino-y-p-hydroxy-, synthesis oj, 
1.571. 

JV-Phenyloarbamic acid, 2-o-methoxymethylphenylethyl estf t-. 
1640. 

6-Phenylcarbamidodecane, 1496. 
4>Ph6nyicarbamido-3:3-dimethylhezane, 1497. 
5-(A^"-Phenyloarbamido)-6-hydrqzy-2-methylpyrimidine, 

4-amino., 946. 

1- Phenylcarbamyl-2:3-dimethyl-6-6thylindoline, 1633. 

2- Phenylcarbazolo{l":2':5:6)pyryliam salts, 349. 

Phenyl a-(o-carboxyamlino)-p-methoxybenzyl ketone, 1044. 
PhenyUS-carboxy-n-pentanearsonic acid, 623. 
Pbenyl-3-carboxy-n-propylarsonic acid, 623. 
Phenyl-3-carboxy-n-propylchloroarsine, 623. 
.A^-Fhenyl>2:4-«{tchlorobenzamidine, and its salts, 1115. 
Phenyl-a-chloro-d-hydroxy-S-methoxybenzylamine, 617. 
2-Phenyl-4-chloromethyl-l:3-dithiolan, 594. 
Phenyl-p-chlorophenylarsinic acid, 509. 
Phenyl-p-chlorophenyl-p-bromophenylarsine, and its deriv- 
atives, 511. 

jS-Phenyl-jS-p-chlorophenyl-a-p-tolylacrylamide, 643. 
/{-Phenyl-^-chlorophenyl-a-p-tolylacrylonitrile, 643. 
4-Phenylcmnoline, 4-p-hydroxy-, 1651. 

cthiodide, and x-iodo-4-p-nydroxv-, 4-p-acetyl derivative, 
1655. 

Fhenyloyanamide, p-chloro-, 946. 
2-Phenyl-4»cyanomethyl-l:3-dithiolan, 594. 

Phenyldiallylarsine, and its mercurichloride, 1450. 
Pbenyldiallylphosphine, and p-bromo-, and their mercuri- 
chlorides, 1448. 

Phenyldi-p-anisylacrylamides, 643. ^ 

Phenyldi-p-anisylacrylonitriles, 643. 

1- Phenyl-2;7-diazacycZoheptene, and its derivatives, 500. 
Pbenyl^-(/?y-d»bromo-j?-methylpropyl)pho8phine oxide, and 

p-bromo-, 1449. 

Phenyldichloroarsine, p-nitro-, 667. 

Phenyldichlorosilane, 1593. 

A-Phenyl-jY '-jS-dietbylaminoethylaminophenylguanidines, N -p- 

chloro-, 916. 

A^'-Phenyl-iV-diethylaminoethyl-p-anisamidme, JV'-p-ohloro-, 
163. 

A"-Phenyl-i\r-diethylaminoethylbenzamidine, N'-m- and -p- 
chloro-, and A^'-3:6.dfchloro-, 163. 

2- Phenyldihydro-l:3-benzthiazine-4-one, 764. 
3>Phenyl-3:4-dihydrooonmarin, 6:8-duodo-, 204. 
2-Phenyldihydroglyoxalme, 2-4'-chloro-, and 2-2'-nitro-, and 

then salts, 500. 

2-p-hydroxy-, and its safts, 504. 

2- Phenyldihydroglyoxaiiniam benzenesulphonate, 502. 
sulphaniate, 504. 

3- Pbenyl-3:4-dihydrophthalazine, l:4-dihydroxy-3-(2':4'-di- 

amino)-, and l:4-dihydroxy-3-(2':4^-dtnitro)-, 834. 

3-Phenyl-3:4-dihydrophthalazine-4-aoetio acid, l-hydroxy-S- 
(2':4'-dtamino)-, l-hydroxy.3-(2':4'-dtnitro)-, and their deriv- 
atives, 833. 

3-Phenyl-8:4-dihydrophthalazine-l-8ulphomc-4-aoetic acid, 3- 
(2':4'-dwiitro)-, sodium hydrogen salt, 833. 
2>Phenyl-2:3-dihydroteteneoxazole, 2-hydroxy-, 653. 
Phenyl^-jS-methylallylarsine, 1450. 

Phenyldi-j?>methylallylph 08 pUne, and p-bromo-, and their 
mercurichlorides, 1449. 

Phenyldimethylaminomethylcarbinol, and its derivatives, 168. 
Phenyldimethylcarbinol, o-amino-, acetyl derivative, and 5- 
chloro-2-amino-, and its derivatives, 810. 
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Pbenyidimetbyl-S-cyano-^i-peiitylarsomiim salts, 623. 
Phenyldimethyl-3-cya&opropylai8oniam salts, 623. 

1- Pheziyl-2:2-dimetliylpropyl cyanide, 3 nitro-, and 3-nitro- 

l-jp-bromo-, 1505. 

3-Phenyl-4:4-^methylpyrroline, 2-amino-, ^'•oxide, 1511. 

2- Phenyl-I:3-dithia-2-ar8ac2/clohezan6, 5-liydroxy-, 595. 
jS-Pbenyl-aj^-^tolylacrylamide, 642. 
^-Phenyl-a^-di-^tolyiaorylonitrile, 642. 

2-Phenylethaiie-2-8alphonic acid, 1 -amino-, and 1-mtro-, 

sodium salt, 1484. 

2-Phenyl-6'-ethoxythionaplitheno(2':3':S:6)pyrylium salts, 349. 
Phenylethynylcarbinol, o-chloro-, 1630. 

Phenyl ethynyl ketone, o-chloro-, 1630. 

/3-Phenylethylainine, j8-3 -hydroxy-, jV-methylurethane hydro- 
chloride, 195. 

/-a-Phenylethyldimethylamine, and its picrate, 94. 
5-j3>Phenylethyl-6-methyl-2:4-^thiohydantoin, 683 . 
Phenyl-p-ethylphenyl-p-phenylyl-z^-chlorophenylarsonium 

iodide, 610. 

iV-a-Phenylethylphthalamic acids, and their salts, 511. 
2-Phenylgaanidino-4-j8-diethyiaminoethyiaminoquinoline, 2-p- 
chloro-, 909. 

5 - Phenylguanidino)- 6 - hydroxy- 2- methylpyrimidine, 4- 

amino-, and 4-amino-5-iV'-p-chloro-, and their salts, 940. 

2- Phenylguanido-4-/-diethylaminopropylamino4uinoline, 2-p- 
chloro-, 909. 

3- Phenylheptane, 2-amino-, and its hydrochloride, 1499. 
Phenyl 1-hezynyl ketone, 1630. 

Phenyl cycZohexyl sulphone, p-chloro-, 1551. 
2-Phenyl-4-hydroxy-l:3-dithian, 694. 
2-Phenyl-4-hydroxymethyl-l:3-dithia-2-araacyc/opentane, 595. 
2-PhenyI-4-hydroxymethyl-l:3-dithiolan, 594. 

2- Phenyl-2-/)-hydroxyphenyl-l:2:3:4-tetrahydrotsophosphinolin- 

ium bromide, resolution of, 1634. 
salts, 1641. 

1- Phenyliminazole, and its picrate, 102. 

3- Phenylindole, 3-p-hydroxy-, 1652. 
a-Phenyl-^-( 3:Mtiodo-4-hydrozyphenyl)ethane, 203. 
A^-Phenyl-p-methoxybenzamidine, and its chloride, 396. 

Phenyl p-methoxybenzyl ketone phenylhydrazono, 1044. 

2- Phenyl-3-p-methoxyphenylindole, 1 044. 
S-Phenyl-B^^-methoxyphenylindole, 1045. 
2-Phenyl-3-p-methoxyphenyl-l-methy lindole, 1 045. 

2- Phenyl-3-^-methoxy phenyl-5-methylindole, 1 044. 
A^-Phenyl-iV^-methylbenzamidine, and its salts, 389. 
Pbenylmethylbis-S-benzyloxypropylarsonium iodide, 624. 
l-Phenyl-3-methyl-4-(but-l'-en-3'-onyl)-6-pyrazolone, 1631. 
l-Phenyl-2-methyl-7i-bntyl cyanide, 3-nitro-, 1504. 

4- Phenyl-3-methylcinnoline ethiodide, 1654. 

iV-oxide and picrate of, and 4-p-hydroxy-, and nitro-, 
JV-oxides, 1651. 

3- Phenyl-4-metbyl-3:4-dihydrophthalazine, l:4-dihydroxy-3- 
(2';4'.dtnitro), 836. 

Fhenylmethyl^-jS-methylallylarsonium iodide, 1450. 
Phenylmethyldi-jS-methylallylphosphoninm iodide, and its salts, 
and p-bromo-, and its salts, 1449. 
l-Phenyl-2-methylimmazole, and its picrate, 102. 

3- Phenyl-2-methylindole, 3-p-hydroxy-, 1652. 

Phenyl JV^-methylmesidino-p-methozybenzyl ketone, 1044. 

4- Phenyl-2-methyl-l:8-naphthyridine, 7-amino-, and its acetyl 
derivative, and its derivatives, 7-chloro-, and 7-hydroxy-, 
1410. 

9- Phenyl-lO-methylphenanthridininm chloride, 7-amino O-o- 

amino-, and its diacetyl derivative, and 7-amino-9-(j-nitro., 
74. 

7-amino-9-p-nitro-, 73. 

methoBulphates, 7:9-p-diaraino-, and 7-amino-9-p-nitro-, 7- 
acetyl derivatives, 72, 73. ^ 

10- Phenyl-2-methylphenozstibine, and its dii hloride, 7. 
lO-Phenyl-2-methylphenozstibine, 10-p-bromo-, and 10-p- 

cyano-, 8. 

3-Phenyl-l-methylphthalaz-4-one, 2':4'-dtnitro-, 836. 
3-Phenyl-4-methylphthalaz-l-one, 4'-nitro-, nitrate, 836. 
1-Phenyl-l-methylpropyl cyanide, 3-nitro-, 1505. 

1- Phenyl-3-methyl-6-pyridazinone, l-p-nitro-, 552. 

2- Phenyl-6-methyl-3-pyridazone, 4-amino-, 4-amino-2-p-nitro., 

4-chloro.2-«-mtro-, 2-p-nitro-, and their derivatives, 549, 
662, 653. 

5- Phenyl-2-inethyIpyrimidme, 4;6-dichloro-, 1361. 
j3-Phenyl-.A^-m8thylferine, ^-3:4-dihydroxy-, 661. 


a¥-Phenyl-p-methy Isulphonyibenzamidinium benzenosulphon - 
ate, 394. 

4-Phenyi-2-methylthiazole-5-carboxylic acid, 1657. 

1- Phenylnaphthalene, 2':5-dthydroxy-, 226. 

2- PheDyl-j3-naphthopyrylium salts, 348. 

Phenyl-a- and -/?-naphthylglycoUic acids, 60, 

Phenyl octyl sulphone, and p-amino-, and p-nitro-, 53. 
6-Phenylpent-2-en-4-yn-l-ol, and its a-naphtliylundhane. 158.5. 
9-Phenylphenanthridine, derivatives of, 1414.” 
9-Phenylphenanthridine, 7-amiiu>-9-o-amiao-, 7-aniino-9-o- 
nitro-, and their derivatives, 73. 

7-amino-9-p-ainino-, 3-hromo-9-p-broinO', 3- and 7- cvano- 
9-p-cyaiu)-, and their derivatives, H<>. 

7-ammo-9-p-nitro-, and its 7-ac('tyl derivative, 72. 
Phenyl-p-phenylylarsinic acid, 510. 
Phenyl- 2 >-phenylyl-p-chlorophenylarsinc, and its derivntivt:s, 

510. 

3- Phenylphthalaz-4-one, 2':4'-dniitro-, 835. 
Phenylpropenylcarbinol, p-bromo-, p-(ihloro-, and p fluoro-, 

1095. 

Phenylpropenylcarbinols, substituted, preparation an<l ultra- 
violet absorption of, 1087. 

Phenylpropiolic acids, 224. 

2-Phenylpropylene, 2-(4-cliloro-2-amini))-, and its 2-a(eivl 
derivative, and 2 {.5-nitro-2-ainino)', 2-a(etyl derivative, 
810. 

6-Phenylpyrimidine, 4:6-d?(;hloro-2-amino-, 1362. 

2- PhenyIpyrrocoline, l:3-f/uodo-, hy<lriodi<ie, t}72. 
A'-Phenylsaccharin, ¥-p-nitro-, 1234. 

Phenylsemicarbazones, 2:4-(/itutr(>-, spectra of, absi>r[>tii)H, 
1387. 

|8-Phenylserine, 3:4-f/ihydroxy-, and its d(*rivativ(«, 660. 
Phenylstibinous chloride and iodide, p-cyano-, 7. 

3- Phenylsulphonyl-2-methylpyridine, 4:6-f//hvdroxy-3-p iiitro-, 
.54. 

4(or 6)-Phenylsulphonyl-2-methylpyridine, 6 (or 4)-(‘hloro- 
4(or 6) p-ainino-, 54. 

3- Pheuylsulphonyl-2-methylpyridine-5-carboxylic acid, 4:6-d/ - 
hydroxy -li-p-nitro-, ethyl ester, 54. 

4- Phenylsulphonylmethylthiazole, 2 -am im)-4 -p-amin o- . 2 - 

aniino-4-p-nitro-, and its acetyl derivative, 117. 

4-Phenylsulphonylpyridine, 4-p-ainino-, acetyl derivative and 
JV^-oxido, and 4-p-cyano-, 54. 
PhenyI-l:4:9:10-tetrahydronaphtha-5:8-quinone, 1096. 

1- Phenyl-l:4:9:10-tetrahydronaphtha-5:8-quinono, 1 -p-bromo-, 

1 -chloro*, and -fluoro-, 1095. 

i 2-Phenyl-3:4:5:6-tetrahydropyrimidine, salts, 501. 

4-Pbenylthiazole, 5-amino-, and its hydrochloride, and acetyl 
derivative, 1598. 

5-amino-2-morcapto , and its derivatives, 1603. 

5-bromo-2 amino-, 1J8. 

4- Phenylthiazole-5-carboxylio acid, 2-amino-, and 2-hydroxy-, 
ethyl esters, 1658. 

2- Phenylthiocarbamido-4-/3-diethylaminoethylaminoquinoline, 

2-p-chioro-, 909. 

2- Phenylthiocarbamido-4-y-diethylaminopropylamlnoquinoline, 

2-p-chIoro-, (K)9. 

5- (i'/"-Phenylthiocarbamido)-6-hydroxy-2-metbylpyrimidine, 4- 
amino-, 945. 

3- Phenylthio-2-methylpyridine, 4:0-dihydroxy-3-p-nitro-, 54. 
3-Phenylthio-2-methylpyridine-6-carboxylic acid, 4:0-(i!ihydr- 

oxy-3-p-nitro-, ethyl eater, and its mono-, and diacetyl 
derivatives, 54. 

Phenylthionacetamidoacetonitrile. 1 596. 

Phenylthiothiolacetic acid, phenyl ester, 560. 
PhenyI-p-tolyI-o-(2-bromoethyl)benzylethylphosphonium brom- 
ide, 1639. 

Phenyl-77-tolyl-o-(2-bromoethyl)benzylmethylphosphoniam 
bromide, 1639. 

Phenyl-p-tolylchloroarsine, 509. 

Phenyl-p-tolyl-p-chlorophenylarsine, and its derivatives, 509. 
Pbenyl-p-tolyl-p-chlorophenyl-p-bromophenylarsonium salts, 

511. 

Phenyl-p-tolyl-p-ethylphenylarsine, and its derivatives, 509. 
Phenyl-tn- and -p-tolyl-p-phenylyl-p-chlorophenylarsoninm 
salts, 510. 

Phenyl-p-tolyl-w-toly I-p-chlorophenylarsonium bromocam - 
phorsulphonate and iodide, 509. 
Phenyl-d-o-xylyl-p-chlorophenyl-p-bromophenylarsonium salts, 
612. 
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Photphitef. See under Phosphorus. 

Phosphorus orgsnio compounds, stereochemistry of» 1634. 

Phosphites, reaction of, with polyhalogen compounds, 674. 
Phosphorylation, 674. 

Phot^hemicai reactions in sunlight, 997. 
it-Phthalimidohensoio acid, 4-chloro-, 234. 
E-pbthaUmidohenaoylacetoacetic acid, 4 cbIoro-, ethyl ester, 
236. 

1- PhthaUmido-8-methylpentan-2-one, 376. 
8 -y-Phthalamidopropylamino- 6 >methoxy 4 mnoiine, 1337. 
Phthalimides, jV-substituted, reactions of, 1331. 
y-Phthalimidobutyramidine hydrochloride, 1377. 
S-Phtbalimidopropyl cyanide, 1370. 

8 -y-Phthalimidopropyi-r*sminopropylamino- 6 -methozyquinel- 
ine hydrobromide, 1336. 
y-Phthalimidothiohutyramide, 1376. 

Phthalo-2-acetozyethylimide, 530. 

Phthalocetylimide, 199. 

Phthalobis^H 6 -methoxy- 8 <qninolylamino)propyl]amide, and 

its derivatives, 1334. 

Phthalyl-2':4' r/tnitrophenylhydraEide, 837. 

Pioolinic acid, H-hydroxy-, 132. 
4-Picrylamino-3;3-dimethylhexane, 1 497. 

2- Picrylamino-3-phenylbatane, 1 499. 

Piperidine, N -amino-, acetyl derivative, hydrochloride, 66. 
Plperidinium benzenesulphonate, 385. 

Piperidinoethyl benzilatc, 60. 

2-Piperidino-4-methyl-l:6-naphthyridine, 7-amino-, 1409. 
7«Piperidino-4-phenyl«2-methyl-l:8-naphthyridine, 1410. 
Piperonilic acid, 953. 

Piqui-a fruit, coat fat of, glycerides of, 773. 

Plums, egg-, gum from, constituents of, 1064. 

Plutoniam, chemistry of, 1010. 

determination of, 1014. 

Poisons for catalysts, detoxication of, 624. 

Polycyclic compounds, metabolism of, 801 . 

Polymerides, high, equilibrium of, in gels and solutions, 280. 

structure of, by X-ray diffraction, 297. 

Polymerisation, magnetic studies on, 1350. 

of monomers in aqueous solutions, 266. 

Potassium ffuoaluminates, 1172. 
analysis of, 1175. 

2-Propaldehyde, 2-amino-, diethylmercaptal, and its picrate, 
2-br()moamino-, propionyl derivative, derivatives of, 372. 
Propane, 1-nitro-, reaction of, with formaldehyde and am- 
monia, 924. 

Propane-1- and -2-8alphonic acids, 2- and 1 -amino-, and 2> and 

1- nitro-, salts, 1483. 

Propanol, 1:3- and 2:3-dimercapto-, 592. 

Prop-l-ene, l-bromo- l-nitro-, and 1- and 2-nitro-, physical 
constants of, 1105, j 

Propenylphosphonio acid, diethyl ester, 1407. 

Propionamide, ^-amino-, benzoyl derivative, 1376. 
Propionamidine, jS-amino-, benzoyl derivative, hydrochloride, 
1376. 

tM>Propoxyoarbethoxymethyleneaminoacetic acid, ethyl ester, 

100 . 

£-i«oPropoxyethylamine, and its picrolonate, 313. 
isoPropoxymethyleneaminoacetio acid, ethyl ester, 101. 
a-isoPropoxymethyleneamino-jS-hydroxyacrylio acid, potas- 
sium ethyl ester, 101. 

Propyl ally ! sulphide, 1 529. 

butyl sulphide, 2 nitro-, 1479. 
n-Propyl cyanide, 3-ainin(»-, and its derivatives, 1370, 

2-nitro., 1502, 

H- and iso-Propyl 2-nitroethyl ethers, 1476. 
isoPropyl n- butyl ether, 2-nitro-, 1476. 

cyanide, 2-nitro-, 1501. 

Propylamine, 2:3-d/mercapto., 594. 
isoPropylamine, 2-mtro-, and its hydrochloride, 1488. 
Propylammonium toluene-p-sulphonates, 385. 
isoPropylaniline, 2'nitro-, 1489. 
tsoPropylbensene, 2-nitro.4-amino-, 186. 
u-Propyl-n-buiylcarbinyl a-napbthylurethane, 751. 
ft-Propyl n-butyl ketone, 2;4-d»nitroph6nylhydrazone, 762. 

Propyl butyl sulphone, 2 -nitro*, 1479. 
u-Propyldi-n-octylamine, 200. 
teoPropylryclohexane, njtrO‘ 2 - l-nitro-, 1491. 

2- iiitro-, 1499. 

l-iaoPropylcyolohezene, l-(l-nitro*2:2'-dihydroxy)-, 1474. 


2':3'-tsoPropylidene adenosine- 6 " dibenzyl phosphate, 660. 
2-MoPropylideneamino-4-methozybeniamide, 894. 
3:4-tsoPropylidene /3-methyl4-arabopyranoside, 971. 
7^-Propyl-»-octylcarblnol, 758. 

4-tsoPropylphenol, 3-ammo-, and 3-nitro-, 186. 
p-MoPropylphenyidiallylphosphine, and its mercurichloride 
1448. 

p-i«oPropylphenyldi-j3-methylallylph08phine, and its mercuri- 
chloride, 1449. 

4-Fropylpiperidine-2-carboxylic acid, ethyl ester, 224. 
Propylthiol, 2-nitro-, 1481. 

Purines, 8-amino-, synthesis of, 943. 

Purine nucleosides, synthesis of, 355. 

spiroPyrans, thermochromic, action of Grignard solutions on. 
847. 

Psrrazine, derivatives of, 370, 373, 1179, 1183. 

jY-oxides, conversion of, into chloropyrazines, 1183. 
Fyraiine-, 2-hydroxy-, 372. 

Pyrene, crystal structure of, 358. 

Pyridazine, derivatives, formation of, from sucrose, 239, 640. 
Pyridine, chemistry of, 132. 

reaction of, with p-acetamidobenzenesulphonyl azide, 60. 
with thiocyanates, 816. 

Pyridine, 2-amino-, toluene-p-sulphonate, and its benzoyl 
derivative, benzenesulphonate, 387. 

3- hydroxy-, methiodide, and its JV-phenylurethane, and it« 
methiodide, 188, 190. 

2-hydTOxy-5-cyano-, 88. 

Pyridininm salts, X-amino-, 65. 

3:4:2":3"-Pyridoacridine, derivatives of, 678. 

3:4:2":3 -Pyridoacridine, 2:5-dichloro., and 2:5:8-/richloro-, 680. 
3:4:2':3"-Pyrid08cridone, 2-chloro-, 680. 
4-a-Pyridyiamino-6-methoxyquinaldine, 1 553. 
X-2-Pyridylbenzamidine, and its salts, 1115. 
2-Pyridyldihydrogiyoxaline8, and their salts, 500. 
X-2-Pyridyl-X'-methylbenzamidine, and its picrate, 388. 
iV-2-Pyridyl-p-methyl8nlphonylbenzamidine, and its picrate, 
1115. 

9-(3'-Pyridyl)phenanthridine, and its derivatives, 1413. 
9-(3"-Pyridyl)phenBnthridine, amino- and nitro-derivatives, and 
theJr derivatives, 1414, 1415. 
2-a-Pyridyl-3:4:5:6-tetrahydropyrimidine picrate, 500. 
2-2'-Pyridylthionaphthen, 3-hydroxy-, 1577. 

Pyrimidine, 2-a»-amino- and 2-a)-Bulphanilamido-alkyl deriv- 
atives of, 1372. 

Pyrimidine, frichloro-, preparation of, from barbituric acid, by- 
product from, 1247. 

4- chloro-2:6-diamino-, 46. 

Pyrimidines, formation of, 1394. 

quinolylamino-Bubstituted, 1613. 

Pyrrocolines, chemistry of, 670, 672. 

Pyrrocoline-2-carboxyUo acid, synthesis of, and its methyl 
ester, 672. 

Pyrrole dyes, conversion of )5-cycloylpropionitriles into, 1190. 
4-(2 -Pyrryllthiazole, 2-amino-, 1659. 
4-(2'-Pyrryl)-2-methylthiazole, 1659. 

Pyruvic acid, and its ethyl ester, l-chloro-2-naphthylhydr- 
azones, 543. 


Q. 

2-(6'-Qainaldylamino)-4-hydroxy-6-methylpyrimidine, 161 6. 
8 -( 6 '-Quinaldylamino)- 6 -methylpyrimidine, 4-cbloro-, 1616. 
QninazoUnes, 4-sub8tituted, 896. 

Quinazolone, 4:7-d»chloro- and 4-chloro-7-nitro-, 895. 
Quindoline, preparation of, and its derivatives, 607. 
Quindoline, 7- and 11-amino-, 7-bromo-, 11-cyano-, 7- and 11- 
nitro-, and 7:4-dinitro-, and their derivatives, 609, 610, 611. 
QuindoUne-ll-carboxylic acid, and its derivatives, and 7- 
amino-, 7-bromo-, and 7-nitro-, 609, 611. 

Qoinol, additive complexes of, structure of, 208. 

Quinoline, 5-bromo-, 5-chloro-, 5-cyano-, and 5-hydroxy-, and 
their derivatives, 440. 

7-bromo*, 7-chloro-, 7-cyano-, and 7*hydroxy*, and their 
salts, 441. 

7-chloro-, and its salts, 443. 

7- chloro-2:4-d»bydroxy-, 906. 

8 - hydroxy-, JV'-methylurethane methiodide, 190. 

5- and 7-nitro*, and their derivatives, 442. 
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2 -{ 2 uinolylaiiiino- 4 -dialkylaniinoalkyiamino- 6 -methylpyrimid- 
ineSt 1617, 1618. 

^( 6 '- and 8'*^mnolylamino)-8-j3-diethylaminoathylamino- 
6 -methylpyrimidine 8 , and their hydrochlorides, 1617. 

4.(8'-Qainolylaniino)-2-j3-diethylaminoethylamino-6-methyl- 
pyrimidine, and its dihydrochloride, 1619. 

^( 5 '- and 8 '-QmnolylaminoH-hydrozy- 6 -methylpyriniidines, 
1616. 

g.( 5 '- and 8 "-Qninolylamino)- 6 -methylpyrimidines, 4-chIoro-, 
1617. 

2 .( 6 '-Qainolylamino)- 4 »hydrozy- 6 -methylpyriniidine, 1616. 

2 -( 6 '-Qainolylamino)- 6 -methylpyrimidine, 4>chloro*, 1616. 

e'-Qninolylanthranilic acid, 8'>chloro-, and its ethyl ester, 679. 
4:8-d*chloro-, 680. 

^8'-Quinolylthionaphthen, 3<hydroxy-, and its acetyl deriv- 
ative, 1577. 


R. 

B.63, constitution of, 1331. 

Reactions, aromatic side-chain, in relation to polar effects of 
siibBtituents, 713. 

Reduction by dissolving metals, 102, 1642. 

Resins, natural, phenoUc, 948. 

phenolic, spectra of, vibrational, 1260. 

Respiration, stimulants of, 307. 

Reteneqninone, reaction of, with stilbene, 999. 

Rhamnocitrin, constitution of, 122. 

Rbamnose, determination of, 1048. 
d-Ribobenziminazole, preparation of, 23, 24. 

Ricinoleic acid, alkaline scission of, 753. 
Ricinoleovanillylamide, 614. 

Rings, alicyclic, formation of, cyclisation in, 1028. 

Rubber, reaction of, with hydrogen sulphide, 1532. 
with sulphur, 1699. 

vulcanised, infra-red ^ctrum of, 1699. 

Rubrene, fluorescence ofj in various solvents, 106. 


S. 

Saccharic acid, thallium hydrogen salt, 1381. 

Sandmeyer reaction, 173. 

^•Santonin, constitution of, 533, 1157. 

Sarcosine, ethyl ester and nitrile of, 661. 

Uchizofhyllum commune^ sulphide conversion by, 424. 
Scopulariopsiti hrevicaulis, sulphide conversion by, 424. 
Selenium rftoxide, dehydrogenation and oxidation with, 764. 
Silica gel, preparation of, 33. 

Silicochloroiorm, organic derivatives of, 1592. 

Silicon organic compounds 
Silicon ieirachloride, derivatives of, 1592. 

Skraup reaction with m-substituted anilines, 437. 

Sodium, reduction by, in liquid ammonia, 102. 

Sodium organic compounds 

Sodium acotyhde, reaction of, with epichlorohydrin, 1583. 
butoxide, reduction of o^-unsaturated carbonyl com- 
pounds by, 851. 

Solids, granular, heat exchange between gas streams and, 416. 
Solubility at high temperatures, apparatus for measuring, 1679. 
Solutes, B^aration of, chromatographic, 1308, 1321. 

Solvents, fluorescence quenching in, 105. 

non-aqueous, acid-base catalysis in, 24. 

Spectra, absorption, infra-red, of amides, 1248. 
of 2:4-dinitrophenyl8emicarbazones, 1387. 
of nitrogen organic compounds, 331. 
ultra-violet, 1104. 

of l-phenylbutadienes, phenylpropenyloarbinols, and 
styrylmethylcarbinols, 1087. 

infra-red, measurement of, and their value in structural 
diagnosis, 978. 
of alkylphenols, 644. 
of maoromolecules, 289. 
of olefins, 1540. 

vibrational, of phenolic derivatives and resins, 1260. 
Sqnalene, reaction of, with sulphur, 1546. 

Stearamidine, and its isethionate, 741. 

Stilbene, addition of halogens to, 628. 
reaction of, with retenequinone, 999. 

6 T 


Stilbene, fm».s-pp'-rfiainino-, 1454. 

Strawberry pectic acid, molecular structure of, 1218. 

Strontium azide, irystal structure of, 881. 

Strychnine. 78, 1554, 1557. 

neoStrychnine, preparation of, and its iV-oxide benzoate, 78. 
Strychnineacetic acid, (h'gradation of, 1557. 

Styrene, addition of halogens to, 628. 

Styrene, j3-bromo-/3-nitro., jS-chloro-jS-nitro-, and /S-nitro-, 
physical pr<j}>ertie8 of, 1 105. 

Styrylmethylcarbinol a-najihthylurothanc, 1096. 
Styrylmothylcarbinol, p-bromo-, p-chloro-, and p-fluoro-, and 
their a-naphthylurothanes, 1095. 

Styrylmethylcarbinols, substituted, preparation and ultra- 
violet ad8or})tion of, 1087. 

2-Styrylpyridine, 2-p-(!yano-, 88. 

4- Styrylpyridine, 4-p-ainino-, 560. 

Substitution, aromatic, hy halogens, 1167. 

at saturated carbon atoms, 558. 

l)y halogen, methoxy, and methyl grou|>8 attached to 
phenyl, 1096. 

Sucrose, conversion of, into furaii (iompounds, 396. 
into pyridaziiie derivatives, 239, 549. 
into thiazole derivatives, 590, 1400. 

1 :4-3;6-diiinhydro mannitol and l:4-3:6-dianhydro sorbitol 
from, 433. 

solubility of, in vattjr at liigh temjw^raturos, 1678. 
thallouH derivative, 1382. 

Sugars, methylated, quantitative separation of, 1344. 
8-(4'-SnlphamidobeDzyl)dihydroglyoxaline, salts, 501. 
Sulphauil-O-acetylvanillylamide, sulphate, <516. 

5- Sulphanilamido-2-benzylthiazole, and its 5-acetyl derivative. 
1,597. 

3>SulphanUamido-6>methylpyridazine, and its dorivai’vos, 24.3. 
2-Sulphanilamido-4-methylthiazole-5-acetic acid, and its deriv- 
atives, 591, 592. 

Sulphanilamidotbiazoles from bevulic acid, 590. 
Sulphanilhomovanillylamide, and its hydrochloride and N*- 
acetyl derivative, 610. 

Sulphauilic acid, conductivity and viscosity of, 76. 
Sulphanil-a-yamllylethylamide, and its })y<lrocJiloride and JS*- 
aeetyl derivative, 616. 

/?>Sulphauilyl>a-acetylguanidine, 822. 

j3-Sulphamlyl-a-2-diethylaminoethylguanidine, and its acetyl 
derivative, 822. 

j3-Sulphanilyl-aa-diethylguanidine, and its acetyl derivative, 
821. 

^-Sulphanilyl-aa-dimethylguanidine, and its acetyl derivative, 
821. 

Sulphacilylguauidine, derivatives of, 820. 
j?-Salphanilyl-a-2>methoxyethylguanidine. and its acetyl deriv- 
ative, 821. 

/?-8alpbanilyl-u-methylguanidine, 821. 

SuIphauilylvanill-./Vi-phenylamidine, and its i7*:0-tliacetyl 
dorH'ative, 617. 

polySulphides, organi<\ thermal decomposition of, 1547. 
Sulphide linkings, fission of, by moulds, 424. 
2-(4'-Sulphonamidophenyl)dibydroglyoxaline, 500. 

Sulphones, imsatiirated, reaction of, with nitro-paraffins, 1514. 

1- 4'-Snlphophenyl>2:7-diazacyc/aheptene, 500. 

2- (4'-Sulphopbenyl)dihydroglyoxaline, 500. 
2>(4"-Salphopbenyl)-3:4:5:6*tetrahydropyrimidine, 500. 

Sulphur, reaction of, and of its compounds, with olefinic sub- 
stances, 1519, 1.532, 1546, 1547. 

with rubber, 1699. 
with squalene, 1546. 

Sulphuric acid, nitration in, 474, 1 1 85. 

Sulphur organic compounds, 693. 

Sulphuric acid. See under Sulphur, 

Sunlight, photochemical reactions in, 997. 

Surface chemistry, applications of, in colloid science, 1422. 
Sylvan, production of, from furfuraldehyde, 1068, 

Systems, azeotropic, binary, pressuro and temperature re- 
lationships in, 597. 

T. 

Tartaric acid, dipropyl thallium, trisdimothylthallium, and tris- 
diethyl thallium esb rs, 1384. 
meaoTartario acid, /!e<rathallium salt, 1381^). 

Tea, green, catechins of, 32. 
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T0n»enei, 1565. 

l:2:S:5-T«tra-acetyl (2-iibotiuaiioM, 1054. 

Tetia-arylanoniam salts, properties and synthesis of, 505. 
Tetra-arylphosphoniuia salts, 505. 

Tetra-arylstiboninm salts, 605. 

TetrasthyldiohlorodisUozane, 1592. 

A-Tetraethylgnanidine picrate, 396. 

jVJVJ^r'iir'-TstrastJiylpipsrasijalain dfchloride, NNN*N'’tetra-2- 
hydroxy-, 529, 

salts, NNN'N''tetra(ihloTO‘, and -iiilrahydrbxy-, 629. 
Tetrahydroacridine, amino-derivatives, 634. 
l:2:3:4-Tetrabydroacridine, 6-amino-, 5-chloro-7-, -8-, and -9- 
amino-, and 6-chloro-9-nitro-. and their derivatives, 636. 
Tetrahydroacridones as antimalarials, 1034. 
1:2;8:4<-Tetrahydroacridose, 6-ammo-, and its 6-acetyl deriv- 
ative, 637. 

7.chloro., 1037. 

Tetrahydronaphthalene, autoxidation of, catalysis of, 494. 

chloromotbylation of, 1432. 
Tetrahydronaphthalene-S-carbozylio acid, 951. 
l:S:3:4*Tetrahydroisopho8pliinolioinm salts, 2:2-diBnbstituted, 
synthesis of, 1634. 

l:2:3:4-TetrahydrotdOQiiinaldinio acid, and its J^^-benzoyl 
derivative and its methyl ester, 129. 
Tetrakis-p-amidinophenylethylene isethionate, 84. 
Tetrakis-p-cyanophenyletbylene, 83. 

Tetralin. See Tetrahydronaphthalene. 
2:3;6:7»Tetr8methozy-0:10-diet]iyl-9:10-dihydroanthracene,950. 
2;4:4:6-Tetramethyl-2-(2-aininotsobatyl)hezaliydropyriinidine, 
1399. 

2:4:4:6-Tetramethyl-2-(2-aminot«obiityl)-2:8:4:5-'tetrahydro* 
pyrimidine, 1308. 

Tetramethyldiaminophenols, and their derivatives, 188, 190. 
Tetramethylenediammoninm bistoluene-p-sulphonate, 503. 
6:6-cyc/oTetramethyIene-2:4-dithiohydantoin, 683. 
2:2:3:3-!retramethylpentane, 1-nitro-, 1498. 
2:2:6:6-Tetramethyltetrahydroihiopyr8n, synthesis of, and its 
mothiodide, 1107. 

aa^jS-Tetramethylvalerio acid, 1498. 
Tetraphenylethylenetetra-p-iminoethyl other, 84. 

Tetrathallinm erytbrltol, 1381. 

Thallium compounds in organic chemistry, 1378. 
Theophylline-7-i3-</-ribolaranoside, 1054. 

Thiazole, 2-ui-amino- and 2-(u-8ulphani]amido-alkyl derivatives 
of, 1372. 

derivatives, conversion of sucrose into, 690, 1400. 

Thiazole, 2-amino-, chlorination of, with sulphuryl chloride, 
431. 

Thiazolei, 1656. 

Thiasoles, 5-amino-, preparation of, 1594. 

Thiazole seriez, 323. 

4:4'-ApiroThiazoline, 2:2'-dtamino-, and its salts, 325. 
4*ThiazolylmethyU>othiourea, and its dihydrochloride, 324. 
i8*2-ThienoylpropiomtrUe, 1194. 

Thioaoetamide, amino-, benzoyl derivative, 1373. 
Tbioaldehydei, trimeric, stereochemistry of, 693. 

Thioanizolo, 4-hydroxyamino-, 861. 

4-nitro80-, preparation and reactions of, 851 . 
^"-Thiocarbethoxymorpholine, 1598. 

Thio-compounds, addition of, to olefins, 36. 

Thiocyauic acid, esters, conversion of, into disulphides, 81.5. 

ferric salt, complex, 336, 

Thioglyoollic acid, reactions of, with olefins, 36. 

Thiohexoamide, 5-amino-, benzoyl derivative, 1377. 
Thiohydanioius, 681, 684. 

Thioindigoid dyes, brominated, 742. 

Thiols, addition of, to a-nitro-olefins, 1477. 

aliphatic, and their derivatives, 320. 

Thiolamines, aliphatic, 320. 

Thiol-esters, preparation and properties of, 559. 

Thionaphthens, hydroxy-, formation of, from benzene sul- 
phonyl benzt^othiazol one, 1 .574. 

Thionapbthiudole, and its stilts, and 2-nitro-, 656, 657. 
Thionaphthindole, 12-chloro-, and its picrate, and 6-nitroso-, 
657. 

Thionaphthindoles, pre])aratiQn and properties of, 653. 
Thiophen, detoxication of, 624. 

Thiophenol, reactions of, with olefins, 36. 

Thiopropionamide, a-amino-, benzoyl derivative, 1375. 
^-araino-, benzoyl derivative, 1376. 


Thiopyran series, syntheses in, 1106. 

Tbioundecoamide, ll-amino-, 11-benzoyl derivative, 1377. 
Thiourea, reaction of, with s-dichloroacetone, 323. 
Thiozanthone, 2-amino-, and its diacetyl derivative, 1233. 

4-amino-l -hydroxy-, 1234. 

Thymic acid, barium salt, preparation of, 1141. 

Thymus, calf, deoxypentose nucleic acid from, and its sodium 
salt, 1129, 1131, 1141. 

Tilden lectures, 853, 1422. 

Tin, reaction of, with halogen solutions in organic solvents, 
736. 

o-Tolualdehyde, 5-bromo-, and its derivatives, 692. 

Toluene, nitration of, isomers formed in, 921. 

production of, from benzene and methyl ether, 928. 
Toluene, 2:4-dtamino-, and 2-mtro-4-amino-, 4-formyl deriv- 
atives, 249. 

2:4-dtmtro-, nitration of, 474, 1185. 

3:4:5-<rinitro-, preparation of, 1394. 
2-;)-Toluene8nlphenamido-4-methylthiazole dihydrate, 116. 
2-jp-Toluenesalphenamidothiazole, 113. 
Tolaene-p-salphon-l-bromo-6- and -7-nitro-2-naphthalide8, 330. 
jp-Toluenesulphonmethylisopropylamide, 311. 
p-Toluenesulphon-2-naphthalide, l:7-dtnitro-, 1061. 
ToIuene-p-sulphon-6- and -7-mtro-2-napbthalide8, 330. 

8- (2'-p-Toluene8ulphonylcarbamylphenyl-l"-thio)pentane-2:4- 
^one, 1576. 

5- p-Toluenesalphonyl 3-methyl l:2-acetone ^•arabofuranose, 

1063. 

2-p-Toluene8ulphonyl a-methyl-i-arabopyranoside, 972. 
2-p-Toluene8ulphonyl jS-methyM-arabopyranoside, 971. 
2-p-Toluene8ulphonyl 3:4-tsopropylidene, jS-methyl-2-arabo- 
pyranoside, 071. 

Toluidino-. See also Methylanilino-. 
2-Toluidinotsoindolino-3-aoetic acid, 2-4'-nitro-, and its 
methyl ester, 473. 

a-;>-Toluidinophenylacet-j9-chloroamlide, 1044. 
jp-Toluidinophosphonic acid, dibenzyl ester, 677. 

6- p-Toluidinopyrimidine, 4-chloro-2-amino-, and its hydro- 
chloride, 1362. 

o-Toluoyl chloride, 5-bromo-, 690. 

0- Toluoylhydrazide, 5-bromo-, and its bonzenesulphonyl 
derivative, 691. 

1- i^Tolaoylnaphthalene-2-carboxylio acid, and its lactone, 765. 
jS-p-Toluoylpropionitrile, 1193. 

l)-Tolyl 2-aminoethvl sulphide, hydrochloride, 1481. 

2-amino-4-methyI-5*thiazyl sulphide, and its 2-acety] 
derivative, 116. 

2-amino-6-thiazyl sulphide, and its 2-acetyl derivative, 113. 

0- Tolylacetic acid, 5-bromo-, 691. 

i)-Tolyl 2-amiDO-4-methyl-5-tluazyl sulphone, and its 2-acetyl 
derivative, 117. 

i^-Tolyl 2-amino-5-thiazyl sulphone, and its 2-acetyl derivative, 
114. 

2- p-TolyU'soar8indoline, and its derivatives, 666. 

77 -Tolyl 2-benzamidoethyl sulphone, 1481. 
JV-p-Tolylbenztsothiazoloue, 1234. 

1- Tolylbuta-l:3-dieues, and their adducts, 1094. 

2- p-Tolyl-2-p-chlorophenacyl-ldi:3:4-tetrahydroisophos- 
phinolinium bromide, 1639. 

p-TolyldiallylphOBphiue, and its mercurichloride, 1448. 
a-?>-Tolyl-j3^-di-p-anisylacrylamide, 643. 
a-p-Tolyl-jS^-di-p-anisylacrylonitrile, 643. 

0- Tolyl diazomethyl ketone, 5-bromo-, 690. 

1- (o-Tolyl)-l:4-dihydronaphthaqninol ^/iacetate, 1094. 
^Tolyldi-jS-metbylallylphosphine, and its mercurichloride, 1449. 
fn^Tolyldi-p-tolyl-p-chlorophenylarsonium iodide, 613. 
m-Tolylhydrazine, 4-chloro-, 1559. 
B-p-Tolyl-S-methyUsoandndolinium iodide, 666. 
l)-ToIylmethyldi-j3-methylailylpho8phonium iodide, and its 

salts, 1449. 

l^-Tolyl 2-nitroeihyl sulphone, 1481. 

Tolylpropenyloarbinols, 1094. 
4-7>-Tolyl8ulphonyl-2-methylbutaoe, 2-nitro-, 1516. 
4^Tolyl8ulphonylpyridine, 54. 
l-Tolyl-l:4:9:10-tetrahydronaphthaauinone8, 1094. 

9- m- and - 7 >-Tolylzanthen 8 , and their peroxides, 1000. 

Tosyl*. See Toluenesulphonyl-. 

Toidcity, efifect of constitution on, 176, 182, lOL 
Tiiaoetyl-2:3-dimeihylindo!e, 1633. 

Trialkyl phosphites, reaction of, with alkyl halides, 1465. 
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TnaUylpliospliine, and its denvatives, 1448. 

8:8':5 -Triamidino-ay^iphenozypropane, 6*cyano-, 83. 

Tri-o- and -m-anisylstiblnes, 15§9. 
a/^i^Triarylacrylio acids, and their derivatives, 641. 
ajSjS-Triarylaorylonitriles, 641. i 

Triarylstibines, preparation and properties of, 1568. 
l:8:3-Triaaole-4-carboz7lic acid, 6-hydrozy-, esters, tautomeric 
change of, to aliphatic diazo-compounds, 1384. 
5;6-(4:5-Triazolo)-4-]iydroz]r-8-methylpyrimidine, 947. 

0-5:8':4'-Tribenzoyl-0-3-methylmorimdin chloride, 1684. 
8:4:6^ribenzylozypyriinidine, 730. 

Tri-n-bntylallyltin, 1450. 

Tri-n-butylohlorotin, 1450. 

Tricarbocyanines, symmetri(jal, with one or more methyl 
groups as chain substituents, 960. 

Tricateobylarsenio acid, i-barium salt, 511. 

Triethylallyltiii, 1450. 

Triethylamine, 2:2'':2^''-trtohloro-, 527. 

2:2'-d*thiocyano-, 2:2':2"*<nthiocyano-, 2:2'-dithioI-, and 
2:2':2''-fnthiol-, and their derivatives, 322. 
^Vi^JV^'-Triethylbenzamidine, salts, 386. 
Triethyl-2-ethylaminoethylarea, 315. 
Triethyl-8-hydrozyethyiammoninm iodide urethanes, 181. 
Triethyltrichlorodisilozane, 1591. 

Tri-7i-hexylamine oxalate, 200. 
2':9:10'Trimethoxy-l:8-benzanthraoene, 942. 
2':9:10-Trimethoxy-9:10-dimethyl-9':10^hydro-l:2-benz- 
anthraoene, 942. 

3:5:7-Trimethoxyflavone, d'-hydroxy-, and its acetyl derivative, 
123. 

j^TiViV'-Trimethylacetamidinium bonzonesulphonate, 385. 
Tri-jS-methylallylarsine, and its morcurichloride, 1450. 
Dri-jS-methylallylphosphine, and its derivatives, 1448. 
l:3:3-Trimethyl-2-aniloethylid6neindoline, 959. 
l:3:3-Trimethyl>2-(3'-benzoylallylidene)dihydroindole, 1630. 
4:6«Trimethylenebenzthionaphthindoles, 657. 
Trimethylenediammonium bistoluene-p-sulphonate, 503. 
Trimethylenedipbosphonic acid, tetraethyl ester, 1467, 
Trimethylene glycol, dtthallium derivative, 1382. 
4:6-Trimetbylenethionapbthindole, and its picrate, 657. 
2:2:6-Trimetbyl-6-etbyl-tetrabydropyran, 1 1 08. 
2:2:6>Trimethyl-6-ethyltetrahydrothiopyran, 1 108. 
1:2:6-Trimetbylbeptyl l:5-dimcthyl.l-ethylhex-4*enyl or 4- 
methyl-l-f<fopropylhex-4-erivl sulphide, 5(or 2)-mercapto-, 
1539. 

2:2:3-Trimethylci/ctobexane-l-carboxylic acid, 1567. 
^//-2:2:3-Trimetbylcyc2obexane-l-carbozylic acid, 1565. 
2:2:3>Trimetbylcyclohexanone, and its semicarbazone, 1567. 
2:2:3-Trimetbylcyclohex-6-ene, 1-cyano-, 1567. 
2:2:3-Trimethylcyc2ohex-6-ene-l-carboxylic acid, 1567. 
Trimethyl-4-hydrozybutylammonium chloride urethane, 180. 
Trimethyl-lO-bydroxydecylammonium chloride urethane, 181. 
Trimethyl-2-bydioxyetbylammouium chloride and iodides, 
urethanes and derivatives from, 180. 
chloride urethane, compounds related to, 176. 
Trimethyl-6-bydroxyhexylammonmm chloride urethane, 180. 
Trimethyl>8>bydrozynonylammonium chloride urethane, 181. 
Trimethyl-8-hydrozyoctylammonium chloride urethane, 181. 
Trimethyl-S-bydroxypentylammonium chloride urethane, 180. 
Trimethyl-3-hydioxypropylammonium chloride urethane, 180. 
l:3:3-Trimeihyl-2-(3'-m»methoxybenzoylaIlylidene)dihydro- 
indole, 1630. 

2:4:4-TrimethylpeBtane-8-snIphonic acid, 1 -nitre-, sodium salt, 
1485. 

2:4:4-Trimethylcpc2opentanone, 1029. 
2;4;4-Trimethylcyc/opentanone-2-carboxylic acid, ethyl ester, 
1029. 

l:3:8-Trimetbyl»2-pent-(2'-en-4'-onylidene)dihydromdole, 1630. 
3:5;6-Triniethylpyrazine, 2-hydroxy-, 376. 
l:2:2-Trim6thyl-^pyrroUdone, 1511. 

2:4:6-Trimethylthiazole, preparation of, 1400. 
Tri-jS-napbtbylstibme, 1570. 

Tri-n-nonylamine, and its oxalate, 200. 

Tri-o-pbenetylstibme, 1569. 

Tri-p-pbenoxypbenylstibine, 1569. 
Triphenyl-^tbylpbenylarsonium iodide, 508. 


(*f ) + dM:l:2-Triphenylpropan-l-ol, 437. 
l:l;2-Triphenylpropylene, 437. 

Tripbenylstibine, <rt-n-bromo-, and iri-o- and -n-chloro-, 1569, 
1570. 

Triphenyl-m-tolylarsonium iodide, 508. 
Tris(benzylmetbyleneimiae) methiodido, 1118. 
Tris-(2-methylsulphonylethyl )metbylamine, 1516. 
Tris-(2-metbyl8ulphonylethyl )nitrometbaue, 1516. 
2:4:6-Tris-p-metbylsalpboaylphenyl-l:3:5-triazme, 1113. 
l:3:5-Tri8-2':2':2'-irtnitroethylbenzene, 1237. 

Trithaliium glycerol, 1381. 

Tri>(2-/8cthiocarbamido-2-ethyl)amine ^e^mliydrochloride, 322. 
Trypanocides, 67. 

i-Tubocurarine chloride, 937. 


U. 

Undecanal 2;4-d/nitrophenylhydrazono, 199. 

Unsaturated compounds, kinetics of halogen addition to, 628, 
630, 1168. 

Ureas, substituted, from ow-alkylenediaminos, 307. 

Ureido-. See Oarbaraido-. 

Uridine phosphates, 338. 

Uridylic acid, di brucine salt, 341. 


V. 

Valeric acid, /-er/d/iro-J:3:44nhydroxy-, phonylhydrazide, 972. 
Valeroidine, structure of, 1330. 

Vanillin, amides and amines from, 613. 

Vauillinanil, 0-acetyl and 0-bonzoyl derivatives of, 616, 
Vauill-A'^-phenylamidine, O-acctyl and 0-bonzoyl derivativesi 
616, 017. 

Vapour pressure of liquids, relation of, to density and viscosity, 
822. 

Vinyl compounds, polymerisation of, in gas and liquid phasi*, 
274. 

2-Vinyl-l:8-dithia-2-arsac;vclohexane, 2-2-chloro-, 595. 

5-hydroxy-2-2-chloro-, 595. 
2-Vinyl-l:3^ithia-2-ar8ac//c/opentane, 2-2-chl()ro-, 595. 
1-Vinylcvciohexene, 1-1-nitro-, and its dimer, 1474. 
Vinylpbosphonic acid, diethyl ester, 1467. 

Viscosity of nfjueous solutions of amino-acids, 74. 

of liquids, relation of, to density and vapour pressure, 822. 
Volume, molecular, of lanthauoii elements and their derivatives, 
1084. 


X. 

w-Xylene, a>-bromo-5-nitro-, ww'-dibromo-O-nitro-, and toto'- 
dtiodo-5-nitro-, 1236. 

3-(o-3-Xylidino)-4:5-benzocoumaran, 1 047. 

3-(ta-4-Xylidino)-4:5>benzocoumaran, 1047. 

3>(p-Xylidino)-4:5-beuzocoumaran, 1047. 

3-(7>-Xylidino)-4;6-coumaran, hydrochloride, 1047. 

l>(4'Xyiopyranosidoglyoxaline-4.’5-dicarboxyamide, and its 1- 
triacetyl derivative, 381. 

9-f/-Xylopyranosidoxantbine, 381. 

(/-Xylosidoglyoxaline-4;5-dicarboxyUc acid» 1-triacetyl deriv- 
ative, methyl ester, 380. 

p-Xylyldiallylpbosphine, and its mercurioliloride, 1448. 

p-Xylyldi'jS-methylailylphosphine, and its mercurichloridc, 
1449. 

o-Xylylene bis(phenyldimethylar8onium picrate), 665. 

o-Xylylene, 4-chloro-, derivatives of, 668. 

o-Xylylenearsinic acid, and its nitrate, 667. 

p-Xylylmethyldi-^-methylaLlylphosphonium iodide, and its 
salts, 1449. 


Y. 

Yeast ribonucleic acid, constitution of, 21, 338. 
Yttrium in rare-earth group, 118. 
relation of, to lanthanons, 1084. 



FORMULA INDEX. 


The following index of organic compounds of known empirical formula is arranged according to Richter’s 
system (see Lex^on der Kohlenatojf- Verbindungen), 

The elements are given in the order, C, H, 0, N, Cl, Br, I, F, S, P, and the remainder alphabetically. 

The compounds are arranged — 

Firstly, in groups according to the number of carbon atoms (thus Cj group, C 2 group, etc.). 

Secondly, according to the number of other elements besides carbon contained in the molecule (thus 5 IV 
indicates that the molecule contains five carbon atoms and four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) present in the molecule. 

Salts are placed with the compounds from which they are derived. The chlorides, bromides, iodides, 
and cyanides of quaternary ammonium bases, however, are registered as group-substances. 


CCl.tSe Perchloromethylselenol, 1083. 


Group. 


1 m 

CH 4 N 3 S Thiourea, reaction of, with s-dichloroacetone, 323. 
CH 4 ( 92 Si Methyldichlorosilane, 1593. 


Cg Group. 

C 2 H 2 O 4 Oxalic acid, dihydrate, crystal and molecular structure of, 142; hydrated rare-earth salts of, 
1687. 

OSH 4 O 8 Glycollic acid, dithallium salt, 1381. 

CsHeO Dimethyl ether, reaction of, with benzene, 928. 

CaHflNt 2 -Aminoethylamine, tolueno-p-sulphonate, 502. 

Ethylenediamine, bistoluene-p-sulphonato, 503. 

CsCleSe Hexachlorodimothyl selenide, 1083. 

2 m 

CaHsClsSn Ethyltrichlorotin, 1450. 

CaHeNaS Methylammonium thiocyanate, 394. 

CaH«ClaSi Ethyldichlorosilane, 1593. 

2 IV 

CaHOdsS Trichlorothiolacetic acid, 141. 

CaHaOCIaS Dichlorothiolacetic acid, 140. 

CaHsOClsSia Ethylpentachlorodisiloxane, 1591. 

CaHsOaNS 2-Kitroethylthiol, 1480. 

CaHsO^S 2-Nitroothanesulphonic acid, salts, 1483. 

Ca]^OCl 4 Sia Dimcthyltetrachlorodisiloxane, 1592. 


C3 Group. 


CaH.Oa Lactic acid, dithallium salt, 1381. 

CgHeNa 1-Aminoothyl cyanide, hydrochloride, 1371. 

Sarcosino nitrile, and its picrate, 661. 

CaHioNa Trimethylenediamine, bistoluene-p-sulphonate, 503. 

8 m 

CsHaON Oxazole, 102. 

C3H40Cla s-Dichloroacctone, reaction of, with thiourea, 323. 

CANaS 2-AmiiiothUzole, oUorination of, with sulphury! chloride, 431. 

Trithallium glycerol, 1381. 

C.H.O,S Methyl vinyl sulphone, 1515. 

CAO,Tl. Dithallium trimethylene glycol, 1382. 

CaHfOaN 1-Nitropropane, reaction of, with formaldehyde and ammonia, 924. 
CaHyOaN Methyl 2-nitroethyl ether, 1475. 

CaH 7 Br 4 Sll Allylpentabromostannic acid, 1450. 

CaHgOl^ 2:3-Dimercaptopropanol, 594. 

CAOA 2-Nitro»«opropylamine, hydrochloride, 1488. 

GAON Methyl 2-aminoethyl ether, picrate, 1476, 1477. 

CaH^Si 2:3>Dimercaptopropylamine, 594. 

8 IV 

CaHiOl^S 2-Thiohydantom, 560. 

CAOilfS Methyl 2-nitroethyl sulphide, 1479. 

2-Nitropropylthiol, 1481. 

CAO 4 NS Methyl 2-ttitroethyl sulphone, 1479. 

CArOftNS 1- and 2-Nitropro^ne-2-8ulphonio acids, salts, 1483* 

OaHgOKaCl a-Amidinoacetamide, hydrochloride, 617. 

CaHaOaNS Methyl 2-aminoethyl sulphone, 1479. 
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C4 Group. 

CtHa uoBntylene, dimerisation of, 250. 

4 n 

CAOt Aoetylenedicarboxylio acid, dihydrato, crystal and molecular structure of 148 
C.H4O. mctfoTartario acid, tetrathallium salt, 1380. 

C4He08 Vinyl acetate, vapour, polymerisation of, 1201, 1211. 

C^fieOs a-Methoxy aery lie acid, 1033. 

/9-Methoxyacrylic acid, 1032. 

C4H8N2 3-Amino-n-propyl cyanide, and its hydrochloride, 1370. 

C4H10N8 A^iV^'-Dimethylacetamidine, salts, 385. 

C4HiaN8 Tetramethylenediamine, bistoluene-p-sulphonate, 503. 

4 m 

C4H303N Oxazole-4>carboxylio acid, 102. 

C4H6ON 2-Methylqxazole, and its picrate, 101. 

04H«08N'2 2-Nitropropyl cyanides, 1601. 

C4H6O4TI4 Tetrathallium ervthritol, 1381. 

C4H4N3S3 2 -Amino-4-mercaptomethylthiazole, 324. 

6-Amino-2-mercapto-4-methylthiazole, hydrochloride, 1607. 

C4H703N 2-Nitrobut-2-ene, 1477. 

C4HgCli^a 2:2'-I)ichlorodiethyl sulphide, thermal decomposition of, 318. 

CgHfiOaN 2-Acetoxyethylamine, and its hydrochloride, 530. 

C4H9O3N Methyl 2-nitropropyl ethers, 1476. 

Nitro-/eri. -butyl alcohol, 1518. 

CgH^OgN 2 -Nitro-3-methoxy-w-propyl alcohol, 1476. 

C4H10ON8 /3-Aminoisobutyramide, picrate, 1502. 

C4H10OS3 Methyl 2;3-dimercaptopropyl ether, 594. 

C4HioOaNa 2-Nitro-3-aminobutane, hydrochloride, 1488. 

1 -Nitro-2-amino-2-methylpropane, hydrochloride, 1488. 

C4H11ON Butoxyamine, hydrobromide, 968. 

Methyl-2-methoxyethylamine, and its picrolonate, 313. 

C4H11NS2 2:2'-Dimercaptodiethylamine, and its hydrochloride, 322. 

CgHjiCHSi Diethylchlorosilane, 1593. 

C4001i4Si2 Bispentachloroethyltetrachlorodisiloxano, 1692. 

4 IV 

C4HeClS2A8 2-(2-Chlorovinyl)- 1 :3-dithia-2-arsacydopcntane, 595. 

G4H7O3NS 2-Nitroethyl thiolacetate, 1480. 

C4H7O4NS Carboxymethyl 2-nitroethyl sulphide, 1480. 

C4H7O4NS Carboxymethyl 2-nitroethyl sulphonc, 1480. 

C4H8O2NCI 3-Chloropropyl carbamate, 179. 

C4Hg04N3S T)i-( 2-nitroethyl) sulphide, 1480. 

C4 HsO«N 2S Di-(2-nitroethyl) sulphonc, 1480. 

C4H90SaAs 2-Methyl-4-hydroxymethyl-l :3-dithia-2-arsacyciopentnnc, 595. 

C4H9O8KS Carboxymethyl 2-aminoethyl sulphide, 1480. 

Methyl 2-nitropropyl sulphide, 1479. 

Nitro-ier^.-butylthiol, 1480. 

C4H9O4NS Methyl 2-nitropropyl sulphone, 1479. 

C4H90,NS 2-]Nitrobutane-3-8ulphonic acid, salts, 1484. 

l-Nitro-2-methylpropane-2-sulphonio acid, sodium salt, 1483. 

C4H10OKCI Formimidowopropyl ethyl hydrochloride, 101. 

C4HioO(n4Sia Diethyltetrachlorodisiloxano, 1591. 

C4H10O2NCI 2-Chloroethyl V-dimethylcarbamate, 179. 

C4H11O3NS 2-Aminobutane-3-sulphonic acid, 1484. 

1- Amino-2-mothylpropane-2-8ulphonic acid, 1484. 

Cg Group. 

C8H40a But-l-en-3-yne-l-carboxylic acid, and its i8-benzyl*.9othiiiroiiium salt, 1589. 

Furfuraldehyde, hydrogenation of, 1068. 

CfiHeNa 2-Ammopyridine, tolueno-p-sulphonate, 387. 
iV^-Aminopyridine, salts, 66. 

C»H7N3 3-Amino-6-methylpyridazine, and its salts, 243. 

C5H10O4 3-Deoxy-Z-xylose, 972. 

C^xoNa Amino-ter<.-butyl cyanide, and its salts, 1502. 

2- Amino-l-methyl-w-propyl cyanide, hydrochloride, 1502. 

C4H11N Piperidine, benzenesulphonate, 385. 

C3Hi4Na l:3-Diamino-2:2-dimethylpropane, 1502. 

5 m 

C9H4O4N4 5-Nitro80-4:6-dihydroxy-2-itfonitro8omethyli3yrimidine, and its sodium salt, 947. 
CfiHaN^a 4:6-Dichloro-5-methylpyrimidine, 50. 

CeHsOll 3-Hydroxypyridine, methiodide, 188. , . 

CsHtONs 6:6-(4:6-Triazolo)-4-hydroxy.2.methylpyrimidine, and its sodium hydrogen salt, 947. 
CfiHgOaN 2-Methyloxazole-4-carboxylic acid, 101. 

CsHaNaCl 3-Chloro-6-methylpyridazine, and its salts, 242. 

CcHsNsda 2:6-Dichloro-4-guanidinopyrimidine, 733. 

CcH«OKfa 6-Methyl- 3-pyridazone, and its salts, 241, 242. 





Formula Index. 


OAOaNa 4:6-I>ihydroxy-6-methylpyrimidine, 49, 

CAN 3 CI 4-Chloro-2-amino-5>methylpyrimidine, 45. 

4*Cliloro-6>ammo-5-methylpyrimidine, 50. 

CsH 70 aK 2-Nitro-3-methylbuta-l:3-diene, 1474. 

3'NitTopenta- 1 :3-diene, 1473. 

C^H^OaKs 2-Methylamino-4:6-dihydroxypyrimidine, 732. 

4>Methylamino-2:6-dihydroxypyrimidine» 732. 

CAOaN. 4-Guanidino-2:6-dihydroxypyTimidine, 733. 

C«H 704 Ma 1 -Nitro-5:5'-dimethylhydantoin, 334. 

CaHaOaNa Nitro>t£rt.-bi 2 tyl cyanide, 1502. 

2-Nitro-l -methyl- »-propyl cyanide, 1502. 

C3aOa^ 5-Amino-4:6-<hliydroxy-2-aminomethylpyrimidine, and its hydrochloride, 947. 
CsHaOaC^ 4-Chloro butyl chloroformate, 178. 

CftHaOaS /3-Acetylthiopropaldehyde, 1610. 

C«HgNaS 4-Methyl-2-aminoinethylthiazole, 1373. 

CgHgNaSa 5:5-l>imethyl-2:4-dithiohydantoin, 683. 

CANgSa 2-Ammo-4-thiazolylmethyltaothiourea, and its dihydrochlorido, 324. 

2:2'-T)iamino-4:4'-tfpirothiazoline, and its salts, 325. 

CgHgOgH l-MethoxycycZopropane-l-carboxy amide, 1034. 

Cgl^OaN 2-Nitro-l-hydroxy-3-methylbut-3-ene, 1474. 

CsHgHaS 4-lmino-5:«5-dimethyl-2-thiohydantoin, 685. 

CsHgClSa 2-Methyl-4-chlorom6thyl-l:3-dithiolan, 594. 

C«HxoONa l:3-Dimethyliminazolid-2-one, 315. 

C 5 H 10 O& 2-Methyl-4-hydroxymethyl-l:3-dithiolan, 594. 

CgHioOgN l:3-Dmitro-2:2-dimethylpropane, 1518. 

C 5 HioN 2 j 3 a-Amino-y-methylthio-n-butyronitrilo, oxalate, 1611. 

CgHioNgS 4-Hydrazino-5:6-dimothyl-2-thiohydantoin, 686 . 

CsHjiOaN 2-Nitropentane, 1499. 

Nitroneopentane, 1498. 

Methyl nitro-fcrf.-butyl ether, 1476. 

2- Nitro-3-mothoxybutane, 1476. 

1- and 3-Nitro-2-methylbutan-2-ol8, 1519. 

Propyl 2-nitroothyl ethers, 1476. 

-Nitro-2'-methoxydiethyl ether, 1476. 

C JBliiOeN 2 -Nitro-2-methoxymethylpropane-l:3-diol, 1477. 

CsHiiNCla Methyldi-(2-chloroethyl)amine, and its salts, 516. 

CgHiaONa /9-Amino-aa-dimothylpropionamide, and its salts, 1502. 

/3-Amino-a-mothylbutyramide, picrolonate, 1502. 

5«5*«9i ,Na 2-Nitro-2-hydroxymethylbutyIamine, and its hydrochloride, 928. 

CgHtsON 2 -Amino-3-methoxy butane, and its platinichloride, 1477. 

3- Amino-2-methylbutan-2-ol, 1519. 

£:thyl-2-methoxycthylamine, and its picrolonate, 313. 

2- isoPropoxyethylamine, and its picrolonate, 313. 

CiH|.aOaN Methyldi-(2-hydroxyethyl)amine, ami its di-p-nitrobonzoate, 516. 

Methyl-2-(2-hydroxyethoxy)ethylamine, and its salts, 532. 

C^iaOsN 2-Amino-2-methoxymothylpropane-l:3-diol, picrolonate, 1477. 

CsHigOaP Diethyl methylphosphonate, 1466. 

CgHisNCl, ^-Chloroethyli^jopropylamine hydrochloride, 59. 

Dimethyl-) 8 -chloropropylamino hydrochloride, 59. 

CcHiaNSs Methyl-2:2'-dimercaptodiethylamine, and its salts, 321. 

Dimethyl- 2 -methylthioethyl 8 ulphonium iodide, 770. 

CAoOKg 5- Amino-2 -methylpyrroline A^-oxide, 1511. 

C*H**0*K3 4 -Amino-iV'-/3-diethylaminoethylphenol A-mothyliirethano, salts, 190. 

5 IV 


OgHgNaClBr 4-Chloro-5-bromo-2-amino-6-mothylpyrimidine, 46. 

CAOaClS a-Ohloro-jS-(acotylthio)proi>ionic acid, 1033. 

C 6 H 70 sBrS a-Bromo-/ 8 -(acetylthio)propionic acid, 1033. 

CAONBr a-Bromo-^j 8 -dimethylacrylamide, 1033. 

CfiHgOtNCl Morpholine- A'-car boxy chloride, 313. 

CgHgClSaAs 2-(2-Chlorovinyl)- 1 :3-dithia-2-arsacyc2ohexane, 595. 

4-Mothyl-2-<2-chlorovinyl)- 1 :3-dithia-2-arsaGyclopentano, 595. 

CsHioOsNd 4-Chlorobutyl carbamate, 179. 

CsHiiObNS Methyl 2-nitro-l -methylpropyl sulphide, 1479. 

2-Koto-4;4-dimethyl-2:3:5:6-tetrahydro-l:3:4-oxadiazinium chloride, 181. 
CgHiaONd Methyl- 2 -chloroethyl- 2 -hydroxyethylamine, and its salts, 519. 

OsHisOaNaCl 2-Dimethylaminoethanol hydrochloride urethane, 181. 


5 V 

CgHgOClSaAs 6-Hydroxy-2-(2-chlorovinyl)-l:3-dithia-2-ar8ajcycZohexan©, 596. 

4-Hydroxym©thyl-2-(2-chlorovinyl)-l;3-ditbia-2-ar8acycZopentane, 595. 
CgHiaOsNClS Methyl 2-dimethylaminoethane8ulphonate hydrochloride, 181. 


Oroup. 

CgHg Benzene, reaction of, with methyl ether, 928. 

6 n 

CgHgOg Diaoetylenedicarboxylic acid, dihydrate, crystal structure of, 1145. 
CgHgOa Methylbut-l-en-3-yne-l-carboxylate, 1589. 
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CeHeOs Pent-3-en-l-yn-5-oM -carboxylic acid, and its iSf-beuzyliaothiuronium salt, 1688. 
CeHgOa H©x-2-en-4-yne-l:6-diol, 1689. 

CgHio04 2:3-Anhydro-a-methyl-Z-ribopyrano8ide, 972. 
2;3-Anl^dro-)3-methyl-/-ribopyrano8ide, 971. 
l:4:3:6-Dianhydro-i-iditol, hemihydrate, 1404. 

CeHioO* 3 -Methyl 1 -arabofuranolactone, 1063. 

CgHioOg Mucic acid, thallous salt, 1381. 

Saccharic acid, thallium hydrogen salt, 1381. 

CgHioNg 2;6-Diamino-4:6-dimethylpyrimidme, 51. 

CgHioS cyc/oHexone thioepoxide, 1630. 

CgHisOg 3-Deoxy-j3-mothyl-l-xylopyranoside, 971. 

CgHiaOg 2-Methyl n-arabinose, 1343. 

3 -Methyl arabinose, 1063. 

CgHiaNg 5-Aminoamyl cyanide, 1370. 

6-Imino-2:2-dimethylpyrrolidine, and its picrate, 1610. 

CgHijiS Propyl allyl sulphide, 1529. 

CgHisK 2:2-Bimethylpyrrolidine, and its picrate, 1510. 

2- Amino-3- methylpentano, 1497. 

CeHjgNg 2:4-Diamino-2-methylpentane, 1398. 

Hexamethylenediamine, bistoluene-jp-sulphonatc, 503. 

6 m 

• C6H4ON2 2-Hydroxy-5-cyanopyridino, 88. 

CAOgNa p-Dinitrobenzene, crystal structure of, 884. 

CAOaN isoNiootinic acid, picrate, 1630. 

CeHsOaBr 2-Bromoacetylfuran, 1658. 

CgHeOeTle Hexathallium inositol, 1382. 

CgHeNgClg 2:6-Dichloro-3:6-dimethylpyrazinc, 1182. 

CeHeClgSi Phenyldichlorosilane, 1593. 

C6H7ON 3-Hydroxy-2-methylpyridine, and its picrate, 133. 

C«H703N Ethyl oxazolo-4- car boxy late, 102. 

CeH7N2Cl 2-Chloro-3:6-dimethylpyrazine, 1182. 

CeH7N3Cla 2:6-I)ichloro-4-dimothylaminopyrimidine, 732. 

4:6-I)ichloro-2-dimethylaminopyrimidinc, 732. 

CeHgONs 2:6-Dimothylpyrazino iV-oxidc, 1184. 

2- Hydroxy-3:6-dimothylpyrazine, and its picrate, 372. 

3- M©thoxy-6-m©thylpyridazinc, and its hydrochloride, 243. 

C6H90aN2 6-Amidinofurfuryl alcohol hydrochloride, and its salts, 398. 

2:5-I)imothylpyrazine di-A-oxido, 1184. 

CgHoOgNa 2-I)imothylamino-4:6-dihydroxypyriTnidine, 733. 

4- Dimethylamino-2:6-dihydroxypyrimidine, 732. 

CgHoOgBr Methyl a-bromo-j3j3-dimethylacrylato, 1033. 

CeHgNaS 4-Amino-2-methylthio-6-methylpyrimidine, 49. 

CgHioOgClg 6-Chloropentyl chloroformate, 178. 

CeHjoOgS p -Acetylthio-«-butaldehyde, 1610. 

CeHjioNgS 4-Methyl-2-(l'-aminoethyl)thiazolc, 1375. 

4-Methyl-2-(2'-ammoethyl)thiazole, 1 376, 

CgHjoNgSa 6-Methyl-6-ethyl-2:4-dithiohydantoin, 683. 

CeHioNgSg 6-j3-Methylthioethyldithiohydantoin, 1612. 

C«HxiON 2:2-Dimethyl-5-pyrrolidone, and its hydrochloride, 1611. 

C,H„OCI 1 -Chloro-3-methylpentan-2-one, 375. 

2-Nitro-4-methylpent-2-ene, J 484. 

CgHiiOaN a-Ethoxyethylideneaminoacetic acid, potassium salt, 100. 

C.H„0 4N Nitro-tcrl!.-butyl acetate, 1618. 

2-Nitro-l-hydroxy-3-methyl-2-hydroxymethylbut-3-cne, 1473. 

CeHixO^Br 3-Bromoglucose, 17. 

C«HxiC 1S2 2:2-I)imethyl-4-chloromothyl- 1 :3-dithiolan, 595. 

CeH^sON, 6-Amino-2:2-dimethylpyrroline, jV-oxide, and its salts, 1510. 

1 :3-Dimethylhexahydropyrimid-2-one, 316. 

2:2-Dimethyl-4-hydroxymethyl-l;3-dithiolan, 595. 

CeHi202S Butyl vinyl sulphones, 1515. 

C.H,203N2 6 -Nitro-6-othyltetrahydro-l:3-oxa,zine, and ita salta, 927. 

1 :3-Dinitro-2:2-dimethylbutane, 1519. 

Dinitromet hylijentanes, 1491. 

C6B[iiN 2S o-Amino-y-ethylthio-n-hutyronitrilo, oxalate, 1612. 

OAaON 1 -Amino-3-methylpentan-2-one, hydrochloride, 375. 

0eHi2O2N Methyl ^-amino-aa-dimethylpropionate, and its hydrochloritle, 1503. 

1- Nitro-2:2-dimethylbutane, 1497. 

2- Nitro-3-methylpentane, 1497. 

CcHisOaN »-Butyl 2-nitroethyl ether, 1476. 

Ethyl nitro-ter^.-butyl ether, 1476. i roi 

CgHiaOsCl Methyl-2-hydroxyethyl-2-[2.(2-hydroxyethoxy)ethoxy]etl»ylamine, and its salts, o31. 

CeHisOaP Diethyl vinylphosphonate, 1467. 

C^iaOgN 2-Nitro-3-methoxy-2-methyl-n- butyl alcohol, 1477. 

CeHi204Ng Bi-(2-nitrowopropyl)amine, 1488. 

C2Hi20bH 2-Methyl 1-arabonamide, 1225. 

3- Methyl 1-arabonamide, 1064. 

CeHigHdg Ethyldi-(2-chloroethyl)amine, and its salts, 516. 

CgHiadS 2-Chloroethyl «>obutyl sulphide, 1515. 
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C«Hi 40 slf« l>iethyl>2'nitro6thjlaxiiine, salts, 1488. 

C 6 Hx«OsN 4 l>iglycylethylejiediamiRe, 129. 

C 6 HX 4 H 2 CI X>im^hylethyl-/3-chloroethyiammonium hydroxide, piorate, 69. 

CAsON 2-n-Biitoxyethylainine, and its picrolonate, 313. 

Dimethylethyl-^-hydroxyethylammonium hydroxide, piorate, 69, 
£:thyl>2>ethoxyethylaixiinG, and its picrolonate, 313. 

Hexoxyaraine, and its salts, 966. 

C 4 H 16 ON 5 Butoxydiguanide, nitrates, 966. 

CeHisNCla I)imethylethyl-^-chloro©thylammoniiim chloride, 69. 

C 4 !Hi 5 NSa 2 : 2 '-Dixn©rcaptotriethylamm©, and its salts, 322. 

C«Hx«NS 3 2:2':2"-Trimercaptotricthylamine, and its salts, 322. 

CeHieOaKa 1 : 6 -Hexamethyiencdioxyamine, salts, 967. 

CaHxeOaSi Biethyldimethoxy silane, 1594. 

6 IV 

C 4 H 402 NsCla 2:6-I>ichloro-4-nitroaniline, deamination of, 734. 

C 4 H 0 ON 4 S 6-Hydroxy-8-m©rcapto-2-methylpnrin©, 946. 

CeHrONaCl 2 -Chloro-6-hydroxy-3:6-dimethylpyrazin©, 1182. 

4-Chloro-G-hydroxy-2:6-dimethylpyrimidin©, 1358. 

CeHfOeNS 1 -Nitro-2-(2-furyl)othanesulphonic acid, sodium salt, 1484. 

CeHgOaNaS 6 - Amino-4-carbethoxythiazoi©, 1598. 

2-Amiiio-4-methylthiazole-5-ac©tio acid, and its hydrochloride, 691. 

4- Methyl-2-aminomothylthiazole-6-carboxylic acid, 1374. 

CeHeOxNxSx 6-Amino-2-mercai)to-4-carb©thoxythiazole, 1607. 

C 4 H 4 O 4 NS 1 -Amino-2-(2-furyl)^ethan©sulphonic acid, 1484. 

C«lElio 04 N 2 Br 2 2:4-l>ibromonitro-3>methylpentane, 1491. 

CsHijOgNsBr 2-Bromonitro-4-nitro-2-methylpentan©, 1491. 

CaHiiOaNS Car bet boxy methyl 2 -nitroethyl sulphone, 1480. 

CfiHiaO^Cil 2-Chloroethyl iV-propylcarbamate, 179. 

5- Chloropentyl carbamate,. 179. 

CgHiaOgKS iS-n-Profiylcysteine, 428. 

CofiigOxNCl 2-Chloroothyl JV-diethylcarbamate, 179. 

2-Chlorootbyldi-( 2 -hydroxy ©thy l)amine, salts, 629. 

C 4 HX 4 O 3 BTP Diethyl bromoethylphosphonate, 1467. 

C 4 Hx 50 ClaSia Tricthyltrichlorodisiloxane, 1591. 

CgHjoOaNS 2-Amino-4-mothylpontan©-3-sulphonic acid, 1484. 

6 V 

C 4 H 40 aNClsAs jp-Nitrophcnyldichloroarsine, 667. 

CeHxoCSClSxAs 4-Methoxymethyl-2-(2-chlorovirjyl)-l :3-dithia-2-arsacycZopentane, 595. 
C,Hx 402NC1S a-Amino-y-mercapto-y-methyl-»-valeric acid, 1612. 

CeHxbONaClS 2-Dimothylaminoethanol hydrochloride A’'-m©thylthiourethane, 181. 

Cy Grroup. 

C 7 H 8 Toluene, nitration of, 921. 

CvHxo 2:5-Dihydrotoluene, 1647. 

7 n 

C 7 H 8 O 3 3-Hydroxy-4-methylpent-4-en-l-yne-l -carboxylic acid, 806. 

CvHgN^ Benzamidino, piorate, 392. 

C 7 EI 9 N 2:3-Dimethylpyridino, methiodide, 1698, 

C 7 HX 0 O 2:3 -Dihydroanisole, 1 646. 

C 7 HXXN 3 4:6-Dimethyl-2-aminom©thylpyrimidine, and its hydrochloride, 1374. 
0,H„0 A*-cyc/oHoxeno methyl ether, 105. 

C 7 Hx 80 a 2:3-Dihydroxy-[2:2:116icvr^oheptane, 819. 

C,H„0, ^ -icr/. -Butoxyacrylic acid, 1033. 

C 7 HX 3 N cyc/oHexylinothyleneimine, 1116. 

C 7 HXAO 5 2-Methyl yS-methyl-n-arabopyranoside, 1343. 

2 -Methyl ^-methyl-i^-arabopyranoside, 1343. 

C 7 HX 4 N 4 2-n-Butvldihydroglyoxaline, and its salts, 600. 

C 7 HX 4 S 1 -Mcthyloyclohexane- 2 -thiol, 1637. 

2 -Methylc 7 /c/ohexanethiol, 1 38. 

C 7 HxaN 3 a-Ethyl-a-isopropylacetamidine, and its hydrochloride, 741. 

4:4:6-Trimethylhexahydropyrimidine, 1398. 

C 7 HX 3 N 3 2-Amino-l-diethylaminopropane, 1513. 

2:4-l>iamino-2:3-dimethylpentane, picrate, 1491. 
y-Diethylaminopropylamine, salts, 947. 

C 7 H 30 N 4 jS'Diethylaminoethylguanidine, dihydriodide, 52. 

7 m 

C 7 H 5 NaCSl p-ChJorophenylcyanamide, 947. 

C 7 iH« 04 Ns 2:4-Dimtrotolueno, kinetics of nitration of, 474. 

C 7 H 7 OSN 3-Hydroxy-6-methylpicolinic acid, 133. 

C 7 H 7 N 3 Br p-Bromobenzamidine, salts, 392, 393 . 

C 7 H 7 N 3 S 2-Amino-4-(2'-pyiTyl)thiazole, 1659. 

C 7 H 8 ON 8 A'-Acetamidopyridine, hydrochloride, 66 , 

Benzamidoxime, hydrobromide, 969. 
p- Hydroxy benzamidine, and its salts, 392, 393. 

CTHisNsClt 4 : 6 -Dichloro- 2 -methvl- 6 -eth 3 dpyrimidine, 1360. 
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CrHgNaS 2:4-I)imethyl-6-oyanomethylthiazole, and its picrate, 1402. 

CtHsOHs 3-Acetamide-6-methylpyridazme, and its salts, 243. 

OAOaN 6-Hydroxy-2-methyl-6-hydroxym©thylpyridinc>, and its salts, 133. 

3-Hydroxy -4-methylpent-4-en-l-yn©-l-carboxyamid©, 807. 

6-Formamido-4-hydroxy-2:6-dimethylpyrimidine, 60. 

3-Nitro-l:6-dicyanopentane, 1507. 

CfHgOsN Ethyl 2-methyloxazole-4-oarboxylate, 101. 

C^HfOsNa P~ Nitro-o-methoxyphenylhydrazine, 465. 

C7HgNaC3 4-Cliloro-m-tolylhy^azine, 1659. 

C7HioONa 2-Hydroxy-3:5:6-trimethylpyrazine, 376. 

CTHioNa^ 6:5-cycZoTetramethylene-2:4-dithiohydantoin, 683. 

C7HX1O4N 2 -Nitro-l-aoetoxy-3-methylbut-3-ene, 1474. 

C7H11NSS 4-Amino-2-methylthio-6:6-dimothylpyrimidino, 48. 

C7HiiN8Sa Methyl-2 :2'-dithiocyanodiethylamine, hydrochloride, 322. 

C7Hx,0,N. 3 -Nitro-l:2-diniethyl-n-butyl cyanide, 1.607. 

C7Hi20aCl9 6-Chlorohexyl chloroformate, 178. 

C7HiaN2S 4-Methyl-2-(3'-aminopropyl)thiazole, 1377. 

C7HiaN8Sa 5:6-I)iethyl-2:4-dithiohydantoin, 683. 

6-Methyl-6-n-propyl-2:4-dithiohydantoin, 683. 

5-Methyl-6-»5opropyl-2;4-dithiohydantoin, 683. 

C7HiaN2S3 5-/3-Ethylthioethyldithiohydantoin, 1612. 

C 7 Hi 30 N 1 :2;2-Trimethyl-6-pyiTo]idone, 1511. 

C7H18O2N l-Nitro-2;2-dimethylpent-4-ene, 1498. 

C7H13O6CI 2-Chloro a-methylaltroside, 14. 

3-Chloro a- methylglu coside, 14. 

C7Hi305Br 2-Bromo a-mothylaltroside, 16. 

3- Bromo a-methylglu coside, 16. 

C7H,40N2 .^-Acetamidopiperidine, hydrochloride, 66. 
l:3-I)iethyliminazolid-2-one, 316. 

2-Keto-4:4:6-trimethylhexahydropyrimidine, 1398. 

C7Hi403Na Methyl 2-nitro-l:2-dimethylpropyl ketoxime, 1401. 

C7H14O4N2 2;4-Dinitro-2:3-dimethylpentano, 1490. 

C7H14O4S 3-Methylthio /3-methyl4-xylopyranoside, 971. 

C7HX4O6N2 Methyl 2:4-diiiitro-2-methylaniyl other, 1491. 

C7H1SO2N Ethyl jS-amino-ao-dimethylpropionate, hydrochloride, 1503. 

C7H1SO3N w-Amyl 2-nitroethyl ether, 1476. 

Methyl-2-hydroxyethyl-2-acetoxyethylaniine, 517. 

2-Nitroi\sopropyl n-butyl ether, 1476. 

C7HX5O3P Biethyl propenylphosphonate, 1467. 

C7HX4O5N Substance, and its hydrochloride, from hydrolysis of 3-amino 4:6-benzvlideno a-mothylaltroside, 

21 . 

C7Hx4fCl2 Bi-(2-chloroothyl)-n- and -I'^o-propylamines, and their salts, 510. 

Mothyldi-(2-hydroxy-w-propyl)amine, and its picrate, 517. 

C7HxeON2 3-Ureidohexane, 1496. 

C7HxeOaN2 2-Nitro-l-diethylaminopropane, 1513. 

C7HX7ON O-Heptoxyamine, and its hydrobromide, 966. 

C7HX7ON3 Hexoxyguanidine, nitrate, 966. 

C7HX7O2N Di-(2-hydroxyethyl)i«opropylamine, and its salts, 510. 

Methyldi-(2-hydroxy-?i-propyl)amine, and its picrate, 517. 

C7HX7O3N Methyl-2-hydroxyethyl-2-(2-hydroxyethoxy)eth>'lanune, and its salts, 517, 531. 

C7H]703P Biwopropyl mcthylphosj)honate, 1466. 

C7HX7NS2 2-Aminopropaldehyd© diethylmercaptal, and its picrat(‘, 372. 

C7HX7N5S2 Methylcli-(2-isothioureido-/S-ethyl)amiuc, trihydi »chloride, 321. 

C7HX8ON2 Methyl 2:4-diamino-2-methylamyl other, 1492. 

7 IV 

C7H4NCl2Sb p-(^^yanophenylstibinous chloride, 7. 

C7H4Nl2Sb p-Cyanophenylstibinous iodide, 8. 

C7H4ON2S 2-Amino-4-(2'-furyl)thiazole, 1658. 

C7H7ONS 4-Nitro8othioani8ole, 852. 

C7H7N4CIS 6-Chloro-8-methylthio-2-methyIpurine, 947. 

C7H30iiBr 5-Hydroxy-2-methyl-6-broraomethylpyridine, hydrobromide, 133. 

C7H8ON3CI 4-Chloro-5-formamido-2;6-dimethylpyrimidinc, 50. 

C7H8ON4S 6-Hydroxy-8-methylthio-2-methylpurine, 946. 

C7H0ONS 4-HydroxyaminothioanisoIo, 851. 

C7H3ON2OI 4-Chloro-6-hydroxy-2-methyl-6-ethylpyrimidiiie, 1300. 

C7H9O2NS 2:4-Bimethylthiazole-5-acetic acid, and its hydrobromide, 1402. 

4- Ethyl8ulphonylpyridine, 53. 

C7H9N2Cte 4-Cbloro-2-methylthio-5:6-dimcthylpyrimidinc, 47. 

C7HX0OH2S 2:4-Bimethylthiazole-5-aoetamide, and its lucrate, 1402. 

C7H10O2N2S2 6-Amino-2-methylthio-4-carbethoxythiazole, and its hydriodide, 1608. 

C7HX0O2N4S wi-Aminobonzonesulphonamidoguanidine, 822. 

C7HxoN(nS l-Chloro-2-thiooyanocyc^ohexane, 1 529. 

C7H|oira 4-Ethylthiopyridine hydriodide, 53. 

C7Hx202llBr 2-(2-Bromopropionamido)butan-3-ono, 376. 

C7HX3ON3S 4-2'-Hydroxyethylimino-5:6-dimethyl-2-thiohydantoin, 686. 

A'-Thiocarbethoxy morpholine, 1 598. 

Cl7Hx304ll2Br 2-Bromonitro-4-nitro-2:3-dimethylpentane, 1490. 

C7H]30cN2Br Methyl 2-nitro-4-bromonitro-2-methylamyl ether, 1491. 
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C,Hi«OK<n JV-liletliyl-jV-2-ohloroethylmoroholine, salts, 632. 

6-Clilorohexyl carbamate, 179. 

£tlm-2<etboxyethylcarbamyl chloride, 313. 

0 yH], 40 JU Methyl 2:4*dinitro-2-methylamyl sulphide, 1492. 

CAsONlSU l>i-(2-Ghloroethy])*2-methoxyetnylamine, and its salts, 529. 

Meth^*2-ohloroethyl-2*(2-chloroethoxy) ethylamine, and its salts, 517, 632. 

CyHisOsNS 2'Nitropropyl butyl sulphide, 1479. 

07 HiaO 4 |i 8 2-Nitropropyl butyl sulphone, 1479. 

0yHi» 0«HS l-Ammo-l-oarbetUoxy-S-methylpropanesulphomo acid, and ita sodinm salt, 1484. 

4J NChloroethylthiomorpholine methochloride, 60. 

CyHitOJlttCl X^metbyl-3-hydroxypropylammoniuni chloride urethane, 180. 

CyHisOKCA l>imethyl-/3-hydroxyethyh«opropylammonium chloride, 69. 

OTHisOHBr 3-Dimethylamino-2:2-dimethylpropanol hydrobromide, 59. 

7 V 

CrHuONClS .AT-ZJ-Hydroxyethylthiomorpholine methochloride, 60. 

CyHiyONiIS Trimethyl*2>hydroxyethylammonium iodide iV^-methylthiourethane, 181. 

Cg Grroup. 

CaHsNs 3:5<Dioyanoaniline, 83. 

CgH.O» Anl^drotetronio acid, structure of, 1365. 

CsHsO^ /3-2>Furoylpropionic acid, 1194. 

CbHyN, 2-a>Pyridyldihydroglyoxaline, and its salts, 600. 

2- /3-FyTidylcUhydroglyoxaline, and its salts, 600. 

CgHioOa Octa>3:5-diyne-l:8>diol, 1682. 

3-Hydroxy-2-methoxy-4-methylpenta-l:3-dione-l -carboxylic lactone, 807. 

3- Hydroxy-2-methoxy-4-methylpenta-l:4-diene-l -carboxylic lactone, 807. 

Metnyl 3-hydroxy-4-motbylpent-4-en-l-yne-l-carboxylate, 807. 

CsHio 04 n- and tso-Propyl aconates, 1178. 

CsH.oMg JY-Methylbenzamidine, benzenesulphonate, 385. 

Phenylacetamicline, picrate, 392. 

CeHifiO 6:6-I>ihydro-m- and -p-tolyl methyl ethers, 1 646. 

CaHiaOs 2:5-DihydToquinol dimethyl ether, 105. 

2:6-Dihydroresoroinol dimethyl ether, 106. 

3;6-Dihydroveratrole, 106. 

CaHis 04 Dihydropenioillic acid, 807. 

C8Hi« 0 1 -Methoxy •4-methylcyc2ohexene, 1647. 

0aHi4Oa Methyl 2-methylcyciopentan-l-ol-l-carboxylate, 1667. 

CA.N. l:2-Bi8-(2'-dihydroglyoxalinyl)ethane, and its toluene -p-sulphonate, 600. 

CsHicO l-Butoxy-2-methylpropene, 1647. 

OaHieOt 2:3*X>imethyl galactonic acid, 1626. 

CaH„N, 6-MethyUmino-l:2:2-trimethylpyrrolidine, and its picrate, 1511. 

C.HxaN« a-Amidinoheptane, picrate, 392. 

1 ;1 -I)i(aminomethyl)cyclohexane, 1519. 
a-£)thy]-a-n-butylacetamidine, and its picrate, 741. 

CAJI ' 4- Amino-3 :3-dimethylhexane, 1497. 


8 m 

4;6:7-Trichlorocinnoline, 232. 
4:7:8-Trichlorocinnoline, 231. 

2:4:6-Trinitro-2':2';2'-trinitroethylbenzene, 1236. 
CsHtOCls 2:3:4-Trichloroacetophenone, 231. 

CaHsO,I» 3:4:6-Tri-iodophenylacetic acid, 203. 

CaHaO,Ns 6-Nitro-3-oyanobenzamide, 83. 

CftHsOtBr Bromoanhydrotetronic acid, 1368. 

CaHeOsIi 3:6-I>i-iodophenylacetic acid, 203. 

GaHeOaNs 3-Nitro-4-cyanoanisole, 440. 

CaHeOal. 3:5-I)i-iodo-2-hydroxyphonylacetic acid, 203. 
C^BiaOaNa 4-Nitro-2':2':2'-trinitroethyl benzene, 1236. 

5-Bromo-o-tolualdehyde, 692. 

CaHYOtN a-2-Puroylpr6pionitrile, 1194. 

CaHYOaM 2-Cyano-5-acetoxymethylfuran, 398. 

CAClBra 4-Chloro-o-xylyleno dibromide, 668. 

CaHsON, p-Methoxyphenylcyanamido, 916, 

CaHaOaNa 4-Cyano-tn-anisidine, 440. 

3-Koto-6-(2'-furyl)-2:3:4:5-tetrahydropyridazine, 1194. 
CagaOA 2-Nitro-4-formamidotoluene, 249. 

CaHaOJNr, 2-Nitro-4-methoxybenzamide, 894. 

OJEll^Ol j>-Chlorobenzylmethylenelmine, 1118. 

CaHa NtS 4-(2'-Pyrryl)-2-methylthiazole, 1659. 

CaHaClBr d(or 4)-Chloro-o-xylyl bromide, 668. 

CaHaClAs 2-Chloro»soar8indolme, 667. 

GaHJUlLS 2-lodoisoarsindoline, 667. 

CaHaONa ^-Oarbamidobenzamidine, salts, 392, 393. 

OaHaOBr o-Bromobonzyl methyl ether, 1639. 

CaHaOiN Anisamide, oxalate, 100. 

CaHaOaNa JV-Methyl-p-nitrobenzamidine, and its picrate, 1113. 
2-(2 -Nitrophenyl)dihydroglyoxaline, and its picrate, 600. 
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OsH»C>tAs o^Xylylenearsinio aoid» and its nitrate, 667. 

CAC^ 3-Methoxy-6-methylpicolinio acid, 133. 

2-Amino-4-formamidotolaene, 249. 

OaHipOA 4-M6thoxyanthranilamide, 894. 

2-Witroethylaniline, and its hydrochloride, 1488. 

CsHioOiNa Methyl 4-methylpyrazole-3:6-dioar boxy late, 1033. 

CAAS« Bis-(2-amino-4-thiazolylmethyl)di8ulphide, 324. 

CsHiiOaN l-(l-Nitrovinyl)cycZohexene, and its dimer, 1474. 

CAiOiNs 6-Acetamido-4-hydroxy-2:6-dimethylpyrimidine, 50. 

CAsOfc 2 -Ethoxy-3:6-dimethylpyrazme, and its picrate, 1182. 

CAASs 5:5-2'-Methylcyclotetramethylene-2;4-dithiohydantoin, 683. 

5:5-cyc!oPentamethylene>2:4-dithiohydantoin, 683. 

CsHitOiN l-Dimethylammo-4-acetoxyprop-2-yne, and its methiodido, 1579. 
cA. 04 r 1(1- Nitro-2-hydroxyethyl)cycZohexene, 1 474. 

CsHisOiN 6-Keto-2-ethoxy-3-aoetyl-2-methyltetrahydro-oxazole, 100. 

CAAS. 2:2-Dithiocyanotriethylamine, hydrochloride, 322. 

CgHi 40 S eydoHexyl thiolacetate, 138. 

CaH,AS cyc^oHexylthiogl LyooUio acid, 39. 

CgHigOA l:l-I>i(nitromethyl)cyciohexane, 1519. - 
CgHiAS cycZoHexylglycoUyl sulphone, 39. 

CgHigOA 2:5*Bismethanesulphonyl l:4-3:6-dianhydro-d-iditol, 1405. 

2:5-Bismethanesulphonyl l:4-3:6-dianhydro-?-iditol, 1404. 

CgHiaNgSg 5-Methyl-5-wobutyl-2:4-dithiohydantoin, 683. 

6-Methyl-64er<.-butyl-2:4-dithiohydantoiii, 683. 

CsHi.OaN Ethyl iaopropoxymethyleneaminoacetate, 101. 

OgHisOsCl 3-Chloro 4:6-benzylidene 2-methyl a-methylglucoside, 16. 

OgHisOgN 2-Methyl a-methyl-D-galacturonoside amide, 1340. 

CgHieOgS cycUoHexyl ethyl sulphone, 1660. 

CgHigOgS 3-Kotodibutyl sulphone, 1516. 

CgHieOgS O-Methyl /S-methylgalactoside sulphate, barium salt, 1678. 

CgHi^ON trans- 2 -I)imethylaminocycZohexanol, and its salts, 167. 
3:3-Dimethylhexan-4-one oxime, 1497. 

Methyl dimethylamino-<eri.- butyl ketone, picrate, 59. 

CgHi 704 N 2-Nitro-3-w-butoxy-n-butyl alcohol, 1477. 

CgHigNCl 3-Chloro-l-dimethylamino-2:2-dimethyl-«-butane, picrate, 59. 
CgHigdgSn Bi-n-butyldichlorotin, 1450. 

OgHxgONg Heptoxyguanidine, nitrate, 967. 

CgHigONs HexoxycSguanide, nitrate, 966. 

CA,0,N, 2-Amino-3-w-butoxy-n-butyl alcohol, 1477. 

Di-2-ethoxyethylamine, and its picrolonate, 313. 

CgHigOgP Diethyl n-butylphosphonate, 1466. 

CgHxgN gSg Ethyldi-(2-tsothioureido-48-ethyl)amiue, and its trihydrochloride, 322. 
CgHgoOgNg 1;6-Hexamothylenedioxydiguanidino, dinitrate, 967. 

8 IV 

CgHgONgCl, 6;7-Dichloro-4-hydroxycinnoline, 232. 

7;8-Dichloro-4-hy droxycinnoline, 231 . 

CAOgNCl 2-Chloro-6-cyanobenzoic acid, 640, 

CAOgNgd 7-Chloro-6- and -8-nitro-4-hydroxycinnolines. 236. 

CgHgOll^Cl 7-Chloro-4-hy droxycinnoline, 236. 

CgHsOgKClg 3:4-Dichloro-2-nitroacetophenone, 231. 

CgHgONSg 2-Methylthio-4-(2'-furyl)thiazole, and its hydrobromide, 1658. 
CgHgOClBr 5-Bromo-o-toluoyl chloride, 690. 

OgHgOgNCl 4-Chloro-2-nitroacetophenone, 236. 

CgH 70 NS 4-(2'-Furyl)-2-methylthiazole, and its hydrohroraide, 1658. 

/S-2 -Thienoylpropionitrile, 1 1 94. 

CgH 70 NgCl 6.Chloro-4-hydroxydihydroquinazoline, 895. 

CgH 70 d 8 Phenyl chlorothiolacetate, 659. 

C 8 H 702 NBrg oKtf'-Dibromo-S-nitro-m-xylene, 1236. 

CgH 70 ^^ 3:6-Di-iodo-4-aminophenylacetic acid, 203. 

to>ci>'-Di-iodo-6-nitro-w-xylene, 1236. 

CgH 70 gNgCl 4-Chloro-2-nitro-3-aminoacetophenone, 231 . 
4-Chloro-2-nitro-6-aminoacetophenone, 231 . 

4-Chloro-3- and -6-nitro-2-aminoacetophenones, 236. 

CgH 70 gNgS 2:4-Dinitrophenyl-2-nitroethyl sulphide, 1480. 

CAClXAs S.Chloro-2-iodoMoarsindoline, 668. 

CAONCl 4-Chloro-2-aminoacetophenone, 235. 

CgHgOJlBr <t>-Bromo-5-nitro-m-xylene, 1236. 

CgHgONgBr 6-Bromo-o-toluoylhydrazide, 691. 

CgHgOgNgCl 4-Chloro-3-nitrodimethylaniline, and its methiodido, 187. 

CgHgOsNS l-Nitro-2-phenylethane-2-8ulphonic acid, sodium salt, 1484. 
CgHxoONd 2-Chloro-5-dimethylaminophenol, 1 88. 

OgHxoOl^Cl 4-Chloro-6*acetamido-2;6-dimethyIpyrimidine, 50. 

CgHioOgEgS w-Amidinophenylmethyl sulphone, thiocyanate, 392. 

p-Amidinophenyl methyl sulphone, 394. 

CgHxoOgNgSg 2-Diacetamido-4-meroaptomethylthiazole, 324. 

OAoO^fS 6-Acetamido-4-carbethoxythiazole, 1598. 

CgHiiOOgS cyeloHexyl trichlorothiolacetate, 141. 

CAiOgNS l-Amino-2-phenylethane-2-suIphonic acid, 1484. 
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C^HitONi^ 5:5-e^6{oPeiiiftmethylene<2-tbiohydantoin» 686 . 

6:6-ctjdfoPeiitamethylene-4-tliiohydantoin, 686 . 

dichlorothiolaoetate, 140. 

0aH»O«llaS Ethyl 2-amino-4-methylthiazole-5-aoetate, 591. 

CsHiaO^A /l- 8 utohamlyUa-methyfgiianidine» 821. 

CA.Ol3r eycloHexyl cnlorothiolacetate, 139. 

CJSLyfiJSkfi l>i(nitro*ter<.>butyl) sulphide, 1480. 

Bi-^-nitro-l-methylpropyl) sulphide, 1481. 

CeH^^OeH^ I>i(nitro-<€r/. -butyl) sulphone, 1481. 

Di-(2-nitro-l-methylpropyl) sulphone, 1481. 

CA70aN8 n-Butyl nitro-ieri. -butyl sulphide, 1479. 

CeHi 7 OaHa 01 iSr* 2 -Hydroxyethylinorpholme methochloride urethane, 181. 

OsHitOsNS l-Nitro-2:4:4-trimethylpentane-2>sulphonio acid, sodium salt, 1485. 

CaHi 7 NClX )5-Chloroethylpi^ridine methiodide, 69. 

l:l-Dimethyl-3-chloromethylpiperidinium iodide, 69. 

CsHiaONBr Methyl dimethylamino-<er<. -butyl ketone hydrobromide, 59. 

CeHiaONS 3-Aminodibutyl sulphone, and its hydrochloride, 1516. 

CsHiaOaHad Trimethyl-4-hydroxybutylammonium chloride urethane, 180. 

CsHiaOsH,! Trimethyi-2-hydroxyethylammonium iodide ^-dimethylurethane, 180. 

CgHaoOClaSia Tetraethyldichlorodisiloxane, 1591. 

Cg Group. 

OJELb Indene, isolation of, from heavy naphtha, 369, 

9 n 

CaHgOs Anhydrotetronic acid methyl ether, 1368. 

CaHgNa 1 -Phenyliminazole, and its picrate, 102. 

C.HA a>a>'a»"-Tri-iodomesitylene, 1237. 

CgHioOa Homovanillm, 1692. 

CaHioOg n- and tso-Propyl coumalates, 1178. 

CgHioNa 2-Phenyldihydroglyoxaline, and its salts, 600, 604. 

CA.N, 2-a-Pyridyl-3;4:6:6-tetrahydropyrimidine and its picrate, 600. 

Catechol isopropyl ether, 104. 

2 -^etocycZohexyl- a-propionolactone, 1164. 

CA. 04 . n- and iso-Butyl aconates, 1178. 

Methyl penicillate, 807. 

CsHi^t iV'A''-Bimethylbenzamidine, sulphamate, 385, 504. 

A^.Ethylbenzamidine, salts, 385. 

CaHiaO Non-2-en-4-yn-l-ol, 1586. 

CaHiaOt 4-Methyl-3:6-dihydroveratrole, 105. 

CaHigP Triallylphosphine, 1448. 

CflHieO 2:2:3-Trimethylcyclohexanone, 1567. 

CAeO. 3:4- Acetone p-methyl-L-arabinoside, 1343. 

2- Methyl acetone i.-arabinoBe, 1344. 

3- Metlwl l:2-acetone l-arabinose, 1063. 

3:4-isoPropylidene ) 8 -methyl-Z-arabopyranoside, 971. 

C,H,.0, 2-Methyl a-methyl-D-galacturonoside methyl ester, 1340. 

CgHieNg l:3-Bia-(2'-dihydroglyoxalinyl)propane, and its toluene-jp-sulphonate, 600. 

CgHiflS Geraniolene sulphide, 1629. 

CflHieOs aa^jS-Tetramethylvaleric acid, 1498. 

CgHigOg Methyl a/3-diethoxypropionate, 1032. 

CA*N, 2:2:4 :4:6-Pentamethyl-2;3:4:6-tetrahydropyrimidine, and its hydrate, and its oxalate, 1397. 

Geraniolene disulphide, 1538. 

CgHaoNi JVA'-Biethyl-n-valeramidine, picrate, 395. 

2 : 2 :4:4 ; 6 - Pent amet hy Ihexahy dropy rimidine, 1398. 

CgHaoSn Triethylallyltin, 1460. 

CgHajNs s-Tetraethylguanidine, and its picrate, 396. 

CgHaaNt Aminoisopropylamino-2-methylpentane, and its dihydrochloride, 1398. 

9 m 

CgHgOCl o-Chlorophenyl ethynyl ketone, 1630. 

CgHsOgN 6-Nitro-3-methoxyphthalic anhydride, 354. 

CgHACl 2:4-I>ichloro-6-p-chloroanilino-l:3:6-triazine, 158. 

CAOgN, 5- and 7-Nitroquinolines, and their salts, 442. 

C^eOgKs Methyl 5-nitro-3-cyanobenzoate, 83. 

OgHeNCl 4-Ohloroquinoline, and its salts, 440. 

7-Chloroquinoline, and its salts, 441, 443. 

OgHeNBr 5-Bromoquinoline, and its salts, 440. 

7-Bromo<^inoline, and its salts, 441. 

CtHtON 6 -Mydroxyqninoline, and its salts, 440. 

7-Hydroxyquinoiine, and its salts, 441. 

C 9 H 7 OCI o-Chlorophenylethynylcarbinol, 1630. 

CAO«N 5-Nitroindene, and its polymer, 95. 

Pyrrocoline-2-carboxylic acid, 674. 

CAO 7 N 6-Nitro-3-methoxyphthalio acid, 356. 

OANad 8 -Chloro- 6 -aminoquinoUne, 679. 

6- Chloro-4-methylcinnoline, and its picrate, 811. 

7 - Chloro-4-methyloinnoline, 81 1 . 
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C«HgO][^ Benzamidomethyl cyanide, 1371. 

OgHgOgNt 2:4-I)ihydroxy-7-methoxyquinazoline, 899. 

CgHgOJIa 6-Nitro-OjV-diacetylmdoxyl, 611. 

CAO.N. Malonic semi-aldehyde 2:4-dinitrophenylhydrazone, 1032 
OANgS 5 •Amino-4-phenylthiazole, and its hydrochloride, 1598. 

CgHgNaSg 6-Amino-2-mercapto-4.phenylthiazole, and its hydroolilorido, 1603. 

2;4-I>ithio-6-phenylhydantoin, 1606. 

CANgCl 2 -Chloro-7-aimno-4-methyl-l :8-naphthyridine, 1409. 

CAOgBv 5 -Bromo-2-hydroxy-4-methylacetophenone, 230. 

6-Bromo-o-tolylacetic acid, 691. 

CAOsN 6-Nitro-l-hydrindenol, 96. 

CgH^NgCl 2.(4'-Chlorophenyl)dihydroglyoxaUne, and its salts, 500, 

GgHioONg 2-p-Hydroxyphenyldihydroglyoxaline, and its salts, 504. 

GAoOgNg 2-Nitro-3*amino-4-methylacetophenone, 230. 

2- Nitro-6-ainino-4-methylacetophenone, 230. 

3- Nitro-6-amino-4-methylacetophenone, 229. 

CJH.,O.K. 2 -Carbamido-4-methoxybenzoic acid, 898. 

CoHxoClAs 5-Chloro-2-methyh>oarsindoline, and its salts, 669. 

CoHxxON, Benzamidoacetamidine, hydrochloride, 1374. 

CgHixOgN 3-Nitro-4-isopropylphenol, 186. 

CgHxxOsN d-(3:4-Dihydroxyphenyl)serine, and its picrate, 660. 

CoHxaOS Methyl 2-phenoxyethyl sulphide, 770. 

C.Hx,OaN, 3-Dimethylaminophenol urethane, methiodide, 189. 
Methyl-2-nitroethylaniline, hydrochloride, 1489. 

2- Nitro-4-aminowopropylbenzene, 1 86. 

3- lS[itro-5-dimethylaminotoluene, methiodide, 187. 

2-Nitrotsopropylaniline, 1489. 

CgHxsNgSg 2:2':2"-Trithiocyanotriethylamine, hydrochloride, 322. 

CJH»OS 3-Amino-4-»«opropylphenol, 186. 

4- I)imethylamino-o-cre8ol, and its methiodide, 188. 

6-Dimethylamino-w-crosol, 188. 

2-Dimethylamino-jp-cresol, and its methiodide, 188. 

CgHxgONa 3-Ureidophenyldimethylamine, and its methiodide, 185. 

C»Hx80jN 6-Methoxy-2-methyl-6-methoxymethylpyridine, picrate, 133. 

CaHxaOgBr Diethyl y-bromomesaconate, 1179. 

CaHxaOsNs Cytidine, synthesis of, 1052. 

C9H13NS p-Tolyl 2-aminoethyl sulphide, hydrochloride, 1481. 

CgHxgOaNa 1 -Nitro- 1 -(2-cyanoethyl)cyc/ohexaiie, 1507. 

CaHigNaSa 6:5-cycZoHexamethylene-2:4-dithiohydantoin, 683. 

6:6-Methylcyclopentamethylene-2:4-dithiohydantoins, 683. 

CaHxsOaN Ethyl a-(o-ethoxvethylideneamino)-/3-hydroxyacryIate, potassium salt, 101. 

Ethyl a-iaopropoxymethyleneamino-jS-hydroxyacrylate, potassium salt, 101. 
C8Hi50eN 3-Nitro-2:4-diacetoxypentane, 1473. 

C3i.OK. 6-Amino-2:2-pentamethylencpyrroline A-oxide, and its hydrochloride, 1511. 
CgHxeOS 2-Mcthylcyclohexyl thiolacetate, 138. 

CgHieOSg 2:2-Pentamethylene-4-hydroxymethyl-l:3-dithiolan, 695. 

CgHxeOg^a 8 -Chloro-octyl chloroformate, 178. 

CaHxeOgBrg l-Bromo-3-(2-bromoethyl)hexane-l-carboxylic acid, 224. 

CgHxeOgS MethylcycZohexylthioglycollic acids, 39. 

CJH„04N. Nitro-2-( 1 -nitroisopropyl)cycZohexane, 1 491 . 

CaHxgOgS l-MethylcycZohexylglycoUyl sulphones, 39. 

CoHxeNaSa 6-Methyl-5-n-amyl-2;4.dithiohydantoin, 683. 

CaHxrOaN 2-NitroitfopropylcycZohexane, 1499. 

C9Hx70aBr 3-(2>Bromoethyl)hexano-l>carboxylic acid, 224. 

C9Hx703Na Methyl 8-ketoheptoate semicarbazone, 1108. 

5»5i80Na 1 :3-Di-w-propyliminazolid-2-one, 316. 

CgHxgOaS n-Butyl 3-ketoamyl sulphone, 1616. 

C»Hx*OaN l-Nitro-2;2:3:3-tetramethylpentane, 1498. 

CgHisOgN Hexoxyurethane, 966. 

Nitro-ZerZ.-butyl »-amyl ether, 1476. 

CaHxaNCla d-Chloroethyldiwopropylamine hydrochloride, 59. 

CAiON l4onoxyamine, salts, 967. 

CAiOaP Diethyl n-amylphosphonate, 1466. 

Diethyl 3-methvl-n-butyl-l-phosphonate, 1467. 

CA1N7S3 Tri-(2-Mot]iioureido-i8-ethyl)»inine, tetrahydrochloride, 322. 

O.S^OJPi Tetraethyl methylenediphospbonate, 1467. 

9 IV 

0AOV,01. 2;4-Dichloro-7 -methoxyquinazoline, 899. 

0AOR.C1 6 -Chloro-4-hydroxy-7-methylcinnoline, 230. 

8-Chloro-4-hydroxy-7 -methylcinnoline, 23 1 - 

4-Chloro-6>methoxycinnoline, 920. 

6-Chloro-4-methoxyoinnoline, 1666. 

6-Chloro-l -methyl-4-cinnolone, 1655. 

C^K70ILBr 6-BTomo-4-hydroxy-7-methylcinnoline, 230. 

CiH70alfA p-Nitrophenyl 2-ammo-5>tMazyl sulphide, 112. 

CaHTNaCaS 2-Chloro-4-methylthioquinazoline, 780. 

CAHaOIS, 2-p>Chlorobenzene8iilphenamidothiazole, 113. 
a>-Cnlcrophenyl 2-aoetamido-5-tniazyl sulphide, 113. 
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Formula Index. 


6-Broxno-2-aimno-4-pheiiyltluazole, 118. 

OAOUii 5-Broxno-o-tolyl diazomethyl ketone, 690, 

OAOjKn 3*Chloro-2-nitro>4<methylaoetophenone, 230. 

5-Chloro-2-nitro-4-methyiacetoph6none, 230. 

CtH$OJIBr 5>Bromo-2>iiitro>4-methylacetophenone, 230. 

CiHfOifS 2-Methyldihydro>l:3*benzthiazme>4>one, 704. 

CAO,f^b P'Carbethoxyphenylstibinoiis chloride, 8. 

p^Carbethoxypnenyl stibinous iodide, 8. 

CgHgOsllS 2-Methyldibydro-l:3-benzthiazine-4>one iSf-dioxide, 764. 

€«HA(ni 6-Chloro-4-ainmocinnoline methiodide, 1655. 

OAoOHOl 6>Chloro-2-amino-4-methylacetophenone, 230. 

OgHioOllBr 6>Bromo-2>ammo*4-methylacetophenone, 230. 

CAoOBtS Benzamidothioacetamide, 1373. 

OAoOlUr 5*Bromo-o>tolualdehyde semicarbazone, 692. 

CfHjoOaN^ 2-(4'-Sulphophenyl)dihydroglyoxaline, 600. 

CsHnOfi^aAs 5>Hydroxy-2-phenyl-l:3<dit}ua-2>aTBacydohexane, 596. 

2-rheny 1-4-hydroxy methyl-l:3-dithia-2-ar8acycZopentane, 696. 

Methyl 2-nitro-l-phenylethyl sulphide, 1479. 

Phenyl 2-nitroi«opropyl sulphide, 1479. 

C^HiiOAS 2-(4^-Sulphonaiiiidophenyl)dihydroglyoxalme, and its toluene-p-6ulphonate« 500. 
C^HiiOASa p-Methylsulphonylbenzamidinium thiocyanate, 391. 

CAiOJfS JV - Acetylbenzenesulphonmethylamide, 387. 

CAi^i^^S p-Tolyl 2-nitroethyl sulphone, 1481. 

-Chloro-2-aminophenyldimethylcarbinol, 810. 

OaHxtOaNaS 2-p-AminobenzoneBulphonamidoiminazoline, 822. 

OgHitOaNaS /i-Sulphanilyl-a-acetylguanidine, 822. 

CoHitClj^aHg Phenyl 2-methylthioethyl sulphide mercurichloride, 772. 

CaHxaOC^S 2-Methylcyc2ohexyl triohlorothiolacetate, 141. 

CaHiaOaNS Ethyl 2:4-dim)3thylthiazole-5-acetat6, and its picrate, 1402. 

Uridine-2^-phosphate, and its'salts, 341. 

CtHiaOaNaS ^-Sulphanilyl-aa-dimethylguanidine, 821. 

CgHi»0(3o 2-MethylcycZohexyl chlorothiolacetate, 139. 

CgHigOeNCl Di-( 2-ethoxy ethyl)carbamyl chloride, 313. 

OaHigNClSs 2-Chloroethyl 2-(A^-diethyldithiocarbamato)ethyl sulphide, 860. 

OgHigOA^l Trimethyl-2-hydroxyethylammonium chloride iVT-allylurethane, 180. 
CgHaiOaNgd Trimethyl-2-hydroxyethylammonium chloride iV^-propylurethane, 180. 

Trimethyl-6-hydroxypentylammonium chloride urethane, 180. 

CgHgiOgNgl Triethyl-2-hydroxyethylammonium iodide urethane, 181. 

9 V 

C9H708l^lSg jp-Chlorophenyl 2-amino-6-thiazyl sulphone, 114. 

OgHgOftNBrS 3-Bromo-l-p-nitrobenzeneBulphonylacetone, 117. 

CgHigOgNBrS n-Butyl 3-bromo-3-nitroamyl sulphone, 1516. 


CjQ Group. 

CxoHg Naphthalene, chloromethylation of, 1432. 

CioHii Tetrahydronaphthalene, chloromethylation of, 1432. 

10 n 

CxoHgN Z-a-Phenylethyldimethylamine, and its picrate, 94. 
CxApg Octa-l:7-dien-3:5-diyne-l;8-dicarboxylic acid, 1689. 
CxoHgNg 5-Oyanoquinoline, and its salts, 439. 

7-Cyanoquinoline, and its salts, 441. 

CioHgla l:5-I)i-iodonaphthalene, 81. 

OxoHgOg m-Methoxyphenyl ethynyl ketone, 348. 

CxoHgOg o-Methoxyphenylpropiolio acid, dimerisation of, 224. 
CioHgF p-Fluorophenylbutadiene, 1095. 

OxoHgCl l-(p-Chlorophenyl)buta-l:3-diene, 1095. 

CxoHA l-(p-Bromophenyl)buta-l:3-diene, 1096. 

C,.H„0. Deca-2:8-dien-4:6-diyne-l:10-diol, 1689. 

m-Methoxyphenylethynylcarbinol, 348. 

CtAoO, ^-3 -Hydroxy benzoylpropionic acid, 1193. 

CioHiiNg 8-Amino-7-methylquino]ine, 441. 

1- Phenyl-2-methylizninazole, and its picrate, 102. 

Cx^ptfiOs Clavatol, 612. 

Pent-2-en-4-yn-l-ol, 1684. 

Cx^igOg n- and »«o-Butyl coumalates, 1178. 

Bthyl j8-2-furoylpropionate, 1194. 

OioA^g 2-BenzyldihydroglyoxaUne, and its salts, 500. 

2- Phenyl-3:4:6:6-tetrahydropyrimidine, and its salts, 600. 
CxeHigNg 2-(4'-Aininobenzyl)d:diydroglyoxaline, and its salts, 500. 
CxAA Beca-4;6-diyne-2:9-di<u, 1582. 

2-(2:3-Epoxy-l -butoxy)heXren-5-yne, 1686. 
o-2-Hydroxyethylbenzyl methyl ether, 1639. 
2-HydroxycycZohex-l -enyl-a-isobutyrolactone, 1166. 

CxoHxA iV-Methyl-N'-ethylbenzamidine, and its salts, 385. 
trafis-4:4'-l)ibromo-2: 2^-dimethylstilbene, 692. 


Formula Index. 


ion— loni 


CiAisN 2-Amino-3-phenylbutane, 1499. 

1- Cyano*2:2:3-trimethylcyclohex-6-eue, 1667. 

CiAijr, 3:6-Diamino-l:2:7:8-dibenzocarbazole, dihydrochloride, 77 . 

CioHieOs 2:2:3-Trimethylcydohex-6-ene-l-carboxylic acid, 1667.' 

OioHmOs l:2-DihydroxycycZohexyl-a-i«obutyrolactone, 1166. 

2 - Ketocyctohexyl-o-i«obutyric acid, 1166. 

CioHi«Br 4 /S-PheUandrene tetrabromide, 1039. 

CioB^iftOs 3:6-l>iniethyl acetone l>arabofuranose, 1064. 

2 -Methyl 3:4-acetone j3-methyl-D-arabopyranoside, 1343. 

2-Methyl 3:4-acetoncrj8-methyl-L-arabopyranoside, 1343. 

C 10 H 18 N 4 l:4-Bis-(2'-dihydroglyoxalinyl) butane, and its toluene-p-sulphonato, 500. 

l:2-Bi8-(2'-tetrahydropyrimidyl)ethane, and its toluene-p-sulphonate, 600. 

CjoHieS X>ihydromyrcene sulphide, 1628. 

Thiolacetyl rubber, 139. 

C,*.N aa-Diethyl-a-n-butylacetonitrile, 741 . 

CioHaoO 2:2;6-Trimethyl-6-ethyltetrahydropyran, 1108. 

GioHsoOa 2-(2:3-Epoxy-l-butoxy)hexane, 1686. 

CioH 8 oN 4 4:4'-Bi8-(dihydroglyoxalinyl)8tilbene, and its toluene-p-sulphonate. 500. 
CxoHaoNe 2:6-Diamino-4-^-diethylaminoethylaminopyrimidine, and its pioratc, 46. 
CioHaoS 2:3-Dimethyl-6-wopropyltetrahydrothiopyran, 1539. 
2;2;6;6-Tetramethyltetrahydrothiopyran, 1 107. 
2:2:6-Trimethyl-6-ethyltetrahydrothiopyran, 1 108. 

CioHaoSn Diethyldiallyltin, 1460. 

CioHgaOg 2 : 6 -Dimethyloctane- 2 : 6 -dio], 1108. 

CioHa^a Decoamidine, hydrochloride, 741. 

aa-biethyl-o-w-butylacetamidine, and its picrate, 741. 

CioHaaSa Dihydromyrcenethiol, 139. 

2:6-Dimercapto-2:6-dimethyloctane, 1538. 

10 m 

C 10 H 4 OX 0 N 4 2:4:6:8 -Tetranitro-1 : 5-dihydroxy naphthalene, 353. 

CioHsOsN, 2:4:6-Trinitro-l : 6 -dihydroxy naphthalene, 353. 

CioHe 04 Na l: 8 -I>initronaphthalene, preparation of, 1109. 

CxoHeOeN, 2;4-Dinitro-l :5-dihydroxynaphthalene, 353. 

2:6-Dinitro-l :5-dihydroxynaphthalene, 353. 

CioHeOaN* Tetranitronaphthylenediamines, 81 . 

C 10 H 7 O 3 N 7-Nitro-2-naphthol, 331. 

C 10 H 7 O 4 N 3 l:7-Dinitro-2-naphthylamine, 1061. 

CxoH 70 ^N 7 5-Nitro-l:3-bi8-2':2':2'-trinitroethylbenzene, 1236. 

CioH 7 N(a 2 l:4-Dichloro-2-naphthylamine, 643. 

1 : 6 -Dichloro- 2 -naphthylamine, 643. 

CxoH 7 NBra 7:8-Bibromo-2-naphthylamine, 329. 

CxANsCl, 4;6-Dichloro-2-amino-6-phenylpyrimidine, 1362. 

CxoHsOx^Ne l:4-Bis-2^:2^*2^-trinitroethylbenzene, 1236. 

CxoHgNCl 7-Chloro-8-methylquinoline, and its salts, 442. 

Chloro-2-naphthylamines, 330, 648, 649. 

CxoHsNBr 6 - and 7-Bromo-2-naphthylammes, 330. 

6 - and 7-Iodo-2-naphthylamines, 330. 

CX 0 H 8 N 4 CI 3 4-Chloro-2-amino-6-p-chloroanilinopyrimidine, <-nd its hydrochloride, 1361. 
CxqHoON 6 -Methoxy quinoline, and its picrate, ^ 0 . 

7-Methoxy quinoline, and its salts, 441, 444. 

CxoBEaOaN ^-3- and -4-HydroxybenzoylpropionitriIe8, 1193. 

Methyl pyrrocoline-2-carboxylate, 674. 

CxcHsOgNs 2-Amino-4-hydroxy-6-phenoxypyrimidine, 46. 

Base, from nitration of o-acetamidoacetophenone, 238. 

CxoH,OaBr 4-Bromo-2-methylcinnamic acid, 692. 

CioHaO^Br jS-p-Bromobenzoylpropionio acid, 1193. 

C 10 H 9 NS 8 2-Methylthio-4-phenylthiazole, and its hydrobromide, 1658. 

CxoHaNaCl 1 -Chloro- 2 -uaphthylhydrazine, 643. 

CxoHioONa Benzamidoethyl cyanides, 1371. 

CxoHxoOaS ) 8 -(Benzylthio)acrylic acid, 1033. 

CxoHxo 04N8 3 -Nitro-2-acetamidoacetophenone, 238. 

CxoHxoNaS 5-Amino-2-benzylthiazole, 1696. 

Phen^dthionacetamidoacetonitrile, and its hydrochloride, 1 596. 

CioHxoNaSa 6-Amino-2-methylthio-4-phenylthiazole, and its salts, 1604. 
2-p-Toluenesulphenamidothiazole, 113. 
p-Tolyl 2-amino-5-thiazyl sulphide, 113. 

CioHxoNsd 6-Ammo-2-p-ohloroanilino-4-methyl-l;3:6-triazine, 158. 

CroHiiOCl p-Chlorophenylpropenylcarbinol, 1095. 

p-Chlorostyrylmethylcarbinol, 1096. 

CioHxxOBr p-Bromophenylpropenylcarbinol, 1096. 

p-Bromostyrylmethylcarbinol, 1095. 

CioHjjOF p-Fluorophenylpropenylcarbinol, 1095. 

jp-Fluorostyrylmethyloarbinol, 1095. 

CioHxxOgN l:2:3:4-Tetrahydrowoquinaldinic acid, 129. 

rdroxybenzoylpropionamide, 1196. 

CioHxxOaNs 9-d-MannopyranoBidoadenine picrate, 357. 

CioHixOall 4-Methylcinnoline-7-carboxylio acid, preparation of, 809. 

^xoHixKS 3-Ethyl-2-methylenebenzthiazoline, 966. 
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GioHiiNSe 3-Kthyl>2>methylenebeiiz8elenazolme» 956. 

CioHiiOlSs 2-Phenyl-4>ohloromethyl<l:3-dithio}an» 594. 

CioHiaOKs 2^-ADisyldihydroglyoxaUne» and its salts, 500. 

CioHiaOS /S-Benzylthiopropaidehyde, 1611. 

CtoH^OSa 2-Phenyl-4-Uydroxy-l:3-dithian, 594. 

2-Plie:^l«4>hydroxymethyl-l :3>dithiolan, 594. 

CiiJSiaOaNa /S^Benzaxnidopropion amide, 1376. 

CioHiaOaS Methyl 2-benzoyloxyethyl sulphide, 769. 

CioHitOsNa 2-Kitroethylacetanilide, 1488. 

CioHiaO»8 ** Bugenol suite ne **, 127. 

CtA. 0^4 O-d-Xylopyranosidoxanthine, 381. 

CxoHxsON 7-Hydroxy- l-inethyl-l:2;3:4-tetrahydroquinoline, 186, 188. 

CxoHiaONs ^-Benzamidopropionamidine, hydrochloride, 1376. 

CioHiaOCl o-2-Chloroethylbenzyl methyl ether, 1640. 

CxoHxaOaN 5:6-I>ihydroxy-2-methyltetrahydroisoquinoline, salts, 194. 
6:7-I>ihydroxy-2-methyltetrahydroisoquinoline, hydro bromide, 1 94, 
4-Methoxybenzylacetoxime, 196. 

2- Metboxypropiophenone oxime, 196. 

C>AaO.N a-Amino-y-(p-hydroxyphenyl)butyric acid, 1572. 

Methyl 2-nitro-l-phenyl-a-propyl ether, 1476. 

Ci3»0«N 5-Acetoxymethyifuran-2-iminoether, hydrochloride, 398. 

CioHxs 04 Na l>i-(2-nitroethyl)anillne, and its hydrochloride, 1488. 

CioHx 304 Afl Phenyl-3-carboxy-n-propylar8onic acid, 623. 

CxoHxsOsN ^-(8:4-llihydroxyphenyi)-i^-methyl8erme, 661. 

CxoHxsOeCU 2-Chloro 3:4-diacetyl l:6-anhydro j8-altrose, 15. 

OxA.pjT. 2-Dimethylaminophenol iV'-methylurethane, methiodide, 189. 

3- l>imethylaminophenol jV - methylurethane, salts, 189. 

4- l>imethylaminopheiiol jY-methylurethane, methiodide, 189. 
Kthyl-2-nitroethylaniline, and its salts, 1489. 

2-Furyl /8-dimethylaminoethyl ketone cyanohydrin, 1194. 
Methyl-2-nitropropylanilines, and their salts, 1489. 

2 -Nitro-4-dimethylamino-l -ethylbenzene, methiodide, 187. 

4- Nitro-6-dimethylamino-m-xylene, methiodide, 187. 

0i«Hx4OsS 2-Hydroxy-3-methoxy-6-n-propylbenzene8iilphonio acid, and its salts, 125. 

5- Hydroxy-4-methoxy-2-n-propylbenzenesulphonic acid, and its salts, 126. 
CX 0 H 14 O 6 N 4 l-d-Arabinosidoglyoxaline-4:5-dicarboxyamlde, 380. 

1 -r-Arabino8idoglyoxaline-4:5-dicarboxyamide, 380. 
l-d-XylopyranoBidoglyoxaline-4:5-dicarboxyamido, 381 . 

CxoHxoON 3-I>imethylamino-4-ethylphenol, methiodide, 188. 

5- l>imethyiamino-2-ethylphenol, and its methiodide, 188. 

6- I)imethy lamino-m-4-xy lenol, 1 88. 

I>imethyl-^-(hydroxyphenyl)othylamines, salts, 194. 
a-(2-Methoxyphenyl)propylamine, picrate, 196. 
Phenyldimethylaminomethylcarbinol, and its salts, 168. 

CxoHxftOaBr c veto Hex- 1 -enyl-a-isobutyrobromolactone, 1165. 

CioHxsOsN l-Hitro-2-(2-furyl)hexane, 1500. 

CX 0 HX 6 O 4 N l-(l-Nitro-2-acetoxyethyl)eyeZohexene, 1474. 

CxoHxoNS Methyl 2 -benzylaminoethyl sulphide, and its salts, 771. 

Cxf^ioS^ Triallylphosphine-carbon disulphide, 1448. 

CioHi^ONa 2;4-Tetramethyldiaminophenol, dimethiodide, 188. 

2:5'Totramethyldiaminophenol, dinydrochioride, 188. 

CX 0 H 14 N 482 DimethylcyeZopentamethylenes, 683. 
5-Methyl-5-isohexenyl-2:4-dithiohydantoin, 683. 
5-Methyl-5-cyelohexyl-2:4-dithiohydantoin, 683. 

Cx^xiON l-Diothylaminohex-4-en-2-yn-6-ol, 1579. 

CioHitOsNs 2-2'-Hydroxyethylimino-5:5-cyc^opentamethylenehydantoin, 686 . 

4-2'- Hy droxyethylimino-5:5-cyeZopentamethylenehydantoin, 686 . 

C,.H„O.N Ethyl ethoxyoarhethoxymethyleneaminoaoetate, 100. 

OioH„O.Cl 2-C nloro-3:4-acetone a-methylaltroside, 15. 

CxoHi^OsBr 2-Bromo-3;4-acetone a-methylaltroside, 17. 

CxoHxeOS 3-Methyl- 1: 2-acetone glucofuranose 6 -sulphato, barium salt, 1677. 
CxoHisO^Cls 9-Chlorononyl chloroformate, 178, 

CxoHxs 07 S 2-Methanesulphonyl 3:4-acetone ^-methyl-n-arabinoside, 1343. 

MethyltriaUylphosph onium iodide, 1448. 

OxoHxftON l-l>iethylaminohex-2-yn-5-ol, and its picrate, 1579. 

CxoHx.O]^ 2:2:3-TrimethylcyeZohexanone semioarbazone, 1567. 

Bebacio semialdoxime, 755. 

CxigiiW^ Geraniolene sulphide methiodide, 1531. 

CiA.O,g. 2:4 -I>iacetamido-2-methylpentane, 1398. 

CxoHie 0^4 1 >Triacetyl-c2-xylopyrano8idoglyoxaline-4:5-dioarboxyamide, 381. 
CxoHaxOK X>ecan-5-one oxime, 1496. 

CxoHaiGl|| 5:5- I>imethyl-2-( 1 -oar bamyl«sopropyl)hexahydropyrimidine, 1 503. 
CxJB[BiO«lfs Base, and its salts, from 2-nitro-2-ethylpropane-l:3-diol, 927. 

J^dro 3 ^methyl- 2 : 4 -dinitro- 4 -hydroxymethyl- 2 rethylhexylamine, salts, 926. 
CxAxO^. Trisdimethyithallium tartrate, 1384. 

CxoHiON* JV-Methyl-iV'iV"-diethyl-iV'-3-methylaminopropylurea, 315. 

Nono:i^guanidine, nitrate, 967. 

CSxoHs»0^ XHeth^ n-hexylphosphonate, 1466. 

CxoHi 40 Jla l:10-l>eoamethylenedioxy diamine, dihydroohloride, 967. 

1758 



cap caocacao caeacacacacacacaca caca 


Formula Index, 


ioni>-ioiv 


C|o^s40«Ps Tetraethyl ethylenediphosphonate^ 1467. 
CioHteOsSia Pentaethyidisiloxanol, 1592. 


10 IV 

CioHftOaNBSTa l:2-Dibromo-7-nitronaphthalene, 329. 

2:4-Dibromo-l -nitronaphthalene, 128. 

CioH«0«N01 2-Chloro>6-nitronaphthalene, 330. 

2-Chloro-7 •nitronaphthaleno, 330. 

6>Chloro-2*nitronaphthalen6, 548. 
ioH,0«NBr 2-Broino-7-nitronaphthalene, 330. 
loShOaNI 2-IocLo-6-mtronaphthalene, 330. 

2^odo-7-nitronaphthalene, 330. 
loHeOaNaCla 6:7-I)ichloro-4-acetoxycinnoline, 232. 
loHrOaNaBr l-Bromo-7-nitro-2-naphtbylamine, 329. 
toHrOaNS Propylammonium toluene-p-8ulphonatcs» 385. 

2;4:6-Trihydroxy-6-p-chlorobenzeneazopyrimidine, 1248. 
loHaONCl /3-p-Chlorobenzoyipropionitrile, 1193. 
loHsONBr /5-p-Bromobenzoylpropionitrile, 1193. 
loHeONad 4-Chloro-2-amino-6-phenoxypyrimidine, 46. 

.oHaONada 2:4-Dichloro-6-p-ani8idino<l :3:6-triazine, 168. 
loHgOaNaS 2-Amino-4-o-carboxyphenylthiazole, 1657. 
t«oNitroso-2-acetonylbenzthiazole, 1621. 
loHaONS 2-Acetonylbenzthiazole, 1621. 
loHaONad 2-Chloro-3:4;2':3':-pyridoacridone, 680. 
loHaOl^d 2-p-ChloroanLilino-4'hydroxy-6-methyl-l:3:6-triazine, 168. 
loHaOaNS 3>Keto-2-acetyl-2:3-dihydrobenzthiazine, 1621. 
loHgOaNaSa 2-p-Nitrobenzenesulphenaimdo-5-methylthiazoie, 114. 
p-Nitrc^henyl 2-amiiio-4-mothyl-5-thiazyl sulphide, 115. 

L0H0O3NS 2-Keto-l-propionyl-l:2-dihydrobenzt«othiazole /Sf-oxide, 763. 

LoHaOaNad 4-Chloro-2-nitro-3-aoetamidoacctophenone, 231. 

4-Chlora-2-iiitro-6-acetamidoacetophenone, 231 . 

C,AO.N,S, 2-Amino-4-(p-nitrophenylsulphonylmethyl)thiazole, 1 1 7. 

p-Nitrophenyl 2-amino-4-methyl-5-thiazyl sulphonc, 117. 

CioHeNaClSa 2>p-Chlorobenzenesulphenamido-4-met>liylthiazole, 116. 

p-Chlorophenyl 2-amino-4-methyl-5-thiazyl sulphide, 116. 

CioHxoOaNd 4-Chloro-2-acetamidoacetophenone, 235. 

4-Chloro-3-acetamidoaoetophenone, 231. 

CioHioOaNaSa p>Tolyl 2-amino-5>thiazyl sulphone, 1 14. 
dAoNClS 6-Chloro-3-ethyl-2-methylenebisthiazolino, 956. 

CjoHioNaClI 7-Chloro-4-methyloinnoline methiodide, 811. 

CioHiiONda /3-Benzoylpropiochloroimide, 1194. 

CioHixONS 2-Ethyldihydro-l:3-benzthiazine-4-one, 764. 

CioHi^OaNsSa 2-Amino-4-(p-aminophenyl8ulphonylinethyl)thiazole, 117. 

CioHiiOsSaAs 2-(p-Carboxyphenyl)-4-hydroxymethyl-l:3-dithia-2-arsacych)pontano, and its brucine salt, 
695. 

CioHiaONaS a-Benzamidothiopropionamide, 1375. 

)3-Benzanudothiopropionamide, 1376. 

CioHiaONaBr 3-Bromo-4-inethylacetophenone somicarbazono, 230. 

CioHiaOaNd 2-Chloroethyl iV'-benzylcarbamato, 179. 

CioHiaOaNI 2-Iodoethyl ^-benzylcarbamate, 179. 

CioHiaOaNaS 2-(4'-Methyl8ulphonylphenyl)dihydroglyoxalino, and its toluono-p-sulphonate, 500. 
CioHijOaClAs Phenyl-3-carboxy-n-propylehloroar8ine, 623. 

CioHiaOsNaS 2.(4' -Sulphophenyl)-3:4:5;6-tetrahydropyriinidinc, 500. 

CioHiaOaNaS jS-Metliylthiopropaldehyde dinitropbenylhydrazone, 1611. 

CioHiaOaNad 2-Chloro.5-dimethylamiiiopbenol A^-methylurethane, salts, 1 90. 

CioHiaOaNsS 2-(4'-Sulphamidobenzyl)dihydroglyoxaline, and its salts, .600. 

CioHiaOaNsS Acefcylsulphanilamidoacetamide, 1375. 

CioHi40aN2S 1 - Acetyl-5:6-cyciopentamethylene-2-thiohydaiitoin, 686. 

A'A-Dimethyl-p-amidinophenyl methyl sulphone, salts, 392, 393. 
JV-Ethyl-p-methylsulphonylbenzamidine, salts, 1112. 

^loHiaOaNaS 2-p.Aminobenzenesulphonamidotetrahydroi)yrimidine, 822. 

CaoHiaOaNaS )8-p.Acetamidobenzenesulphonyl-a>methylguanidine, 821 . 

Acetylsulphanilamidoaoetamidine, hydrochloride, 1376. 

OaoHi,OIS Dimethyl-2-phenoxyethyl8ulphonium iodide, 770. 

^loHjftOaNaSa 5.Sulphanilamido.2.benzylthiazole, 1597. 

CiAsOioNA Adenosine diphosphate, acridine salt, 651 . 

^loHieOWal 4.Ureidophenyltrimethylammonium iodide, 185. 

C^ioHieOaN4S /5-Sulphanilyl.a-2-methoxyethylguanidine, 821. .... - « « 

C 10 H 17 OII 8 S 4.2'-Hydroxyethylimino-5;5-cyciopentamethylone-2-thiohydantoin, 686, 

CjoHuOaKadf iV'iV'.Dmopropylethylenediamine- JNTJV^'.dicarboxy chloride, 316. 

CioHaoOaNd 9-Chlorononyl carbamate, 179. 

CjoHtoOaNBr 2.(2.Bromopropionamido)propaldehyde diethylacotal, 372. 

C,aHaoO«NsS 3:3'-I>initro*3:3'-dimethyldibutyl sulphone, 1517. 

CioBaiOaNSa Tri8-(2-methyl8ulphonylethyl)nitromethane, 1516. 

CioHaaOaBad Trimethyl-6-hydroxyhexylammonium chloride urethane, 180. 
Tri8-(2-methybulphonylethyl)methyIamine, 1516. 

3:3'-I)iamino-3;3'-dimethyldibutyl sulphone, hydrochloride, 1517. 

CioHasOdSia Pentaethylchlorodisiloxane, 1592. 

5 V 


1759 





Formula Index. 


10 V 

CtJgfOJI/HSa p-Ohlorophenyl 2>ammo-4-methyl-5-tiuazvl solphone. 117. 
CxJELyfijbm Methyl 3-&itro-d«p*bromophenylpropyl 8ulphoiie» 1517. 
CioBtigOjHaCIS 2-»(4^-Methylsttlphonylphenyl)dihydroglyoxalimam chloride, 502. 
CiJ^On&Sg 2>(2-Broinopropionaiiiido}propalaehyde diethylmercaptal, 372. 


^11 Group. 

OiiBii l*(o*, m-, and p-To]yl)buta-l:3-dienee, 1094. 

11 n 

CuHgOg 6>Methoxy-l:4-naphthaqiiinone, 354. 

CiiHioO 5-Phenylpent-2-en-4-yn-l“Ol, 1585. 

OiiHxgOg 5>Methoxy-l:4>dihydroxynaphtha!ene, 354. 

CxxHisO p-Anisylbutadiene, 1096. 

CiiHiaOg y3>3>Methoxybenzoylpropionic acid, 1194. 

s**?* 6- and 7-DiniethyuiimnoquinolineB, and their salts, 441, 443. 

C.iH,.p , o-Methyl 8 t 3 n:ylmethylcarbmol, 1094. 
w-Methylstyrylmethyloarbinol, 1094. 
p.MethylBtyrylmethyloarbinol, 1094. 
o-Tolylpropenylcarbinol, 1094. 
m-Tolylpropenylcarbinol, 1094. 
p-Tolylpropenyloarbinol, 1094. 

CiiHigO* p-Anisylpropenyloarbinol, 1096. 

2-Metnoxy-3 :5-dimethylacetophenone, 538. 
p-Methoxyety ry Imethylcarbinol, 1096. 

CiiHi^Og 01a vatol methyl ether, 612. 

/3-o^ethoxymethylphenylpropionic acid, 1640. 
cyt^Hexyl aconate, 1178. 

CiiHigKg l-Phenyl-2:7<diazacyc2oheptene, and its salts, 500. 

y-Phenylaliyldimethylamine, and its salts, 168. 

CiiHxgO (-f) + di-l:l-Dimethyl-2-phenylpropan-l-ol, 437. 

CiiHigOg )5-3:4-Bimethoxyphenylwopropyl alcohol, 127. 

CiiHigNg A'A-Biethylbenzamidine, salts, 1113. 

AA'-Biethylbenzamidine, and its piorate, 385. 

A-Methybi^^-propylbenzamidines, salts, 385. 

CxtHxgOg Ethyl 2:4:4>trimethylcyc2opentanono>2-carboxylate, 1029. 

OxiHisOt 3:4>Acetone a-methyl-D-galacturonoside methyl ester, 1340. 

CxxHxgNg iVA'Dimethyl-A'-etfaylbenzamidine, salts, 385. 

OxxHgoOg 6-Methyl 3:4-acetone /3-methylgalactoside, 1677. 

l:5-Bi8-(2'-dihydroglyoxalinyl)pentane, and its toluene-p-sulphonate, 500. 
OxiHgiN l-Diethylammohept-2-yne, and its picrate, 1578. 

CxiHgxNs 2-Amlno-4-j9-diethylaminoethylamino-5-methylpyrimidine, and its dipicrate, 45. 
4-AmAno-2-y-dimethylaminopropylamino-6:6-dimethylpyrimidine, tartrate, 49. 
10-Aminodecyl cyanide, 1371. 

Ci^ggNg 2:6-Diamino-4-j3-diethylaminoethylamino-5-methylp3rrimidine, 47. 

2:6-!Diamino-4-y-diethyiaminopropylaminopyrimidine, and its dipicrate, 47. 

CxiHggS cyc2oHexyl isoamyl sulphide, 40. 

CxxHgsN isoAmyl-n-hexylamine, oxalate, 200. 


11 m 

CxiHgOgNg 8-Nitro-2:4-dihydroxy-l:3-diaza-acridine, 734 
OxiHg O^N g 6-(2:4-Dinitrobenzylidene)barbiturio acid, 734. 

CxiHgKBr 6-Bromo-2-oyanonaphthalene, 162. 

CX 1 H 7 ON 6 -Hydroxy- 2 -cyanonaphthalene, 162. 

OxsHfOgNg 2:4-I>ihydroxy-l:3-diaza-aoridine, and its acetate, 733. 

4:6-DlGhl<;>ro-5-p-chlorobenzeneazo-2-methylpyrimidine, 1247. 
CxiHgONg 2-Amino-4-hydroxy-l:3-diaza-acridine, and its hydrochloride, 733. 

4- Amino-2-keto-3:12-diaza-2:12-dihydroacridine, and its hydrochloride, 733. 
CxxHgOgKg 2:4-Dinitro-5-methoxy- 1 -naphthol, 352. 

2:8-Dinitro-5-methoxy-l-naphthol, 352. 

6 : 8 - l>mitro-5-m6thoxy-l -naphthol, 353. 

CxxHgNgOlg 4:6-l>ichloro-5-phen;yl-2-methylpyrimidine, 1361. 

CxiHgOgH 5-Methoxy-l;4-naphthaquinone oxime, 354. 

5- Methoxyquinoline-8-carboxylic acid, 440. 

OiiHgOsNg 2-(p-Nitrophenyl)-6-methyl-3-pyTidazone, 553. 

CxxHgOgCl^ 4:o-l>ichloro-2-A-methylanilinopyrimidine, 1247* - 
CxiHgOgN 8-Nitro-5-methoxy-l -naphthol, 352. 

CxxHgOBNg 7-Di]utro-2-aoetonaphthalide, 1060. 

2:4-l)initro-5-methoxy-l-naphthylamine, 355. 

CxxHgKf^ 2:4-I>iohloro-3-ethyl^uinoline, 909. 

CxxH^aCSg Bichlorpmethylanilmopyrimidine, 1247. 

Cx^ioOgNg 8 -Hydroxy quinoline A-methylurethane, salts, 190. 

CixHxoO^g 4-Ammo-2-^-nitrophenyl)-6-methyl-3-pyridazone, 553. 

CiiHxiON i5-p-Toluoylpropionitrile, 1193. 
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lOtU 4-Amino-2-phenyl-6-methyl-3-pyridazone, and its hydrochloride, 552. 
CiAiO«)N ^-3* and 4>Methoxybenzoylpropionitriles, 1193, 1194. 

CxxHxxO^a 2-.y-Methylanilino-4;6-dihydroxypyrinuine, 1247. 

2- (p-lffitrophenyl)-6-methyl-3-pyTidazinone, 652. 

CuHuO^ Aoetyl> 6 <nitro>l-hydrindenol, 96. 

CiiHiiOaKa jS-Aoetylacrylio acid p-nitrophenylhydrazone, 663. 

CixHiiO|lls 3-Koto-w-butyl cyanide 2:4-dinitrophenylhydrazone, 1507. 

Ciil^iNSa 2-Ethylthio-4-phenylthiazole, and its hydrobromido, 1658. 

2>Phe]^l<4-oyanomethyl> 1 :3-dithiolan , 694. 

CiiHiiNaOi 2-Amino.4-p-chloroanilino-6-methylpyrimidine, 1367. 

4* Amino-2>p-chloroaiulino-6-methylpyrimidme, 1357. 

4 - Amino- 6 -p-ohloroanilino- 2 -methylpyrimidine, 1 368. 
4>Chloro>2>amino>6-p*tolnidinopyTimidine, and its hydrochloride, 1362. 
CiiHiaOl^ S’Benzamidopropyl cyanide, 1370. 

CnHiaOaSa 3-Nitro-l-phenyl-2-methylpropyi cyanide, 1605. 

CiiHjaOaNa 2-(6-Nitro-2-acetamidophenyl)propylene, 810. 

CiiHuOaNa 2-Nitro>6-acetamido>4-methylacetophenone, 230. 

3- Nitro-5>acetamido-4-methylacetophenone, 229. 

CiiHiaNaSa 5-Benzyl-5*methyl-2:4-dithiohydantoin, 683. 

2 -p-Toluenesulphenamido-4-methylthiazole, 116. 
p-Tolyl 2-amino-4-methyl-5-thiazyl sulphide, 116. 

CiiHisO^ 3>Acetamido>4«methylacetophenone, 229. 

7>Metnoxy-l-tetralone oxime, 196. 

Methyl jS-benzoylpropimino-ether, hydrochloride, 1196. 
j?>4-Methoxybenzoylpropionamid6, 1 1 95. 

CnHwOaNs a-Amldino-a>vanillylideneacetamide, hydrochloride, 617. 

CiiHiaOfiNs /5*Carbamylwobutaldehyde 2:4-dinitrophenylhydrazone, 1603. 

CiiH laNal 4-Methylcinnoline ethiodide, 811. 

C 11 H 14 OS /S-Benzylthio-ra-butaldehyde, 1611. 

CiiHi^OsN. Benzamidoacetiminoether, hydrochloride, 1374. 

2-(3':4'-l)imethoxyphenyl)dihydroglyoxaline, and its picrate, 600. 
^-(2-Nitroethyl)-l:2:3:4-tetranydroquinoline, hydrochloride, 1488. 
2 -tsoPropylideneamino- 4 -methoxybenzamide, 894. 

a-Amino-y»benzylthio-w-butyronitrilo, hydrochloride, 1611. 

CiiHisON 6 -Methoxy- 2 -methyltetrahydroitfoquinoline, picrate, 193. 

CiiHifiOaN o-Aoetamidophenyldimethylcarbinol, 810. 

O'-Butyl benzhydroxamate, 968. 

/3-Dimethylamino-3* and -4-hydroxypropiophenone8, hydrochlorides, 1102. 


p-3*Methoxyphenylbutyramide, 196. 

CtiHisOaNs p-Methoxyphenylpropaldehyde semicarbazone, 1672. 
O-Acetylhomovanillylamine, hydrochloride, 616. 
a-Amino-y-(jp-methoxyphenyl)butyrio acid, 1672. 

Jitromethyldihydroeugenol, 126. 

CiiHisOgNs O-d-Mannopyranosidoadenine, and its picrate, 357. 

CxiHjeONa 3 - Acetamido-6-dimethylaminotoluene, 1 87 . 

Aoetyl-6-dimethylamino-m-cresol, 1 88. 

CxiH, 4-Dimethylaminobenzyl alcohol iST-methylurethane, methiodide, 190. 

4-I>imethylamino-o-creBol JV-methylurethane, and its methiodide, 189. 
5>DimethylammO'm-creBol JY^-methylurethane, and its methiodide, 189. 

2- Dimethylamino-p-cre8ol iV-methylurethane, and its methiodide, 189. 
£thyl>2-nitropropylanilines, hydrochlorides, 1489. 

2>Nitro>4-dimethylamino-l -isopropylbenzene, methiodide, 187. 

CiiHxe 04 Na Ethyl 2 -methyliminazole-4-carboxylate-l -acetate, 102. 

CixHieOsS 4:6-Dimethoxy-2-w-propylbenzenesulphonic acid, salts, 126. 

0- Methyldihydroeugenol-6-sulphonio acid, and its salts, 126. 

^ 407 N 4 l-d-Gluco8idoglyoxaline-4;6-dicarboxyaniide, and its hydrate, 380. 

CixHi«NCl Ethyl-3-chloropropylaniline, 311. 

CxiH^ON l-Amino-7-methox3^etralin, hydrochloride, 196. 

4- I>iethylamino-o-cresol, and its methiodide, 188. 

3- !Dimethylamino-4-i‘sopropylpheno], and its methiodide, 188. 

5- X>im6thylaniino-2-isopropylphenol, and its methiodide, 188. 
l>imethyl-a-(hydroxyphenyl)-n-propylamines, and their salts, 194. 

Dimethyl-a-j 4-hydroxy -m-tolyl)ethylamine, hydrochloride, 194. 
l>imethyl-j3-(3-methoxyphenyl)ethylamine, salts, 193. 

Ethyl-3-hydroxypropylaniline, 311. , mo 

y-(3- and -4-Methoxyphenyl)-a-methyl-TO-propylamine8, salts, 1 Jo. 
Methyl-2-ethoxyethylaniline, 311. 

CxiHi 70 aN 6-Aminomethyldihydroeugenol, and its hydrochloride, 126. 

1- l%methylamino-6-acetoxyhept-4-en-2-yne, and its methoperchlorate, 1679. 

CiiHjtOalf* p-Tolnenesulphonmethylisopropylamide, 311. 

CiiHi 704 N Ethyl a-(a-ethoxyethyUdeneamino)-j3-aoetoxyaceta^, 101 . 

CuHitHB y-Benzylthio-n-butylamine, and its hydrochloride, 1611. 

CiiHigON, 4.Dimethylamino-2-hydroxybenzyldimethylamine, ^hydrochloride, 188. 

2:6.1>iohloro.4-y-diethylaminopropylaminopyrimidme, and its salts, 730. 
CixHmON l-I>iethylaminohept-4-en-2-yn-6-ol, and its picrate, 1579. 

Cx^ 390 «N Ethyl a-ethoxyethylideneaminomalonate, 100. 

JBtnyl Mopropoxyoarbethoxymethyleneaminoacetate, 100. . . ^ -x j. • ^ non 

CxiHi4r«Cl 2-Chloro-4-/5.diethylaminoethylamino-6-methylpyrimi^e, and its <bpicrate, 787. 

4- Chloro-6i-/J-di6thylaminoethylamino-2-methylpyrimidine, and its dipicrate, loot). 
4-Chloro-2-y-iiimethylaminopropylamiQO-6:6-dimethylpyriinidine, 48. 
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Ci}B^0]f4 4>^>DiethvIaminoethylammo>2-hjdro2;y-6-inethylpyrimidin6» and its salts, 786. 
4-jS-Diethylaiainoethylamino-6-hydroxy-2-methylpyiimidine, hydroohlozide, 1356. 
^-I>imethylammopropylammo-4-hydrozy-6:6-dimethylpyrimidine, 48. 

0ixHmO^4 2«y-l>iethylainmopropylamino-4:6-dihydrozypyrimidme, and its salts, 730. 

4- y>l>ietnylaminopropylamino-2:o-dihydroxypyrinudine, and its salts, 731. 

CiifiLaoCtda lO-Chlorodecyl chloroformate, X78. 

OiiHtoOA 6-Methyl 3:4-aoetone /^-methylgalactoside 2-sulphate, barium salt, 1678. 

CuH.^ 10-Bromodecyl cyanide, 1370. 

OiiHaftll sd 4-Chloro-2-amino-6-j3-diethylaminoethylamino-5-methylpyrimidine, 47. 

OiiHioir sBc 5-Bromo-2-amino-4-)3-diethylaminoethylamino-6-methylpyrimidine, 46. 

OiiHsiOyN Ethyl 4-propylpiperidine-2-carbozylate, 224. 

OiiHaiOfNa 5:7-l>initro-3-hydrozymethyl-5:7-diethyl-l-oxa-3-azaeyclooctane, and its hydrochloride, 926. 

5- hfitro-5-ethyl-3-(2-nitro-2-hydroxymethylbutyl)tetrahydro-l:3-oxazine, 926. 

C|iH|ilS Dihydromyrcene sulphide methiodide, 1528, 1531. 

OiiHtaOgS cydoKexyl isoamyl sulphone, 40. 

2:2:6:6-Tetramethyltetrahydrothiopyran methiodide, 1108. 

CiiHafiONg Triethyl-2-ethylamlnoethylurea, 315. 

CiiHgftOsP Biethyl n-heptylphosphonate, 1466. 

UIV 

CuHaO,N,Cl 4-Chloro-2-(i>-nitrophenyl)-6-methyl-3-pyridazone, 663. 

CiiE^OgNS 4-o-.Carboxy]^enyl-2-methylthiazole, 1657. 

4-Fhenyl-2-methylthiazole-5-oarboxylio acid, 1657. 

C2iH40aN4Cl 6-p-Chlorobenzeneazo-4:6-dihydroxy-2-methylpyrimidine, 947. 

>N.S 6-Aoetamido-4-phenylthiazole, 1698. 

C„H„ON.8, 5- Acetamido-2-meroapto-4-phenylthiazole, 1 603. 

OiiHioON|Ca 2-Chloro-7-acetamido-4-mothyl-l:8-naphthyridine, 1409. 

^iiHioOsNaS 5-Amino-4-carboxy-2-benzylthiazole, 1596. 

CtiHioOaNgS 4-p-AminophenylBulphonylpvridine A -oxide, 54. 

OiiHioO^aS 3-p-NitrobenzeneBulphonamido-6-methylpyridazine, 243. 

-Ghloro-2-amino-6-p-ani8idinopyrimidine, and its hydrochloride, 1362. 

OiiHiiOallS A'- Acetyl derivative of 2-methyldihydio-l:3-benzthiazine-4-one, 764. 

A-(p-Aminobenzene8ulphonimido) pyridine, 65. 

CiiHiiOiNgSg 2-p-Nitrobenzene8ulphenamido-4:5-dimethylthiazole, 1 14. 

C11H11O4NS 6-Methoxyquinaldine-4-sulphonio acid, 1553. 

-(4-Chloro-2-acetamidophenyl)propylene, 810. 

CiiHitOgNgSt p-Tolvl 2-amino-4-methyl-5-thiazyl sulphone, 117. 

OiiHiaOaN4S 3-Sulphanilamido-6-methylpyridazine, and its dihydroohloride, 243. 

OiiHiaO«N^ ^-Acetylthiopropaldehyde dinitrophenylhydrazone, 1610. 

CuHuNaCa 6-Chloro-4-methylcinnoline ethiodide, 811. 

CtiHtaOjWaSa 4-Methyl-2-Bulphanilamidomethylthiazole, 1373. 

Cii?i40NBr 4 -Bromo-/3-dimethylaminopropiophenone, hydrochloride, 1193. 
5-Chloro-2-acetamidophenyldimethylcarbinol, 810. 

CiiHigOaNgS 2-(4'-Methyl8ulphonyIphenyl)-3;4:5:6-tetrahydropyrimidine, and its toluene-p-sulphonate, 
500. 

C..H„0*S 1(4' -Sulphophenyl)-2:7-diazacyctoheptene, 600. 

/3-Ethylthiopropaldehyde dinitrophenylhydrazone, 1611. 
Dimethyl-2-benzoyloxyethyl8ulphoniam iodide, 769. 

CaiHiftOaNS Methyl 2-benzamidopropyi sulphone, 1479. 

^iiHisOaNgSa a-Acetylsulphanilamidothiopropionamide, 1375. 

CiiHxeOaNaS /S-p- A cetamido benzenesulphonyl-aa-dimethylguanidine, 82 1 . 

CxxHx^OeNaS 5-^ Utroso-6-amino-4-d-manno8idamino-2'methylthiopyrimidine, 356. 

5i>5 laKlS Bimethyl-2- benzylaminoethylsulphonium iodide, 771. 

CxiHxaONaS 4-2'-Hydroxyethylimino-5:6-(8'-mothylcycZopentamethylene)-2-thiohydantoin, 686. 
OiiHxaONaCl 6-Chloro-4-y-diothylaminopropylamino-2-hydroxypyrimidine, and its salts, 731. 

CxiHaaO«N, iS 3-Nitro-5-n-butyl8ulphonyl-3-methyi-n-amyl cyanide, 1607. 

CxiHaaOaNCl 10-Chlorodecyl carbamate, 179. 

CxxHaaOaNal Trimethyl- 2-hydroxyethylammonium iodide piperidylcarbamate, 180. 

11 V 

CxiHaO^aplSa p-Chlorophenyl 2-acetamido-5-thiazyl sulphone, 114. 

imethyl-2-benzamidoethylsulphonium iodide, 771. 


Ci 2 Group. 

OxaHa Acenaphthylene, photochemical decomposition of, 109. 

12 n 

CxaKxoOa 2-Benzfuryl /3-carboxy ethyl ketone, 1194. 

Benzyl aconate, 1178. 

Bimethyl octa-l:7-dien-3:5-diyne-l:8-dicarboxylate, 1589. 

CxaHxoGs Bischloromethylnaphthalenes, 1433. 

Jf-2-PyrM^lbenzainidine, and its ealte, 1116. 

CiAA 12-Amino-2:3-dihydro-j8-quinidene, and its hydrochloride, 635. 
OxaHt^ l-Ethyl-2.methylene-l:2-dihydroquinoline, 966. 

1 •£thyl-4-methylene- 1 :4-dihydroquinoline, 956. 
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2-Ainino-6-beiizenea*o-4:6-dimethylpyrimidine, 51. 

CxaHi40s Dodeoa-3:9-dien>5:7*diyne-2:ll*diol, 1582. 

CitHi404 Clavatol acetate, 612. 
eyaoHexyl ooumalate, 1179. 

Octa-3:5-diyiie-l:8-diol diaoetate, 1582. 

CxtHx 40 s 0-Carbethoxyhomovanilliii, 1694. 

Cx A40« 0-CarbethoxyhomovaniUic acid, 1694. 

Ci^i4Clt 5:8-Bischloromethyl-l:2:3:4-tetrahydronaphthalone, 1434. 

CiaHisN 2:3‘Bimethyb5-ethvlindole, 1633. 

CiAeP PbenyldiaUylphospnine, 1448. 

CxAiAs Phenyldially)arBine, 1450. 

C.A.O, y-(2-Hydroxy-3:6-dimetbylphenyl)butyric acid, 537. 

CiaHiA l>Benzyl-2:7-diazacycloheptene, and its picrate, 500. 

iViV-Pentamethylenebenzamidine, and its piorate, 392, 394. 

CisHifS c^cloHexyl phenyl sulphide, 40. 

CisHxtN 2:3-l)imethyl-6-ethylindoline, 1633. 

Ci#HxtN* 7-Amidino-9-p-amidinophenylphenanthridine, trihj'drochloride, 86. 

CisHigOa m-n-Amyloxyanisole, 104. 

GiaHig04 2:5-Diallyl l:4-3:6-dianhydromannitol, 1407. 

Biallyl dianhydrosorbitol, 1407. 

CxAJf. j^T-Methyl-^jV'-diethylbenzamidine, salts, 385. 

iV -Methyl- JV'iV'-diethylbenzamidine, salts, 385. 

CigHigS 3:3'-DicycZohexenyl sulphide, 1529. 

CigHgoOg 1-cycioHexenylpentane-l-carboxylic acid, 773. 

1- c^cloHexylpent-l-ene-l-oarboxylio acid, 772. 

C12H20O7 "3:4- Acetone 2-methyl a-methyl-D-galacturonosidc methyl ester, 1340. 

CigHgoNg 2-Amino-6-dimethyIamino-4-fsopropyltoluene, 187. 

2:5-Di-5€C.-butylpyrazine, and its chloroplatinate, 376. 

CigHggS c^cZoHexyl cycZohexenyl sulphide, 1529. 

CxAiK., 2 -Amino-3:6-disec.-butylpyrazine, and its salts, 376. 

N -)§-l)iethy laminoethylphenylenediamines, 916. 

CigHgxP Tri-/3-methylallylphosphine, 1449. 

CifHgiAs Tri-)3-methylallylar8ine, 1450. 

CigHggOg 1-c^cZoHexylpentane-l-carboxylic acid, 772. 

CigHggOg I -Menthoxyacetic acid, silver salt, 511. 

CigHggOii Sucrose, conversion of, into pyridazino derivatives, 239 ; conversion of, into thiazole derivatives, 
590 ; solubility of, at high temperatures, 1678. 

CigHggSg BicyeZohexyl tetrasulphide, 1549. 

CigHggSg Dic^cZohexyl hexasulphide, 1550. 

CigHggNg 2-Ammo-5-d-diethylaminoethylamino-4:6-dimethylpyrimidiue, and its dipicrate, 51. 

4- Amino-2-/3-diethyiaminoethylamino-5:6-dimethylpyrimidiiie, 48. 
6-Amino-2-)5-diethylaminoethylamino-4:6-dimethylpyriinidine, and its dipicrate, 61. 

5- Amino-4-j3-diethylaminoethylamino-2:6-dimethylpyriraidine, 60. 

2- Amino-4-y-diethylaminopropylamino-5-methylpyrimidine, 46. 

C'lsHggO 6-Ethyldec-6-en-5-ol, 758. 

gitHg4Ng ^-cycJoHexyl-oa-diethylaoetamidine, hydrochloride, 1114. 

Cx.H,.N. 2:6-1 ^i5L TiniTi n-4-y-diftt.hylii. TiniTi oprnpyla. Tnin o-5-methy]pyrimidine. and its biH-3:6-dinitrol)enzoate, 
47. 

CigHaxS MethylcycZohexyl t^oamyl sulphide, 40. 

CjgHgsN cyc/oHexyl-»-hexylamine, hydrochloride, 201. 

CigHggNg 2:4:4:6-Tetramethyl-2-(2-aminowobutyl)-2:3:4:.5*tetrahydropyrimidine, 1398. 

giA.0 n-Propyl-n-octylcarbinol, 768. 

C.A.O. Dodecane-2:ll-diol, 1582. 

Dodecane-4:9-diol, 1682. 

51*7? Di-n-hexylamine, m-nitrobenzenesulphonate, 199. 

CigHg7Ns 2:4:4:6-Tetramethyl-2-(2-aminot>obutyl)hexahydropyrimidine, 1 399. 

CxgHggN, 2-Amino-l:3-bi8(diethylammo)-2-methylpropane, 1513. 


12 m 

gi.HgNgClg 2;7-Dichloro-p -phenanthroline, 1661. 
gi2H,OaNa 2:4:6-Trinitro-5-aoetozy-l-naphthol, 353. 
2-Chloro-p-phenanthroline, 1660. 
6:4'-Diohloro-l-phenylbenzotriazole, 938. 

CigSLONg 2-Hydroxy-p-phenanthrolme, 1660. 

p-Phenanthroline i\^-oxide, 1661. 

CxaHgOgNg 6:5'-Dicyano-a/3-2:2^-difurylethano, 398. 

CigHgOgNg 5;5'-Dioyanodifurfuryl ether, 397. 
gitHg07N. 2:4 -Dinitro-6-acetoxy-l -naphthol, 353. 

CiaHeOioNg 2:4:6:8-Tetranitro-l:6-dimethoxynaphthalene, 352. 
CxAGtS* Bi-p-chlorophenyl ieZrasulphide, 1649. 

OxAOH 2-Cj rano-6-methoxynaphthalene, 162. 

CigHgOgN 2-Benzfuryl )3-cyanoethyl ketone, 1194. 

CigH^gN 6-Nitro-2-naphthyl acetate, 331. 

7-Nitro-2-naphthyl acetate, 331. 

CiAOA 2:4:6 -Tmitro-1 :5-dimethoxynaphthalene, 363. 

2:4:8-TrinitTO-l :5-dimethoxynaphthalene, 352. 

CxAO^g l;3:6-Tri8-2':2';2 -trinitroothylbenzene, 1237. 

9:12-lHohloro-2:3-dihydro-j9-quinindene, 636. 
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CuHioOHs 2-Ben2»iiudopyTidiii6» and its salts, 388. 

OxJELMSl^ l*Amiiio-2-benzainidoetliylidenemalononitrile, 1375. 

2- Methylammo-4-hydroxy«l:3*diaza-aciidine, 734. 

CiflHioONc 4-Gnamdino^2-nydroxy*l:3>diaza>aoridixie, and its salts, 734. 

Ci)A|AOUHt S^Hydrozypyridme JV^-phenylurethane, and its methiodide, J90. 

3- !l^htnaiimid<raropyf cyanide, 1370. 

CiJSioOaNa 5>13itTO-0^-diaoetylindoxyl, 611. 

0uHiaO«H 2:8*I>initro« 1 :5*dimethoxynaphthalene, 352. 

2:4->l>mitro*l:6*dimethoxynaphthalene, 352. 

2:6*I>ittitro-l :5-dimethoxynaphthalene, 353. 

4:8-l>initro-l ;5-diniethoxynaphthalene, 352. 

OiaHioOfNa 2:4:8>Trinitro>l*metliylainino*5-methox3maphthalene, 355. 

CiaHi^lAs Diphenylchloroarsine, action of heat on, 429. 

Oi^»ON. 8-Aiilino-6-hydroxy-2-methylpurine, hydrochloride, 946. 

C^isHiiOsNs 3>Nitro-3^«aminodiphenylamine, 597. 

Ci^iiOaN 4-Nitro>l:5-dimethoxynaphthalene, 352. 
l^thalo-2-aoetoxyethylimide, 530. 

CiaHiiN*Cl 9*Chloro-12-amino-2:3-dihydro-)3-quinindene, and its hydrochloride, 636. 
CiaHixNsClf 4-Chloro>6>p>chloroanilino>2:5>dimethylpyrimidine, 1358. 

Diphenylohlorosilane, 1593. 

CitHiaOHa 6-Acetamido-8-methylquinoline, 681. 

8* Acetamido-7 -methylquinoline, 441 . 

5>Amino-2-acetamidonaphthaJene, 548. 

8>Amino>2>aoetnaphthalide, 548. 

C„H..O.N. Ethyl 4-methylcmnoline-7-carboxylate, 810. 

y^Fixthalimidothiobntyramide, 1376. 

Cx^xftOaS 3-Hydroxy-2-n-butyrylthionaphthen, 1576. 

8>Nitro-4-aniino-l :5-dimethoxynaphthalene, 354. 

Schiff’s base, from 6-amino-2-mercapto-4-phenylthiazole, 1603. 

CxA.N^ 4 -Chloro-2-amino-6-p-ohloroaniUno-6-ethylpyrimidine, and its hydrochloride, 1362. 
C„HuOiT 1 -X>imethylamino>2-hydroxynaphthalene, 1 88. 

CxaHxaOaN 4> Amino> 1 :5>dimethoxy naphthalene, 354. 

CiaHxsOgNa y-Phthalimidobutyramidine, hydrochloride, 1377. 

4-Amino-6-(iV'-phenyloarbaiiiido)-6-hydroxy-2-methylpyrimidine, 946. 

N -)3-Benzoylpropionylaoetamide, 1 195. 

2:5-Diacetylacetanilide, 1634. 

/3«3:4>Dimethoxybonzoyl propionitiile, 1194. 

CxaHxaNaAs Phenylbi8>2-oyanoethylar8ine, and its salts, 621. 

CxaHxaN^Cl, 2 •Chloro-4-p-chloroanilino>6-»sopropylamino-l:3:5-triazine, 159. 

CxaHiaONa Benzamido-teH.-butyl cyanide, 1502. 

)8-6-Methoxyquinolyl(4)othylamine, dihydrochloride, 1687. 

4-Amino-5-(iV'-phonylguanidino)-6-bydroxy-2-methylpyrimidine, and its salts, 946. 
CxaHiaOaNa 4:8>Diamino-l:5<dimethoxynaphthalene, and its hydrochloride, 354. 
3-Kitro-l-phenyl-2:2-dimethylpropyl cyanide, 1505. 

3- Nitro-l-phenyl-2-methyl-n- butyl cyanide, 1504. 

CxaHxaOaNa 5:5''X>iamidino«aj3-2;2'-difurylethane, dihydrochloride dihydrate, 398. 

C^iaHxtOaNa 5:5^-Diamidinoduarfuryl ether, and its dipicrate, 397. 

CitHiaOeS Acetylougenol sultone, 127. 

CiiHi 4 NaSa 6-/3-Phenylethyl-5-methyl-2:4-dithiohydantoin, 683. 

Cx^9x«NsAji p- Aminophenyl bi8-2*cyanoethylarsine, 62 1 . 

CxaHxiBrP P'Bromophenyldiallylphospbine, 1 448. 

CxaHxttOaN Ethyl jS-benzoylpropimino^ether, and its hydrochloride, 1194. 

CxaHxiN«Gl 2-Ainino-4-p-ohloroaniUno-6-isopropylamino-l:3:5-triazine, hydrochloride, 159. 
CxaHxbClS p-Chlorophenyl cycZohexyl sulphide, 1551. 

Gx,Hx«ONa 2>Amino-3-phenyl-4:4>dimethylpyrroline JV-oxide, 1511. 

CxaHxaOS j3-Benzylthioisovaleraldehyde, 1611. 

CxsHiaOaNa ^-Benzamido-aa'dimethylpropionamide, 1503. 

6- Hydroxy-2-methyltetrahydrotaoquinoUne iV^-methylurethane, salts, 195. 

7- and 8-Hydroxy- l-methy\tetrahydroquinoline JV-methylurethanes, and their salts, 190. 
CxtHiaOaS cycZoHexyl phenyl sulphone, 40. 

CxiHi«0«N4 2-Picramido-3-methylpentane, 1497. 

Theophylline-7 -^-d-ribofuranoside, 1 054. 

Ci 9 Hx«N|S a-Amino-y-benzylthio-n-valeronitrile, hydrochloride, 1611. 

CxsHxtOK 2-Aoetamido-l:4-diethylbenzene, 1633. 

1- I)imethylamino-7-hydroxytetraUn, methiodide, 194. 
a-Himethylaminomethylpropiophenone, hydrochlorido, 1193. 

CiaHi 70 gN I)imethoxy-2-methyltetrahydrotaoquinolines, picrates, 193. 

^-l>imethylamino-3-methoxypropiophenone, hydrochloride, 1192. 

Cxgl^rO^s 3-Methoxybenzylacetone semicarbazone, 196. 

2- Methoxy-3:5-dimethylaoetophenone semicarbazone, 638. 

CxfHxrOgN 3-Methylarabonanilide, 1063. 

Phenyl-5-carboxy-n-pentanearsonic acid, 623. 

OxAsONg 2- Aoetamido-4-dimethylamino-l -ethylbenzene, 1 87. 

4- Acetamido-6-dimethylamino-m-xylene, 1 87. 

CxgE^OgKt 3-I>iethylaminopbenol iV’^-methylurethane, and its methiodide, 189. 

3- !Dimethylamino-4-ethylphenol A-methylurethane, and its methiodide, 189. 

5- X>imethylamino-2*ethylphenoi A"'-methylurethane, and its methiodide, 189. 

6- Dimethylamino-9n-4-xylenol A'-methylurethane, and its salts, 190. 

2-Hydroxy •5-methyIbenzyldimethyIamine A'-methylurethane, salts, 195. 
^-(3-Hydroxyphenyl>ethylamine A'-methylurethane, salts, 196. 
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CitHiiO^N. 2-Methyl D-arabinoee phenylhydrazone» 1343. 

2-Me^^L-arabmos6 phenylhydrazone, 1344, 

CiaHitOxi^ Thallous sucrose* 1382. 

CiAsN^a 2;6-Dichloro-3:6-di-a€C.-butylpyrazine, 1182. 

OiaHioON 6- and 6-Dimethylainino-4-t«opropyl-o.cre8ol8, and their methiodides, 188. 
I)imethyl-y-(hydroxyphenyl)-a-methyl-n-propylamines, 1 94. 
I)imethyl-^-(3-methoxyphenyl)-w-propylamine, salts, 193. 

Ci*Hi»OaNi l-Nitro-3- and -4-/3-diethylaminoethylaminobenzenes, and their salts, 916, 

CiAftOaNa 2:4- and 2:5-Tetramethyldiaminophenol iV^-methylurethanes, salts, 190. 

CiaHitOftCl 3-Chloro diaoetone glucose, 16. 

CiAaNS y-Benzylthio-y-methyl-u-butylamine, and its hydrochloride, 1611, 

CaAjr.oi 2 -Chloro-3:6-di-«ec.-butylpyTazine, 1 1 82. 

PhenylbiB-2-amidinoethylarsine, and its salts, 622. 

CiaHaoO^ 2-Hydroxy-3:6-di-«ec..butylpyrazine, and its hydrochloride, 376. 

CiaHjoOaNa 2;6-Di-scc.-butylpyrazine di-^-oxide, 1184. 

CiAoHaSj 6:6-4'-Methyli«opropylcyclopentamethylene.2:4-dithiohydantoin, 683. 

2;6-Dichloro-4-y-diethylaminoproi)ylamino.6-methylpyrimidine, and its picrate, 731. 
CiaHaoNsAs p-Aminophenylbia-2-amidinoethylar8ine, and its tripicrate, 622. 

CiAiON Dimethyl-a-(2-methoxyphenyl)-n-propylamine, picrate, 193. 

Tri<^-methylaUylphosphine oxide, 1449. 

CiaHsiNad 4-Chloro-2-j5-diethylaminoethylamino-5:6-dimethylpyrimidine, 48. 

4-Chloro-6-/J-diethylammoethylamino-2;5-dimethylpyrimidine, and its dipicrate, 1368. 
2-Chloro-4-y-diethylaminopropylamino-6-methylpyrimidine, 787. 
4-Chloro-6-y-diethylainmopropylamino-2-methylpyrimidme, and its dipicrate, 1357. 

CiAaONa 2-/5-Diethylammoetnylamino-4-hydroxy-6:6-dimetliyli)yrimidine, 48. 
4-)3-Diethylaminoethylamino-6-hydroxy-2:6-dimethylpyrimidine, dipicrate, 1 358. 
4-y-Diethylaininopropylamino-6-hydroxy-2-methylpyrimidine, hydrochloride, 1 356. 
4-y-Diethylaminopropylamino-2-methylthio-6-methylpyrimidino, and its dihydrochloride, 787. 

CiaHaaOS Dihydromyrcene thiolaoetate, 138. 

CiaHaaOaNa 4-y- Diethylaminopropylammo-2:6-dihydroxy-5-methylpyrimidino, and its piorolonate, 731. 
CiaHaiOaS Dihydromyrcene thioglycollic acid, 39. 

CiaHaaNaCl4 JV.^iV'A'-Tetra-(2-chloroethyl)piperazine, salts, 529. 

CiaHaaN4S 4-j8-Diethylaminoethylamino-2-methylthio-6-methylpyrimidine, and its dipicrate, 786. 
CiaHaaNsCl 4-Chloro-2-amino-6-y-diethylaminopropylamino-.5-mothylpyrimidine, 47. 

CiaHaaNsBr 6-Bromo-2-amino-4-y-diethylaminopropylamino-6-methylpyrimidino, 46. 

CiaHa40aS Methylcyciohexyl woamyl sulphone, 40. 

CiaHa408Na Carbethoxyacet-(A'-y-diethylaminopropyl)amide, 730. 

CiaHa4NaCla A'.^'-I)iethyl-iVi\r'-di-(2-ohloroethyl)piperazine, salts, 517. 

CiaHasOaNa Carbethoxyacet-(A’-y-diethylaniinopropyl)amidino, and its piorolonate, 730. 

CiaHasOsN Nonoxyurethane, 967. 

CiaHaeOANa A‘iV^iV''iV’'-Tetra-(2-hydroxyethyl)piperazinc, salts, 529. 

Dodecoxyamine, hydrobromidc, 967. 

CiaH^OaNa 2 -Nitro-l:3-bis(diethylamino)-2-methylpropane, 151 2. 

C12H37O8P Diethyl n-octylphosphonate, 1467. 

CiaHaTClSn Tri-n-butylohlorotin, 1450. 

CiaHagOaNa l:10-Deoamethylonedioxydiguanidine, dinitrate, 968. 

12 IV 

CiaHaONaSa p-Tolyl 2-acetamido-5-thiazyl sulphide, 1 13. 

C4aH404NaCla 2:2';6:6 '-Tetrachloro-4:4'-dinitrodiphenYl, 735. 

CiaHc04NaCla 3:3'-Dichloro-4:4'-dinitrodiphenyl, 129. 

CiaHgOaNaS 4-p -Cyanophenylsulphonylpy ridine, 54 . 

CiaHaC^da 1 ;4-Dichloro-2-acetamidonaphthaleno, 543. 

1 :5-Dichloro-2-acetamidonaphthalene, 543. 

CiaHgClBrAs Phenyl-p-bromophenylchloroarsine, 511. 

C„HioONCl 5-Chloro-2-acetnaphthalide, 548. 

8- Chloro-2-acetDaphthalide, 549. 

9- Chloro-12-hydroxy-2:3-dihydro-j3-quinindene, 1037. 

9-Chloro-12-keto-2:3:5-12-tetrahydro-j8-quinindone, 636. 

CiaHioOC84Sia Diphenyltetrachlorodisiloxane, 1592. 

CiaHioOaNsCl 4-Chloro-2-acetamido-6-phenoxypyrimidine, 46. 

CiaHioOadHs Phenyl-p-chlorophenylarsinic acid, 509. 

CiaHioOsNBr S-Bromo-OiV-diacetyUndoxyl, 609. 

CiaHioOaNaS 2-Benzainidomethylthiazole-4-carboxylic acid, 1374. 

Ci2Hio04NaS 4:6-Dihydroxy-3-2)-mtrophenylthio-2-methylpyridine, 54. 

CuHioOsNaS 4:6-Dihydroxy-3-jp-nitrophenylsulphonyl-2-methyli>yridine, 54. 

CiaHuOl^ l-Chloro.6 -amino-2-acetamidonaphthalene, 544. 

CiaHiiOaNS 4-p-Tolyl8ulphonylpyridine, 54. 

OxaHxxOaNAd 4-Chloro-6-jp-nitroanilino-2:6-dimethylpyrimidme, 1 359 . 

CxaHiiOaNS Ethyl 2-hydroxy -4-phenylthiazole-5-carboxylate, 1658. 

C«HxiOaN,S 4-1 fitro-6-acetamido-2-benzylthiazole, 1 597 . 

CiaHxiOJIaS, 2. Acetaniido-4-(p-nitrophenyl8ulphonylniethyl)thiazole, 117. 

p-Nitrophenyl 2-aoetamido-4-methyl-5-thiazyl sulphone, 117. 

5-Acetamido-2-benzylthiazole, and its salts, 1596. 

4-Methyl-2-benzamidomethylthiazole, 1373. 

Ci»HiaONa^ 5-Acetamido-2-methylthio-4'phenylthiazole, 1604. 

CiiHitOHaCl 4-Ohloro-2-methylamino-6-benzyloxypyriinidine, 732, 

CiaHjuONid 2-p-Chloroanilino-6-acetainido-4-inethyl-l :3:5-triazme, 158. 

6-Ohloro-4-guanidjno-2-benzyloxypyriinidine, and its picrate, 733. 
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I>i-(2-p]nT0yImethyl) Bnlpbide, 1650. 

CtA^S. 1 »-To& 12 'acetamido-fi-^tniazyi fiulphone, 114. 

CiflHiaNwCiAs |>*OhlorophenylbiB-2'Cyanoethylar8ine, 621. 

CiJHifOllJSI 4 -Ainmo-5-(JV'-phenyltmooarbamido)-6-hydroxy-2-methylpyrimidine, 946. 

CisH^sONeCS 4-Ainino-6-(JV^>p-chlorophenylguanidino)<6>hydroxy-2-methylpyrimidine, and its salts, 947. 
CifHisOtlliBc 3-Kitro-l-p-bro]nophenyl-2:2-dimethylpropyl cyanide, 1605. 

CitHt^O^aS 4:4''>Biaoetamidobenzenesnlpbonanilide, 66. 

CiJBisOtNsSa 2-Salphanilamido-4-methylthiazole-6-acetic acid, and its hydrochlorides, 691. 

Bis-(2*acetainido-4-thiazolyli>^^thyl) disulphide, 325. 

CiaHiaOiClAB p-Chlorophenylbi8'2-carboxyethylar8ine, 623. 

CiaHi 40 tN 4 S )3-Aoetyl-n'butaldehyde dinitrophenylhydrazone, 1610. 

CiaHiiOtNaSa 4-Metnyl-2-(l'-sulphanilaniidoethyl)thiazo]e, 1376. 

4-Met^l-2<( 2^8alphanilamidoethyl)thiazole, 1376. 

OiaHaiOsCuS p-Ohlorophenylcyclohexyl sulphone, 1651. 

CiaHxaOaNaS l-(4'*Methyl8ulphonylphenyl}>2:7<diazacycloheptene, and its salts, 500. ' 

CxaHx«OeN4^B 9-d-Mannopyrano8ido-2-met]iylthiohypoxanthine, 357. 

CiaHiyOaNS a-Amino>y-benzylthio-n>valeric acid, 1612. 

CiaHiTOaNS 2-Nitro-4-p-tolylsttlphonyl-2-methylbutane, 1616. 

CiaHi709N«S 9<d<Mannopyrano8ido-2>methylthioadenine, 357. 

CiaHxaONAs Phenyldimethyl-S-cyanopropylarsonium hydroxide, salts, 623. 

5ia5i«9*5*® JViVr-Diethyl-p-methylsulphonylbenzamidine, salts, 1116. 

^-p-Aoetamidobenzene8ulphonyl-o-2-methoxyethylguanidine, 821 . 

CiaHiaNaClAs P'Chlorophenylbi8'2-amidinoethylar8ine, and its salts, 622. 

2 -Chloro-6-hydroxy-3:6-disec.-butylpyrazine, 1183. 

CiaHiaOdaS Dihydromyrcene trichlorothioacetate, 141. 

CxA»O.N, iCl Trimethyl-2-hydroxyethylanimonmm chloride .Y-phenylurethane, 180. 

6-Amino<5>thioformaniido*4<d*mannoBidamino-2-mothylthiopyrimidine, 356. 

C»iaHiaO«N bS 6- Amino>5>formamido-4-d-manno8idamino-2-methylthiopyrimidine, 367. 

CliaHaoOClaS Bihydromyroene dichlorothiolacetate, 141. 

CiaHaoNIS Benzyldimethyb(2<methylthioethyl)ammonium iodide, 771. 

OiAxOClS Dihydromyrcene chlorothiolacetate, 140. 

CiaHaaNaCflaSa iVJV'-Dimethyldi-2-chloroethylpiperazinium dithiocyanate, 322. 

CiaHaaOaNaCl Trimethyl-S-hydroxyootylammonium chloride urethane, 181. 


12 V 

p-Chlorophenyl 2-acetamido-4-methyl-5«thiazyl sulphide, 116. 
CxAiOaNaClS Chloro-p-aminophenyl8ulphonyl-2-mothylpyridine, 64. 
CiaHiiOsKaClSa p-Chlorophenyl 2-acetamido-4-methyl-6-thiazyl sulphone, 117. 


C^3 Group. 

C13H11O3 1:6-I)iaminoaoridine, 596. 

5i«5ii 94 Benzyl coumalate, 1179. 

4-Methyloarbazole, and its picrate, 1660. 

CisHiiNa ItS-Biaminoacridine, 597. 
l:9-I)iaminoacridine, 697, 1419. 

i-p -Aminostyrylpyridine, 660. 

2-a-Naphthyldihydroglyoxaline, and its picrate, 500. 
i^'Naphthyldihydroglyoxaline, and its salts, 600. 

Cx^isKs iV'-2-Pyridyl-i'^''-mothylbenzamidine, and its picrate, 388. 

CisHiaO Phenyl 1-hexynyl ketone, 1630. 

O13H14O4 /3>(2-Methoxy-3;6-dimethylbenzoyl)acrylic acid, 638. 

CisHx4Na 5-Aminototrahydroacridine, and its hydrochloride, 636. 

OisHisNs 5:7-Diamina-l:2:3:4-tetrahydroacridine, 636. 

6:9-Diamino- 1 : 2:3:4-tetrahydroacridine, 637. 

S'*5'*9* ^ •Kcto-5-methoxy>6:8-dixnethyM:2:3:4-tetrahydronaphthalene, 537. 

Ci»Hx «04 l-Keto-5-methoxy-6:8-dimethyl-l:2;3:4*tetrahydronaphthalene-2-a-propionic acid, 636. 

CxsHi^P p-Tolyldiallylphosphine, 1448. 

•Mothoxy-6;8-dimethyl« l:2:3:4-tetrahydronaphthalene, 537. 

CtgHxgOs y-(2-Methoxy-3:6-dimethylphenyl) butyric acid, 537. 

Cx,Hxb 04 3-Amyloxyphenoxyacetic acid, 104. 

CiaHxgO* l:2:3:5-Tetra-acetyl d-ribofuranose, 1054. 

CxsHxaNa iV-MethybA'^iV''>pentamethylenebenzamidine, salts, 386. 

CxsHxsS Methylcyclohexyl phenyl sulphides, 40. 

CiaHaoO* Ethyl 2*ketoeyclohexylma]onate, 1163. 

0xA«Na JV'>Methyb.5r'>n-amylbenzamidine, and its picrate, 385, 389. 

JV^A'-Triethylbenzamidine, salts, 386. 

CiAiN 2>Amino-3>phenylheptane, and its hydrochloride, 1499. 

Ben^l>n*hexylamine, hydrobromide, 200. 

3/^-2-l>iethylaminoethylbenzamidine, and its salts, 505. 

CisHaftN Ethylisopropyl-n-hexylacetonitrile, 741. 

CxAsNa 4-Ainino>2-y-diethylaminopropylamino-5:6-dimethylpyrizQidine, and its bis-3:5-dinitrobenzoate, 
48. 

5>Amino<4-y-diethylammopropylamino-2:6-dimethylpyrimidine, 50. 

0i!|fi|7Ks 2:2^Dipiperidino»sopropylamine, and its tiihydroohloride, 1513. 

CxaHagNt o-Ethyl-a-»>opropyl>a>n-hexylacetamidine, 741. 

0,A,H, 2 •Axumo<'l:3<bis(diethylamino}-2>ethylpropane, and its tripiorate, 1613. 
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Ci8H70aN Hydroxy- l-asanthraquinones, 544. 

CiaHrOsNs 1:6-Dinitroaoridone, 596. 

l:9-l>mitroacridone, 597, 1418. 

CisHTNCSt 2:4-Dichloro-7;8-benzoqumoline, 906. 

CisHgOClf 3:3''-I>iohlorobenzophenone, 963. 

CxaHsNCl 6' •Chloro-5:6-benzoqmnoline, 644. 

CiAOaN 2-Oyano-6-acetoxynaphthalene, 162. 

C.AO.N. l-Nitro-8-aminoacridone, 596. 

0iaB»O«Ns 2:2'-Dinitrodiphenylamine-6-carboxyliG acid, 1418. 
6:2'-Dmitrodiphenylamin©-2-oarboxylio acid, 697. 
6:3'*I>initrodiph6]iylaiiiine-2-carboxylio acid, 696. 

0> AQA 2:4:6-Trinitro-6-aoetoxy-l -methoxynaphthalene, 363. 

CiAHJ Fluoro-5-aminoacridine8, and their hydrochlorides, 761. 

CiAN.a 3:7-Bichloro-2:8-diaminoacridine, 249. 

l>Methyl-p-phenanthrol-2-one, 1660. 

CisHioOBra 2;2'-Dibromo-4-mothyldiphenyl ether, 7. 

CisHioOgNi 4-Cyanodiphenylamine-2-carboxylic acid, 640. 

CxsHio07Nt 2:4-Dinitro-l-acetoxy-6-methoxynaphthalene, 352. 

6:8-Dinitro-l-acetoxy-5-methoxynaphthalene, 352. 

CjsHioOgN* 2:4;6:7-Tetranitro-l:8-naphthylenediainine, 81. 

CxsHioNCl l-Chloro-4-methylcarbazole, and its picrate, 1560. 

C,AA01. jV’-Phenyl-2:4-dichlorobenzamidine, and its salts, 1115. 

CxsHxxONs 1 :6-Diaminoacridone, 696, 
l:8-Diaminoacridone, 596. 
l:9-Diaminoacridone, 697, 1419. 

C,AiO,K p- Amino-<o-furfurylideneacetophenone, 1 420. 

CxaHxiOgNg JV-o-Nitrophenylbenzamidine, picrate, 1115. 

CxsHixOaM j3-6-Methoxyquinolyl(4)aorylic acid, 1686. 

Cx^xxO^ 8 -Nitro-l-acetoxy-6-methoxynaphthalene, 352. 

CiaHxiOgNg Acetyl-2:4-dinitro-5-methoxy-l-naphthylaniine, 355. 

CiaHiiNgl p-Phenanthroline methiodide, 1660. 

C.A.ON. jS-6 -Met hoxy quinoly 1( 4)propionitrile, 1686. 

CxaHiaOgNa 4-Acetamido-2-(p-nitrophenyl)-6-methyl-3-pyridazone, 553. 

C„H laOaNg 2:4-Dinitrophenylhydrazone of ketone from ozonolysis of lactone CaH,oOa, 807. 
CxaHxaN sCl 4 -Chloro-2-amino-6-p-cyanoanilino-5-ethylpyrimidine, 1 362. 

CxaHiaClAs Phenyl-p-tolylchloroarsine, 609. 

CiaHiaOaN 12-Hydroxy-9-methoxy-2:3-dihydro-^-qiiinindene, 1037. 

12-Keto-9-methoxy-2:3:6:12-tetrahydro-j8-quinindene, 636. 

C.A.OA 4-Acetamido-2-phenyl-6-methyl-3-pyridazone, 652. 

CxaHuOaN 8-Ainino-l-acetoxy-6-methoxynaphthalen©, 354. 

/3-6-Methoxyqtiinolyl(4)propionio acid, 1686. 

CiaHiaOgNa Sulphanil-O-acetylvanillylamide, sulphate, 616. 

CjsHxaNaCl 5-Chloro-7-amino-l:2:3:4-tetrahydroacridine, 636. 
5-Chloro-8-amino-l:2:3:4-tetrahydroacridine, 636. 

5- Chloro-9-amino-l:2;3;4-tetraliydroacridino, 637. 

2- a-Naphthyldihydroglyoxalinium chloride, 502. 

CiaHxaNaCla 4-Chloro-6-p-chloroanilino-2-methyI-5-ethylpyrimidine, 1360. 

CiaHiaONg 12-Amino-9-methoxy-2;3-dihydro-/3-quinindene, and its hydrochloride, 636. 

6- Ammo-l:2:3;4-totrahydroacridone, 637. 

CiaHxaOaNa /S-6-Methoxyquinolyl(4)propionamide, 1 686. 

C13H14O4N4 6-Methyl-2-cycZohexenone 2;4-dinitrophenylhydrazone, 1270. 

CxaHx40sN4 2-Methoxy-A*-cydoh©xenone 2:4-dinitroi)henylhydrazoiie, 105. 

CxaHigNCl 8-Chloro-5-methyl-l;2;3:4-tetrahydrocarbazole, 1560. 

CxaHxaNaSa 6-Benzylideneamino-2-mercapto-4-l3-methylthioethylthiazole, 1612. 

CxsHxftONa l3-6-Methoxyquinolyl(4)propionaraidine, salts, 1687. 

CisHisOaN 2-Benzfuryl j3-dimethylaminoethyl ketone, hydrochloride, 1193. 
4-Hydroxy-6-methoxy-3-ethylquinaldine, 1 038. 

CiaHjaOaNa ^-6 -Methoxyquinolyl(4)propionhydra7,ido, 1086. 

C,A<OA 2 -Bromo-l-keto-6-methoxy-6:8-dimethyl-l:2:3:4-tetrahydronai>hthaleno, 537. 

Cx3Hxs04Ni 3-Keto-2-methyl-7i-aniyl cyanide 2;4-dinitrophcnylhydrazone, 1507. 

Cx8Hi60*Ns Mesityl oxide 2;4-dinitrophenylseraicarbazone, 1390. 

3- MetWlpent-3-©n-2-on© 2:4-dinitrophenylsemicarbazone, 1390. 

CibHisOtN# Ethyl acetamidoformylacetatc 2:4-dinitrophenylhydrazone, 101. 

C^isHieONg 6-Benzimido-2:2-dimethylpyrrolidine, 1510. 

CisHisONg j8-6-Methoxyquinolyl(4)ethyigijjjanidine, nitrate, 1687. 

^isHxsOslIg Ethyl /3-anilino-a-acetamidoacrylate, 101. 

3-Nitro-4-methoxy-4-phenyl-3-mothyl-w- butyl cyanide, 1607. 

CxsHxeOsNg 2:4-I)initrophenylcarbamyl-2:2-dimethylpyrrolidine, 1510. 

CxaHxeNiB 3-Ethyl-2-aniloethylidenethiazolidine, 959. 

p-Metnoxyphenyldiallylphosphine, 1448. 

Cx 3 Hx 703N Ethyl )3-4-methoxybenzoylpropimino-ether, hydrochloride, 1195. 

CxsHxsON, 6.Ethoxy.3 -diznetnylaminomethylindole, and its hydrochloride, 196. 

OigHxgOiNg 2:4-Dmitrophenylhydrazone of aldehyde C,Hx40, 752. 

CisHxaOrS 2-p-To8yl o-methyl-f-arabop3rranoside, 972. 

^-Tosyl ^-methyl-l-arabopyranoside, 971. 

a-Amino-y-benzylthio-y-methyl-n-valeronitrile, hydrochloride, 1611. 

Ot^xvOH l-l>imethylamino-7-niethoxytetralin, methiodide, 193. 

OxiHxsOH, 6-Benzamido-n-hexoamidme, hydrochloride, 1377. 
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CiA«0^ Valeroidine* 1330. 

2-Acetamido-4-diethylAminotoluene, 187. 

2- Aoetamido*4-diiiiothylainmo-l*i«opTopylbenzene, 187. 

CiJSUOJI* 4:-l>iethylaimno-o-creeiol ^-methylnrethane, and its methiodide, 180. 

3- l>i]newylamino-4-t«opropylphenol ^-methylnretliane, and its methiodide, 189. 
5-l)imethylamino-2*isopropylphenol ^•methylnrethane, and its methiodide, 189. 
l>imethyl-a-(hydroxyphenyl)-n-propylamine J^-methylurethanes, salts, 196. 
X>imethyl«^>(3*hydroxyphenyl)-n-propylamine iV^-methylurethane, salts, 195. 
I>imethyl>y<{4-hydroxyphenyl)>n-propylamme ^-methylurethane, salts, 196. 
l)imethyl-a-(4-hydroxy<m>toiyl)ethylamine ^-methylurethane, salts, 196. 

OisHsoOiHa 2:5>l)imethyl {-arabonic acid phenylhydrazide, 1064. 

Ci»H,iON Dimethyl-y.( 4 -methoxyphenyl)-a-inethyl-w-propylamine, salts, 193. 

OiAiOJ l-Diethylamino-6-acetoxyhept-4-en-2-yne. 1679. 

•Ainino-^-methyl<JV*2'-diethylaminoethylphenol, salts, 188. 

0iaHtsO«N l>Diethylamino-4-aoetoxyhept>2-yne, and its oxalate, 1579. 

CiAAS 4.y- Diethylaminopropylainino-2-methylthio-6-methylpyrimidine, and its dipiorate, 787. 

Methyltri-)9*methyfallylpho8phonmm iodide, 1449. 

C 18 H 14 IAS Methyltri-/3>methylajlylarsonium iodide, 1450. 

Cisl^JS Dicyc^hexyi sulj^hide methiodide, 1637. 

CiaHa^ONs Dodecoxy^anidine, nitrate, 967. 

A^-Methyl-jV'jV'-diethyl-iV- 6 -methylamino-n-hexyliarea, 315. 

0,A.O.N, 2 -Nitro-1 :3-bi8(diethylamino)-2-ethylpropane, 1613. 


18 IV 

C^^B 04 NaCl Chloronitro-l-azanthraquinones, 544. 

6*Bromonitro-l-azanthraqulnone8, 644. 

C 1 AOJI& Chloro-l-azanthraquinones, 642, 543. 

CiaHcOftNS l-Azanthraquinonesulphonic acids, salts, 642. 

CiANClF Ghlorofluoroacridines, 761. 

C.AO,N.S N -p-Nitrophenylbenzisothiazolone, 1 234. 

CiaHgOAS iV’P’Nitrophenylsaccharin, 1234. 

C|3H,ON(n, 2 . Chloro-2'-forniylethylidene-l -chloro-2-naphthylamine, 643. 

CiAONS 2>Amino>2^- car boxy diphenyl sulphide lactam, 1234. 

3- Hydroxy“2-2^-pyridylthionaphthen, 1 677. 

CiaHoOalfS 4>Amino>l-nydroxythioxanthone, 1234. 

4'-Hydroxy-2-methylnaphtha-l':2":4:5-thiazolo-3'-aldehyde anil, 978. 

C.*O.HS 2-Amino-2'-carboxydiphonyl sulphone lactam, 1234. 

CisHaOaNSa iST-Benzencsulphonylbenztsothiazolone, reactions of, with aromatic amines, 1229. 
CiaHioOgNF Fluorodiphenylamine-2 -carboxylic acids, 761. 

CiaHioOsBBr Bromonitro-4-metbyldiphenyl ethers, 6. 

CisHxiOaNaCi 6-Chloro-9-nitro-l:2:3:4-tetrahydroacridine, 637. 

Pyruvic acid 1 -ohloro-2-naphthylhydrazono, 643. 

CiaHiiOfiNS* 4-Amino-2'-carboxydiphenyl sulphide-3-8iilphonic acid, 1233- 
CxAsONGl 12-Chloro-9-methoxy-2;3-dihydro-j8-qmnindene, 636. 

CisHxaONCls aaa-Trichloro-)3-hydroxy-y-6-methoxyquinolyl(4)propane, 1686. 

CxaHxaONBr Bromoamino-4-methyldiphenyl ethers, 7. 

Cx^iaOaNaSa 6- A^iV-Diacetylamino-2-mercapto-4-phenylthiazole, 1 604. 

CxsHxBOsNfS 2-Benzamidomethyl-4-thiazolylacetic acid, 1374. 

4- MetWl-2-benzamidomethylthiazole-5- carboxylic acid, 1373. 

C'laHxaOtNaS 4-p-Acctamidophenyl8ulphonylpyridine iST-oxido, 54. 

CxAaOaNaS JV-2-Pyridyl-p-methyl8ulphonylbenzamidine, and its picrate, 1116. 

CxaHxaOsNaS N -(p- Acotamidobenzene8ulphonimido)pyridine, 65. 

CxsHxiONaS 4-Methyl-2-(l'-benzamidoethyl)thiazole, 1376. 

4-Methyl-2-(2'-benzamidoethyl)thiazole, 1 376. 

CxaHxBONaSa p-Tolyl 2-acetamido-4-methyl-5-thiazyl sulphide, 116. 

CxaHiBONaCl 4-p-ChloroaniUno-6-hydroxy-2-methyl-6-ethylpyrimidine, 1360. 
4-('hloro-6-p-ani8idino-2;5-dimethylpyrimidine, 1359. 
4-Chloro-2-dimethylamino-6-benzyloxypyrimidine, 732. 

CisHiBOaNaS 6-Amino-4-carbeth6xy-2-benzylthiazole, and its hydrochloride, 1596. 
Cx»Hx 40 aNaSa p-Tolyl 2-acetamido-4-mothyl-5-thiazyl sulphone, 117. 

CxbHuO^NbS 3-JV - Acetylsulphanilarnido-G-methylpyridazine, 243. 

CxsHxbONbAs p-Carbamidophenylbis-2-cyanoethylarsine, 621. 

CxsHisOsNsSa 4-Methyl-2-acetyl8ulphanilamidomethylthiazole, 1373. 

CxaHisOTKeS 2:4-Dimethyl-6-2'’-aminomethylthiazole, dipicrate, 1402. 

CisHiaOaKBS 4:6-Dimethyl-2-8ulphanilamidomethylpyrimidinef 1376. 

-Aootylthio-j3-methyl-»-butaldehyde dlnitrophenylhydrazone, 1611. 
CiaH-x^OaNaSa 4-Methyl-2-(3^-8ulphanilamidopropyl)thiazole, 1377. 

CxaHxgOKiS 6-Benzamidothiohexoamide, 1377. 

CiaHiaOaNaS A^iV^-Pentamethylene-p-methylsulphonylbenzamidine, and its salts, 1116. 
CxsHiaOaNS a-Amino-y-benzylthio-y-raothyl-n-valeric acid, 1612. 

CxaHaoOJSfiS Acetamidobenzenesnlphonyl-aa-diethylguanidine, 821 . 

CxsHaoOAS 2-Methyl n-arabinose p-toluenesulphonylhydrazone, 1343. 

CiaHaxO^As p-Carbamidophenylbis-2-amidinoethylarsine, dipicrate, 622. 

CisHaiO^al Trimethyl-2-hydroxyethylammonium iodide .^-benzylurethane, 180. 

CisHaaOiU 5-Dimethylamino-4-MoproVyl-o-cre8ol methiodide, 186. 

OxsHaaOaH^ i9*Sulphanilyl-a'2-diethyiaminoethylgaa0idine, 821. 

0xA»OACl Trimethyl -9-hydroxynonylammoniam chloride urethane, 181. 
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CiAONCSS 5-C]iloro-2-axiiino-2^-carboxydipiienyl sulphide lactam, 1234. 
OiAoOiNClS 6-Chloro-2-ammo-2'-carboxydiphenyl sulphide, 1234. 
Cu0isO4lIBrS woButyl 3-nitro-3-p-bromophenylpropyl sulphone, 1617. 


Group. 

OuHA 2-p-Amidino8tyrylpyridine, dihydrochloride, 89. 

5-Ammo-2-oyanoacridine, 638. 

5^mmo-3-oyanoaoridine, 640 

Oi«HioOs Benzoic anhydride, reaction of, with aromatic compounds catalysed by boron trifluoride, 1237. 
Cl AA 2-p-Cyanostyrylpyridme, 88. 

Naphthalene- l:6-diaoetonitrile, 1434. 

CiAA 6 -Amino-2-amidinoacridine, 639. 

6-Ammo-3-amidmoacridine, 640. 

Cl A^ 3-Methyl-2>stilbazole, 1698. 

CiaHiA 2;7-I)iamino-9-methylphenanthridine, 72. 


'jstp-Bisaminomethyldiphenyl, and its dihydrochloridc, 1463. 

CiiHitNs 12-Amino-9-dimethylamino-2:3-dihydro-^-quinindone, and its trihydrochloride, 636. 
Ci4HigN4 7-Amino-2-piperidino-4-methyl-l:8-naphthyridine, 1409. 

CiiHifiP p-Bthylphenyldiallylphosphine, 1448. 

Phenyldi-^-metnylaUylphosphine, 1 449. 
p-XylyldiaUylphosphine, 1448. 

C14H19A8 Phenyldi-p-methylarsine, 1460. 

C14H2A iV-cycloHexylphenylacetamidine, and its salts, 1116. 

CiiHaiN. 2 -Amino-4-j8-diethylammoethyIaminoquinazoline, 898. 

Ci^2a04 2:6-Dimethallyl l:4-3;6-dianhydromannitol, 1407. 

Dimethallyl dianhydrosorbitol, 1407. 

C14H22N2 2-Amino-4-ditnethylamino-l-ci/ciohexylbenzene, 187. 

C14A2S Phenyl octyl sulphide, 63. 

C14H28N4 9-)3-Diethylaminoethyl-2:6:8-trimethylpurine, and its flavianate, 61. 

C14H2A 6-Amino-3-j3-diothylaminoethylamino-o-xyleno, and its tribydrochloride, 912. 

C14H24N4 l:4-Bi8-(2':7'-diazacy<jZoheptenyl)butane, and its toluene-p-sulphonate, 600. 
l:8-Bis-(2'-dihydroglyoxalinyl)octane, and its toluene-yy-sulphonate, 600. 

Di-«-hexylacetonitrile, 741. 

Ethyl-n-butyl-n-hexylacetonitrile, 741. 

C14H27N5 2-Amino-4-S-diethylamino-a-methylbutylamino-6'raethylpyrimidinc, and its piorato, 790. 
C14H28N2 jV-cycZoHexyl-l-amidino-n-heptane, salts, 1116. 

Ci4H28Sn Di-w-butyldiallyltin, 1460. 

C14H29N cyc/oHexyl-»-octylamine, hydrochloride, 201. 

C14H8A aa-Di-n-hexylacetamidine, and its picrate, 741. 
a-Ethyl-a-n-butyl-o-«-hexylacetamidine, 741. 

14 m 

C,4H7NoC 1 6-Chloro-2-cyanoacridine, 638. 

5- ChIoro-3-cyanoacridine, 640. 

C14H8O2I2 3:6-Di-iodo-2-hydroxydiphenylacctic acid, 203. 

C44HgOA 2';4'-Dinitro-3-phenylphthalaz-4-one, 835. 

Ci^AgO 4114 l;4-I)iketo-3-(2';4'-dinitrophenyl)tetrahydrophtbalazinc, 837 . 

Phthalyl-2':4'-dinitrophenylhydrazide, 837. 

C14H2O8N Methoxy-l-azanthraquinones, 644. 

C14H9O4N3 6:7-Dihydroxy-2-methoxytetrahydroi«oquinoline, salts, 196. 

Ci4HgNl2 l:3-Di-iodo-2-phenylpyrrocoline, hydriodide, 672. 

CigHgNS Thionaphthindole, and its salts, 666. 

C„H.N,01, 4-Chloro-2-p-chloroanilinoquinazoline, 780. 

3'-Cyanodiphenylamine-2-carboxylic acid, 638. 

6- Cyanodiphenylamine-2-carboxylic acid, 638. 

CxgHioOgL 3:6-I)i-iodo-4-hydroxydiphenylacetic acid, 203. 

CigHioOA o-Carboxybenzaldehyde 2':4'-dinitrophenylhydrazone, 835. 

1 :4-Di^droxy-3-(2':4'-dinitrophenyl)-3.*4-dihydrophthalazine, 836 . 

S^AopA o-Carboxybenzo-2':4'-dinitrophenylhydrazide, 837 . 

CigHioNBr 3 - Bromo-9- methylphenanthridin e, 85. 

CigHxjON jS-l- and -2-Naphthoylpropionitrile8, 1194. 
gd 4>Chlorobenzilic acid, 953. 

C|4HiiN4d 4-Chloro-2-(quinolylamino)-6-methylpyrimidino8, 1616, 1617. 

C14H12ON4 6-Amino-2-amidoximinoacridine, 639. 

2>(Quinolylamino)-4-hydroxy-6*methylpyrimidines, 1616, 1617. 

C14H12OI2 o-Phenyl-/?-(3:6-di-iodo-4-hydroxyphenyl)ethane, 204. 

C1A.OA 2:7-Diketo-l:8-dimethyM:2:7;8-tetrahydro-p-phenanthroline, 1661. 

Nitro-B-methylstilbazoles, 1698. 

C14H12OA Clavatol 2:4-dinitrophenylhydrazone, 612. 

Ci 4 Hi^ 2 ClA* 2-«-Chlorophenylwoar8indolino, and its salts, 666. 

6<-Chloro-2-phenylisoarBindoline, and its salts, 668. 

Ci4HigHS 3-Ethyi-2 -methylene-6:7-benzbenzthiazoIme, 956. 

C.4H1JJ 2 •Keto-1 -methyl- l:2-dihydro-p-phenanthToiine methiodide, 1661. 

CuHxgHgSg Azamothm[2-(4-methylthiazole3[2-(3-phenyl-4-methyl-2:3-dihydrothiazole)], 1668. 
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.^-Phenyl- JV'-methylbenzamidine, salts, 389. 
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12-Aeet»mido-2:3-dihydro-/}-qiiinindene, 636. 

”jy*Plienyl>p*methoxybenzainidine, and its hydrochloride, 396. 
Nitro-B-methyl-2-stilbazolealkines, 1698. 

C{i«Hi40iV 4 ^•p-Methozyphenyl-iV^m>nitrophenylguanidine, 916. 

0i4Hi4O4|fs Nitro*l:6>diacetyl-2:3>diinethyiindole, 1634. 

-Nitro>4>ao6tamido-1 :5>dimethoxynaphthalene, 354. 

Ot4Hi«Om 4:6-Dimethyi-2<benza]uidomethylpyrimidme, 1374. 

4- (3';6'-Diaoetylpenfca-2':4'-dienyiidene)-l :4-dihydropyridine, 1629. 
12>Hydroxy‘9-ethoxy-2:3-dihydro-)3'qainmdene, 1037. 

6-Methozy*2-naphthimino-ether, hydrochloride, 162. 

6>, 8>, and 9-Methoxy*l:2:3:4>tetrahydroacridone8, 1037. 

Ci 4 Hi» 0 sH 4>Acetaniido-l:5-dimethoxynaphthal6ne, 354. 

Methyl /9>6>methoxyqumolyl(4)propionate, 1686. 
l*Phthalimido-3'methylpentan*2-one, 376. 

CuHiftOyNs Ethyl l-amii)o*2-benzamidoethyUdenecyanoacetate, 1375. 

O14H, tOsNs Hepta-3:5-dion‘2-one 2:4<dinitrophenylBemicarbazone, 1390. 

1- Met^lcyeZohexen>8*one 2:4-dinitrophenyl8emicarbazone, 1390. 

CiiHisHtCl 4'>Chloro-3-ainino-4:5-dimethyldiphenylamine, and its salts, 913. 

12>Chloro-9-dimethylammo>2:3-dihydro-/3-quinmdene, 636. 
2*(l'-Naphthylmethyl)dihydroglyoxaliniu]n chloride, 602. 

6>jiV-Methylanil&o-8-methylthio«2*methylpurine, hydrochloride, 947. 

CitHisClfii Ben^ldichlorosilane, 1693. 

OuHj^ONt pp'-Bisaminomethyl^phenyl ether, 1464. 

9-I>imethylamino-12-keto-2:3:5:12-tetrahydro-^*quinindene, 636. 

JV* -p-Methoxyphenyl-JV'-w-aminophenylgnanidine, hydrochloride, 916. 

Ci4Hi60*lla 1-1 )imethylamino-2-naphthol JV-methylurethane, 190. 

2i45i« 9*£[* ^ -Nitro-2-hydroxy- 1 :6-diacetyl-2:3-dimethylindoline, 1 634. 

0i4Hi«0«lla 1-cw- and 4mn«-3-Methylcyciohexyl 3:5-dinitrobenzoate8, 206, 207. 

5i4Hi40eN 4 2 - Ketocycioh^xy lacetio acid 2:4-dinitrophenylhydrazone, 1164. 

Ci4Hx4NaS 4-Methyb3-ethyl<2-aniloethylidene-A*-thiazoline, 959. 

O14H17O4N 8-I>imethylamino-4-methylcoumarin, and its methiodide, 186. 

-AniBidino-6-hydroxv-2-methyl-6-ethylpyrimidine, 1361 . 

Cx«Hx,0.a 3. Chloro<4:6-benzyliden'e a-methylglucoside, 16. 

Ci4Hi70sBr 3-Bromo 4:6-benzylidene a-methylglucoside, 17. 

O14H18O4N4 l:4-Dihydroxy-3-(2':4'-diaminophenyl)-3:4-dihydrophthalazine dihydrate, 834. 

DimethylcycZohexanone 2:4-dinitrophenylhydrazone8, 1647. 

5i4Mi 8®«^4 Methyl 2-nitro-l:2-dimethylpropyl ketoxime p-nitrophenylurethano, 1491. 

C14H18O4S 4:6-Benzylidene a-methylglucoside sulphate, barium salt, 1677. 

5- Amino-2-inercapto-4-^-Denzylthiot.obntyithiazole, 1612. 
sC3 2-p*Chloroanilino-6-diethylammo-4-methyl-l:3:5-triazine, 168. 

0i4Hi4BrP p-Bromophenyldi-)3*methylallylphoBphine, 1449. 

<{4ran«-3-Methyleye{ohexylphenylarethane, 208. 

l-Keto-6-methoxy-6:8-dimothyl-l:2:3:4-tetraliydronaphthaIene semicarbazone, 637. 
C„H.,O.N. 6:6-I)ihydroxy-2-methyltetrahydroi4oquinoline iV^-methylurethane, and its salts, 105. 
Cl*®!*® 4Ail Phenylbis-S-carboxy-n-propylarsine, and its disilver salt, 623. 

C14HX9O4A8 Phenylbis-S-carboxy-n-propylarsino oxide, 623. 

0 i 4 Hi 9O«N8 Heptoxy-3:6-dinitrobonzamide, 967. 

|C1 2- Ammo-4>p-chloroanilino-6'dimethylaminoethylaminopyrimidine, 1 363. 

Ci4H*oO^ ^>cycZoHexylanisamidine, and its salts, 1115. 

Ci 4 H 8 oOaN 4 Bi8acetamido-l:4-diethylbenzene, 1633. 

2- HydroxycycZohexy lacetio acid lactone phenylhydrazide, 1164. 

1- Methylamino-7>hydroxytetralin, salts, 196. 

2- Nitro-4<dimethylammo-l-cyc2ohexylbenzene, and its methiodide, 187. 

C14H80O4N4 n-Propyl n-butyl ketone 2;4-dinitrophenylhydrazone, 762. 

Ci 4H4 oO«N 4 4-Picrylamino-3:3-dimethylhexane, 1497. 

C14H40O7N4 Ethyl 5-keto-2-methyl-4:5-dihydroiminazole-4-carboxylate-l-malonate, 100. 

C 14 H 40 BAS Phenyldimethyl-5-cyano-n-pentylar8onium hydroxide, picrate, 623. 

Ci4HtiON 5-Dimethylamino-2-cycZohexylphenoI, 188. 

Ci4H4xOgN Acetyl*5-dimethylamino-4-i4opropyl-o-cre8ol, 186. 

Cx4H3xOfiM 2:6-Dimethyl galactose s^nilide, 1625. 

Cx4H„01fj O-Heptylbenzamidoxime, 968. 

CiaBUmOiJNji 5-I)imethylamino-4-i«opropyl-o-cresol iV^-methylurethane, and its methiodide, 190. 

6-I>imethylamino>4-t>opropyl-o-cre8ol A’’-methylurethane, and its methiodide, 190, 

Dimethyl-y-(3- and 4-hydroxyphenyl)-o-methyl-n-propylamine A'-methylurethanes, salts, 195. 
Cx4H840tS Phenyl octyl sulphone, 53. 

CxiHjsOaN I)i-( 2-ethoxy ethyl)aniline, 311. 

CX4H4SO4N4 5-Nitro-3-j3-diethylammoethylamino-o-xyiene, and its salts, 912. 

Cx 4 Hs 4N6S 6-y-Diethylaminopropylamino-8-methylthio-2-methylpurine, salts, 947. 

C14HS BN4CI 2-Chloro-4-S-diethylamino-a-methylbutylamino-6-methylpyrimidine, 7 88. 

4-Chloro-6-5-diethy]amino-a-methylbutylamino-2-methylpyrimidine, and its dipicrate, 1357. 
4-Chloro-6-y-diethylaminopropylamino-2-methyl-5-ethylpyrixuidine, and its dipicrate, 1 360. 
c.A.oir. 4-6-Diethylamino-a-methylbutylamino-2-hydrozy-6-methylpyrimidine, and its salts, 787. 

^-Diethylaminopropylainino-6-hydroxy-2-methyl-5-ethylpyrimidine, dipicrate, 1 360. 

CxiMteOfSa Bihydromyrcene biathiolacetate, 139. 

C14H44O4&Q Bihydromyroene bi8(thioglycollic acid), 39. 

GiiHaeOtSt IHhydromyrcene bisglyccmyl sulphone, 39. 

Cx 4H44N^ 4-Methyl-2-(<tf-aminod6oyl)thiazole, 1377. 

CxaHnO^ 2:2^-X>ipiperidinoisopropylurea, 1513. 

Cx«H«^a(nt ArjV'-I)i-(2-chloroethyl)-AA^'-di-n-propylpiperazine, salts, 518. 

CX 4 H. 4 N 484 Bia-[2-(^>diethylditliiocarba>aato)etbyl} nilpbide, 860. 
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OiiHgONadt 6:7-I)iohloro-4-phenoxycinnoline, 232. 

7:8>Dichloro*4>phenoxycixmoline, 232. 

2-Nitrothionaphtliindole, 657. 

CiiHgOACI 4'-Cliloro-2'-iiitro-3-ph©nylphthalaz-l-one, and its picrate, 835. 

12-Chlorothionaphthindole, and its picrate, 657. 

CiaHaOaHS 2-K©to-l-b©nzoyl-l:2-dihydrob©nzMothiazolo /Sf-oxide, 764. 

CuHioONaCa 2-p-Chloroanilino-4-hydroxyquinazoline, and its hydrochloride, 778. 

C 14 H 10 O 4 N 4 S Thioindoxyl 2:4-dinitroph©nylhydrazone, 658. 

O 14 H 11 ONS 2-Amino-2'-carboxy-6-m©thyldiphenyl sulphide lactam, 1233. 

2 -M©thylaminothioxanthon©, 1233. 

2 -Phenyldihydro-l :3-b©nzthiazin©-4-one, 764, 
iV'-p-Tolylbenzwothiazolone, 1 234. 

€i 4 HiiOCl 4 Fe 2-Methyl-)3-naphthopyrylium ferrichloride, 348. 

Cu^nOyNS 2 -Ammo-2'-carboxy-5-methoxydiph©nyl sulphide lactam, 1233. 

4 > Amino- l^methoxythioxant hone, 1234. 

Ci 4 HxiOaNS 2-Amino-2'-carboxy-5-methyldiphenyl8ulphone, 1233. 

C 14 H 11 O 4 IIS 2- Amino-2'- car boxy-S-methoxydiphenylsulplione, 1 233. 

4 N^r 6 -Bromo-o-tolualdehyde dinitrophenylhydrazono, 692. 

Ci 4 HiaNaCDBr 2 - and 3-Chloro-5-amino-10-mcthylacridinium bromides, 762. 

Cx 4 HxaN,BrF 2 -Fluoro-5-amino-lO-methylacridiiiium bromide, 762. 

3 -Fluoro- 6 -amino-lO-methylacridinium iodide, 762. 

€x 4 HisOi^S 2-Amino-2'-carboxv-6-methyl diphenyl sulphide, 1233. 

4-Metnylamino-2'-carboxydipnenyl sulphide, 1232. 

Ci*5»*9* Cl 4'-Chloro-3-nitro-4:6-dimethyldiphenylamine, 913. 

Cx 4 H„o.nS 2 -Amino- 2 '-oarboxy- 6 -methoxydiphenyl sulphide, and its perchlorate, 1233. 

iST-Benzoylbenzenesulphonmethylamide, 387. 

C 14 H 13 OSNS 4-Methylamino-2'-carboxydiphenyl 8ulphide-3-8ulphonio acid, 1233. 

Cx4Hx 40NC1 6-Chloro-7-ac©tylt©trahydrocarbazole, 939. 

C,4H.40NA 4:4'- Dimethylthioazoxy benzene, 852. 

Ci4Hi40aN(3 Phenyl-o-chloro-4-hydroxy-3-methoxybcnzylamine, 617. 

Cx 4 Hi 40 aNaS jV-Phenyl-p-amidinophenyl methyl sulphone, 394. 

Ci 4 Hi 40 aCiSb Di-o-anisylstibinous chloride, 1569. 

Ci 4 Hi 408 NaS 4-p-Acetamidom©thylphenyl8ulphonylpyridine, 54. 

Etnyl 2-benzamidomethylthiazole-4-carboxylate, 1374. 

^liHisOaNaBr 2 -Nitro-l-(p-bromo-a-cyanobenzyl)cyc^ohoxane, 1 505. 

CiaHisOaNjSa 2 Ac©tyl8ulphanilamido-4-methylthiazole-5*acetic acid, 59 1 . 

C, 4 H 4 , 0 ^ [384 Fthyl 2-p-nitrobenz©n©sulphonamido-4-methylthiazolo-5-acetato, and its hydrochloride, 592. 
CiiHieONaCl 4- Chloro-6-p-anisidino-2-methyl-5-ethyIpyriinidine, 1 361 . 

^i 4 HieONsAs p-Acetamidoph©nylbi8-2-cyanoethylar8ine, 621. 

4 -Methyl-7-carbethoxycinnoline ethiodide, 811. 

C 14 H 17 O 3 N 3 S 2 4 -M©thyl-2-{ l'-acetyl 8 ulphanilamidoethyl)thiazole, 1376. 

4-Methyl-2-(2'-acetylsulphaiiilamidoethyl)thiazole, 1376. 

0i4Hi 704K,S, Ethyl 2-sulphanilamido-4-methylthiazole-5-acotat©, and its hydrochloride, 592. 

Ci 4 Hi 80 NaS 6 -Nitrosothionaphthindole, 657. 

C 14 H 18 ON 3 CI 2 -p-Chloroanilino- 4 - 4 Sopropylamino- 6 -ethoxy-l :3:5-triazine, 160. 

Ci 4 Hi 80 Br 4 P ®-Bromophonyldi(^ 7 / -dibromo-j 8 -methylpropyl)pho 8 phine oxide, 1449. 

Cx 4 Hx 90 Br 4 P Ph©nyldi-(/3y-dibromo-j8-m©thylpropyl)phosphine oxide, 1449. 

Ci4Hi90aNS 4 -Carbomethoxy- 2 -phenyl- 6 ; 6 -dimcthylthiazan, 1613. 

Ci 4 Hx 903 NaS 5-(p-Acetamidobenzene8ulphonamido)amyl cyanide, 1370. 

Cx 4 Hx 904 CiaAs Phenylbis-S-carboxy-n-propylarsine dichloride, 623. 

eNaS 3-Ketodibutyl sulphone 2 ; 4 -dinitrophenylhydrazoiie, 1516. 

CiASaoOsNaSa m-Di(nitro-<er^.-butylsulphonyl)benzene, 1479. 

CiaHaiOaNS p-Nitrophenyl octyl sulphide, 53, 

CjaHaiOaNS p-Nitrophenyl octyl sulphone, 53. 

CxaHaaONsAs p-Ac©tamidophenylbis-2-amidinoethylar8ine, and its salts, 622. 

^i 4 HasOaNS p-Aminophonyl octyl sulphone, 53. 

CiaHaaOaNal Trimethyl-2-hydroxyethylammonium iodide A"-diothylurethane, 1 80. 

Ci 4 HasOaN 3 S iVr-2-Diethylaminoethyl-p-amidinophenyl methyl sulphone, and its salts, 505. 

Ci4Ha80aNaCla JViV'-Di-(2-chloro©thyl)-AiV'-di(2-methoxyethyl)piperazine, salts, 629. 

iV'A'-Dim©thyl-lVAr'-di-2-(2-chloro©thoxy)©thylpiperazinc8, salts, 618, 532. 

Ci 4 H 2909 NSa 3-Nitro-l:6-di-(n-butyl8ulphonyl)-3-methylpontane, 1516. 

Gx 4 B[ 3 xOaNaCl Trimethyl- 1 0 -hydroxy deoy lam monium chloride urethane, 181. 

CuHaxOaNS, 3- Amino-1 ;6-di-(n-butyl8ulphonyl)-3-methylpentano, 1516. 


14 V 

CxaBEgOaNaClaS 4:7-Dichlorothioindoxyl 2 : 4 -dinitroph©nylhydrazone, 668 . 
OxaBtaOfl^ClS Chlorothioindoxyl 2 ; 4 -dinitrophenylhydrazone 8 , 668 . 

B©nzen© 8 ulphonyl- 6 -bromo-o-toluoylhydrazide, 691 , 
5i4HtaOJaCIS 2-Ghloro-5-nitrobenzenesulphonvanillylamido, 616. 
CiaHiaONgGlAj p-Ghloroacetamidophenylbis-2-cyanoethylar8ine, 621. 


Ci 5 Group. 

CiiHii 3:4:6:6»l>ib0iizeycJohepta-l:3:6-triene, 748. 
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CiiBitO 3:4:5:6-Dibenzeue{ohepta-l;3:S-trien-7-one, 749. 

CtsHuO. 9 *Hydroxyaiithraoene> 10-aldehyde, 978. 

CiftHioHa 3-Cyano-9>methylphenanthridme, 85. 

OicHi}N« 7>Aminoqiiindoline, 610. 

ll-Aminoquindoline, and its hydrochloride, 610. 

Cl JS]tO 3:4;5:6-Dibenzcyrioh6pta-3:5-dieii-2-one, 749. 

Cl AtOt 7-Hydroxyflavylium hydroxide, salts, 349. 

CitHisOf Anhydrojayanicin, 1027. 

CiftHiaHs 4>Phenyl-3-methylcinnoline, piorate, 1652. 

Ci^HiaBVf 3:4:5:6-DibeDZcyriohepta-l:3:5-triene dibromide, 748. 

CiAA 3-Amidino«9-methylphenanthridme, hydrochloride, 86. 

7- Amkio-4-phenyl-2-m6thyl-l :8-naphthyTidiiie, 1410. 

CisH^Os c»s.l;2-l)lhydroxy-3:4:5:6-dibenzcyc2ohepta-3:5-diene, 749. 

Javanicin, 1027. 

ChHu 07 Oxyjavanicin, 1027. 

Substance, from green-tea infusions, and its acetyl derivative, 34. 

C18H14N4 7-Amino-2-anilino-4-methyl-l:8-naphthyridinc, 1409. 

CisHibKs 2:8-Diamino-l:9-dimethylaoridine, 247. 

2:8-l>iammo-4:6-dimethylacridine, 248. 

2:7-Diamino>9:10-dimethylphenanthridine, salts, 72. 
iiHiftAa 2-p •Tolvltsoarsindoline, and its salts, 666. 

1 iHieOs y-6-Methoxy- 1 :2:3:4-tetrahy dro- 1 -naphthylidenecrotonio acid, 1 364. 
isHieNs iV -Benzyl- jV'-methylbenzamidine, and its salts, 389. 

2- (l''*Naphthylmethyl)-3;4:6:6-tetrahydropyrimidine, and its salts, 500. 
i AbOs ^-Santonin, constitution of, 1157. 

iiHiiO^ d-cts-3-MethylcycZohexyl hydrogen pbthalate, 206. 
loHisNa pp'-Bisaminomethyldiphenylmethane, 1454. 
itHaiN Ethyl-»-butyIbenzylacetonitrile, 741. 
lAiP p-isoPropylphenyldiallylphosphine, 1448. 
p-Tolyldi-/5-methylallylpho8phino, 1449. 
itHaiOs 2-HomovaniUylcyriohexanol, 1696. 

3- (2-Phenoxyethy])hexane-l -carboxylic acid, and its i8-benzylthiuronium salt, 224. 

2-Amino-4-j3-diethylaminoethylaminoquinoline, and its hydrate, 909. 
iAbN, 2-Amino-4-anilino-6-)3-diethylaminoethylamino-l:3:5-triazine, 169. 
iiHtfNa a-Benzyl-a-ethyl-a-n-butylacetamidine, 741. 

AiNs 9-y-Biethylaminopropyl-*2:6;8-trimethylpurine, and its dipicrate, 61. 
1A7N, iV’-S-Biethylamino-a-methyl-w-butylphenylenediamines, 916. 
lAoS isoAmyl dihydromyrcene sulphide, 40. 
i3aiN cycloHexyl-n-nonylamino, hydrochloride, 201. 

CiftHaaSn Tri-n-butylallyltin, 1450. 

CriaHasN 8-Aminopentadecane, and its m-nitrobenzenosulphonate, 198. 
Butvlundecylaznine, m-nitrobenzenesulphonate, 199. 

Methyl-n-hexyl-n-octylamine, oxalate, 200. 


15 m 

CiiHsOaHa 7:ar-I)initroquindoline, 611. 

CitH»0^a 7-Nitroquindoline, 610. 

11- Nitroquindoline, 611. 

CiiHioOiL 6:8-Di-iodo-3-phenyl-3:4-dihydrocoumarin, 204. 

CjaHioOgKa 2-(2'':4'-l>initrophenylamino)-3-methylenewoindolinone, 837. 

2':4'-Dinitro-3-phenyl-l -methyIphthalaz-4-one, 836. 

Cxjaio».ci. 2-Chloro-4-P'Ohloroaniliaoquinoline, 905. 

2-Chloro-4:6-di-p-chloroanilino-l:3:6-triazine, 1 59. 

CjaHiiONa 6-Amino-2-cyano-7-methoxyacridine, 639. 

5-Amino-3-cyano-7-methoxyaoridine, 640. 

CisHiiOala a-Phenvl-/5-3:4:6-tri-iodophenylpropionio acid, 204. 

CjtHjiOaNa Nitrophenyl-3-methylciftnoline iV-oxides, 1661. 

CiiHiiOaNa 4'-Nitro-2'-methoxy-3-phenylphthalaz-l-one, and its picrate, 464. 

4'-Nitro-2'-methoxy-3-phenylphthalaz-4-one, 465. 

Cl sHiiOiNa 1 :4-Diketo-3-(4'-nitro-2'-methoxyphenyl)tetrahydrophthala2ine, 464. 
CisHiiOsBr Bromoanhydrojavanicin, 1028. 

Cl (45110701 7:8-I)ihydroxyflavylium perchlorate, 349. 

CifiHiiNda 3;9-I)ichloro-2;4-dimethyl-l-azanthracene, 547. 

CiaHiiNS l(or 3)-Methylthionaphthindole, and its picrate, 667. 

12- Methylthionaphthindole, and its piorate, 657. 

CiaHiiNid 7-Chloro-4-phenyl-2-methyl-l:8-naphthyridine, 1410. 

Ci^ifONa 2-Aoetamido-5-cyanodiphenyl, 85, 

4-^Hydroxyphenyl-8-metnylcinnoUne, 1661. 

7-Hydroxy-4-phenyl-2-methyl-l :8-naphthyridine, 1410, 
4-Phenyl-3-methyloinnoline A^-oxide, 1661. 

CifHiaOaNa ay-Bi8-{6-cyano-2-pyridyloxy)propane, 88. 

CiiHitOtBra 3:6;3':6' -Tetrabromo-ay-diphenoxypropane, 83. 

CnHiaOala a-Phenyl-jB-3:5-dl4odophenylpropionio acid, 204. 

CiJ^OJRa 4-Cyano-4'-methoxydiphenylamine-2-carboxyUo acid, 640. 
4-Nitro-4'-aminochalkone, 1419. 
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Cl o-Carboxyacetophenone 2':4'-dinitroplienylhydra£ozie, 836. 

l;4-l)niydroxy-3*(2':4'-dmitrophenyl)-4-methyl-3:4-diliydrophthalazine, 836. 
4'>Nitro-3-pheiiyl-4-methylphthalaz-l>one nitrate, 836. 

CiiE^JICl 0hloro-2:4>dimethyl>l-azanthraceno8, 547, 548, 549. 

3*Onloro-2;4-dimethyl-5:6-benzoqainoline, 547. 

CisHiACli 2-Amino-4:6-di-p-chloroanilino-l:3:5-triazme, hydrochloride, 150. 

CicHisON 5'-Hydroxy-2:4-dim6thyl>5:6>benzoquinolino, 548. 

3^-I^droxypheiiyl-2-methylindole, 1652. 

CisBisOIls 7-Amino-2-phenoxy-4-methyl-l:8-naphthyridine, 1409. 

4-Aiiilmo-6-methoxyoinnoUne, 920. 

Ci«HisO«N 2-Carbethoxy<4:5‘benzindole, 543. 

3-4'-Hydroxy-3'-methoxyphenylindole, 1695. 

3- Met^lpipero]idine<2-picoline, and its methiodide, 1699. 

CisHisOA 4'>Ammo-2'>methoxy-3-phenylphthalaz-l-one, 466. 

4'-Amino-2'-methoxy-3-phenylphthalaz-4-one, 466. 

2^* Anisidino-4-hydToxyqninazoline, 7 80. 

CioHisOsNs o-Carboxybenzaldehyde p-nitro-o-methoxyphenylhydrazone, lactone form, 465. 
3'*Nitro-3-aoetamidodiphenylamine-2-carboxylic acid, 597. 
6-Nitro-3'-acetamidodiphenylamine-2-carboxylic acid, 696. 

Ci«Hi 8N4C1 7-Amino-2-p-ohloroanilino-4-methyl-l:8-naphthyridine, and its hydrochloride, 1409. 

4- Chloro-2-(6'-qninaldylamino)-6-methylpyrimidine, 1616. 

C1A4ON. 4:4-1 haminoohalkone, 1419. 

C1BH14OK4 6-Amino-2-amidino-7-methoxyacridine, and its hydrochloride, 639. 

5- Amino-3-aniidino-7-methoxyacridine, 641 . 

2-(6'-Quinaldylamino)-4-hydroxy-6-methylpyrimidine, 1616. 

C1SH14OA 4'-Amino-2^-methoxy-iV'>phenylphthalimidine, 466. 

Ci5Hi40aN4 5-Amino-2-amidoximino-7-niethoxyacridine, 639. 
2-(Methoxyquinolylamino)-4-hydroxy-6-methylpyrimidine8, 1 61 7. 

-Nitro-4'-carbethoxyaminodiphenyl, 72. 

Ci5Hi40flNa 4:4'-Dinitro-ay-diphenoxypropane, 391. 

C 1 SH 14 NA 8 l>iphenyl-2-cyanoetbylarBine, 621. 

CisHieON 4'-Methoxy>2-methyl-2*stilbazole, and its methiodide, 1698. 

CisHisOAs 2-p-Anisyltsoar8indoline, and its salts, 667. 

CisHikOaN 4-(7'-Hydroxy-2'-naphthylimino)pentan-2-one, 648. 

CiAsOJI. 2:8>Diamino-3:7-dim6thoxyacridine, 248. 

CibHisOsAs 2-p-Anisylisoarsindollne oxide, 667. 

Diphe]^l-2-carboxyethylarsine, 623. 

CifiHisNaCu 7-Amino-9:10>dimethylphenanthridinmm chloride, 71. 

CijaiBNaBr 7-Amino-9:10-dimethylphenanthridinium bromide, 71. 

CisHibNsI 7-Amino-9:10-dimethylphenanthridiniiim iodide, 71. 

CisH^ONa 5-Acotamidotetrahydroacridine, 636. 
jV-Benzylanisamidine, and its hydrochloride, 1115. 

6-Acetamidotetrahydroaoridone, 637. 

2-Amino-4'-carbethoxyaminomphenyl, 72. 

CisHieOsNa 3-Nitro-4'-methoxy-4:5-dimethyldiphenylamine, 914. 

-Nitro-4'-amino-ay-diphenoxy propane, 394. 

CisHieOgNa 2-KetocycZohexylmalonio acid 2:4-^nitrophcnylhydrazone, 1164. 

CxsHyON 7-Aoetyl-6-methyltetrahydrocarbazole, 939. 

1 - Naphthyl /9-dimethylaminoethyl ketone, hydrochloride, 1192. 

CisHi70aN Methoxy-l-methyl-l:2:3:4-tetrahydroacridones, 1038. 

Methoxy-3-methyi-l :2:3:4-tetrahydroaoridones, 1037. 

CxsHivOaAs Phenyl-2-benzyloxyethylarsonic acid, and its salts, 624. 

CiJSnNaCl 2-(l'-Naphthylmethyl)-3:4:6;6-tetrahydropyrimidinram chloride, 502. 

CiiHi7NaA8 Diphenyl-2-amidmoethylarsine, and its salts, 622. 

Cx^„OK, 3 -Amino-4'-methoxy-4:5-dimethyldiphenylamine, and its picrate, 914. 

CxsHiaOaNa 4:4^-Diamino-ay-diphenoxypropane, 394. 

CisHigOaNa Oct-2-en-4-ol 3:5-dinitrobenzoate, 758. 

CxaHiaOaP Triallylphosphine-p-benzoquinone, 1448. 

CxBHxaOaN Ethyl 2-p-anisidinooyclopent-l-enocar boxy late, 1037. 

CisHiaOgCl Ethyl o-chloro-/l-(2-methoxy-3:6-dimethylbenzoyl)propionate, 638. 

CxsHxaOfiBr 3-Bromo 4:6-benzylidene 2-methyl a-methylglucoside, 17. 

CxaHaoNaCl 2-CliloTO-4-^-diethylaminoethylaininoquinoliDe, and its hydrate, 904. 

CiAi<>N.CU 2-Chloro-4-j7-chloroanilino-6-/3-dietbylaminoethylamino-l:3:5-triazine, and its hydrochloride, 
159. 

CxJHaxON jr-Beiizoyl-4-propylpiperidine, 223. 

C,3,iON, 4-/! -Dietnylaminoethylamino-2-hydroxyquinoline, 904. 

CisHaxOP p-Methoxyphenyldi-/5-methylallylphosphine, 1449. 

CisBaxOgN 2-Methyl acetone Xi-arabinose anilide, 1344. 

CxcHaiOgBr I)ihydro-0-Bantonin bromo-lactone, 1166. 

CxiHaiNgCa 2-Amino-4-p-chloroanilino-6-dimetbylaminopropylaminopyrimidine, 1 363. 

2- Chloro-4-auilmo-6-i3-diethylaminoethylamino-l:3:5-triazine, and its hydrochloride, 169. 

®i«HaaONa Benzoyl derivative of o-ethyl-a-n-bntylacetamidine, 741. 

CxaHa^xCn 2. Amin n-4-jp-eh1prn a.ni| inn.6-^-di6thylaminoethylamino-l :3:5-triazine, 159, 

Ci«HaaIP Phenylmethyldi-d-methylallylphosphonium iodide, 1449. 

CxAaXAs Phenylmetnyldi-/3-methylai]ylar8onium iodide, 1460. 

Ci'sHaaOJST OO'^-lMbutyl benzhydroximate, 968. 

Ethyl cydohexenylbutylcyanoacetate, 773. 

CxtHaaOaEf Ethyl p-(3:4-diethylcarbonatophenyl)8erine, picrate, 660. 

CiAiOl^ 4-Phenyliireido-3:3-dimethylhexane, 1497. 

CifEtfsO^ l-Diethylamino-l'-acetoxy-3-cycZohexylprop-2-yne, and its picrate, 1579. 
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C,A,OH. 5-Aoetaiiudo-4-y-diethylaminopropylamino-2:6-dimethjlpjTiimdine» and its flavianate, 60. 
0,A70»1I Bthyl 2-^-diethylttminoethylcye(ohezanone-2-oarbozylste, 400. 

CnlorO‘6-6-diethylamino-a-methylbatylamino-2:6-aim6thylp^imidiner 1 358. 

OiiHmOBL 4-3*lMethylamino-a-methylbutylamino-6-hydTOxy-2:5*dimethyIpyrimidine, dipkrate, 1358. 

4«3«Diethylamino-a-methylbutylamino-2-metbylthio-6-methylpyrimidme» 787. 

0i iVjV^-Bimethyltrimethylenediamine-^A^'-bisoarboxy diethylamide, 316. 

15 IV 

CifH«O^01 4-CMoro-2>phthalimidobenzoio acid, 234. 

G|iH«OiVS O-lTormylthionaphthindole, and its picrate, 657. 

OisH^ONiCl r)-Chloro-3-cyano-7-methoxyaciidine, 640. 

CiftH» 04 NS 3-Hydroxy-2-m-nitrobonzoylthionaphthen, 1677. 

CisHioOtiiCl Chloro-2:4-dimethyl-l-azanthraquinone8, 648. 

CieHiiONS 2-Phenacylbenzthiazole, 1621. 

OiiHiiOKiCl 4>p-ChloroaniUno-2-hydroxyquinoline, 904. 

CiA. 0 ]^ Fluoro< 6 -acetaniidoacridines, 762. 

CisHiiOallS 3-Acetoxy-2-2''-pyridylthionaphth©n, 1677. 

3<Keto>2-benzoyl-2:3-dihydrobenzthiazm6, 1621 . 

CicHiiOsNaSa p-Nitrophenyl 2-amino-4-phenyl>6-thiazyl sulphide, 117. 

Ci»HiiOaNS 2-Keto-l-phenylacetyl-l-2-dihydrobenzitfothiazole -Sf-oxide, 764. 
o.AiOAa j>-NitrophenyI 2-ainino'4-phenyl-6-thiazyl sulphone, 118. 

C.A.Hi^ 9 -Chioro-6-bromo*2:4>dimethyl-l*azanthracene, 648. 

CisHitOaNaS 5-Methyithioindoxyl 2:4-dmitrophenylhydrazone, 668 . 

C| sHxaOaNtSf 1 :3-Bi8-p-nitrobenzenesulphonylacetone, 117. 

GiJB|aN|C» 2-p-Chloroaniiino-4-m6thylthioquinazoline, 780. 

C| cHisOHCSlf 3>Ch]oro-4-( 1 '•chlorO'2^-naphthylimino)pentan*2-one, 647. 

Cx«Hj^ONS 2-B©nzyldihydro-l:3-benzthiazin6-4-on©, 764. 

2'Dimethylaminothioxanthone, 1 232. 

2-Ethylaminothioxanthone, 1233. 

0isHxaO]N|Cl 4-Chloro>2-(methoxyqumolylamino)>6>methylpyrimidines, 1617. 

CisHiaOfNIa a-Ph©nyl-/5-(3:6-di-iodo-4-ammoph©nyl)propionic acid, 204. 

O.A,Q, .NSa 2-Dimethylaminothioxanthone>3‘Sulphonio acid, and its potassium salt, 1233. 

CisHiaONCI 3-Chloro-4-(2'-naphthylimino)pentan-2-on©, 647. 

4-( P-Chloro*2^>naphthylimlno)pentan-2-one, 647. 

4-(Chloro>2^-naphthylimino)pentan*2-one8, 648, 540. 

CitHitOaNaS 4-Methyl-2-(3'-pnthaUmidopropyl)thiazole, 1377. 

CtftHuOaNaSa Triacetylamino-2'mercapto-4*phenylthiazole, 1604. 

CisHiiOcNaS Ethyl 4:6-dlhydroxy-3-p-nitrophenylthio-2>methylpyridine-6-carboxylate, 64. 

CisHi 40 |^a 8 Ethyl 4:6-dihydroxy-3-p-nitrophenylsulphonyl>2-methylpyridine-5-oarboxylate, 54. 

Cl aHi sOHtCIl 5-Chloro-7 -aoetamido- 1 :2:3:4-tetrahydroacridine, 636. 

6 -Oh]oro- 8 -acetamido-l :2:3:4-tetrahydroacrldine, 637. 

5<Chloro-9>acetamidu-l:2:3:4-tetrahydroacridine, 637. 

Oi«HtftOaNS 4-Dim©thylamino-2'-carboxydiph©nyl sulphide, 1231. 

4-Ethylamino-2'-carboxydiph©nyI sulphide, 1232. ^ 

CisHieOaNad Ethyl pyruvate l-chloro-2-naphthyihydrazone, 643. 

CisHiftOsN^ 4-Dimethylamino-2'-carboxydiphenyl sulphide-S-sulphonio acid, 1233. 

C}i»Hi«OaNaS Ethyl 2-benzamidomethyl-4>thiazolylacotate, 1374. 

Ethyl 4-methyl-2-benzamidometbylthiazol6-5<carboxylate, 1373. 

CieHieOsNajSa l:3-DiBulphanilylacetone, 117. 

C 1 SH 17 O 5 N& 3>(2'-BenzeneBulphonylcarbamylphenyl-l '-thio)pentane-2:4-dione, 1676. 

CisHi^OaNaP Uridine-2'-phenyl phosphate, brucine salt, 340. 

Ci 4 Hi 40 aN 4 S 4:6-Dimethyl-2-acetyl8ulphanilamidopyrlmidine, 1376. 

Ctitfii 804 NaS SulphanilhomovaniUylamide, and its hydrochloride, 616. 

OiaHiaOfiNaSa p-Methylsulphonylbenzamidinum toluene-p-sulphonato, 1114. 

Cl fiHiaOaNsSa 4-M©thyl-2-(3'-ac©tyl8lilphanilamidopropyl)thiazole, 1 377. 

CiAiOK«Cl 2-Chloro-4-)3-diethylaminoethylamino-7 >methoxyquinazoline, 899. 

CiAiOKeCl 2 .p <Chioroaniiino>4-/3-diothylaminoethylamino>6-hydroxy-l :3:5-triazine, dihydrochloride, 169. 
0,A.Br» p-Bromophenylmethyldi-) 8 -methyla]ly]pho 8 phonium iodide, 1449. 

CisHaxO«N 4 S n> Butyl 3-ketoamy] sulphone 2:4«diaitrophenylhydrazone, 1516. 

Ci 4H*AIS, Bi8-2>(3-ethyl-A*-thiazoUne)pentamethincyanine iodide, 1443. 

CiA403NaS 3-Phenylureidodibutyl sulphone, 1516. 

CisHaftOaNal Triethyl >2>hydroxyethylammonium iodide .^'phenylurethane, 181. 

Cl sHa sOsN fiS Aoetamido benzenesulphonyl-a- 2 -diethylaminoethylguanidine, 822. 

CinHacOaNibr 9*Keto-5«carbethoxy*2>ethylmorphan ethobromide, 400. 

CiAiOeNSa 3<Nitro-l:5>di>(n-butylsulphonyl}>3«ethylpentane, 1616. 

16 V 

iKadS Chloromethylthioindoxyl 2:4-dinitrophenylhydrazoneB, 668. 

CiaHiaONCiBr 4-( 1 '•Ohloro*6'-bromo-2'>naphthylimino)pentan>2>one, 648. 

Group. 

Ci^Hio Pyrene, crystal structure of, 358. 

CitHao Oopnne, constitution of, 1338. 

16 n 

Ci«Ha!Ia ll-Cyanoqiiindoline, 610. 

C^isHiaOa 2':5-l>ihydTOxy-l-phenylnaphthalene, 226. 

CxAaOa iaoKnmpferide, 124. 

Khamnocitrin, constitution of, 122. 
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16 n— 16 m 


CiAA Phenyl-l;4:9:10-tetrahydronaplitha.6:8-qumoiie, 1096. 

OttHiiOs 7-Methos7flavylium hydroxide, salts, 349. 

CiaHi«Os ^-Hydroxy-o/J-diphenylbutyric acid, 1698. 

OieHieOi 2:2'-Dimethoxybenzilio acid, 953. 

GifHiTNa 2-Ammo-8>methylamino-3:7-dimethylacridine, 249. 

CieHisOs l-Keto-5-methoxy-6:8-dimethyl-l;2r3:4-tetrahydrouaphthalene-2-a-propionio laotono, 539. 

Met^l y-6-methoxy-l:2;3;4-tetrahydro. 1 -naphthylidenecrotonate, 1365. 

CieHiA pp'-Bisaminomethylstilbenc, 1454. 

4''-jDimetnylamino-3-methyl>2-8tilbazole, and its methiodide, 1699. 

CiAaO* Ethyl 1 -keto-6-methoxy-6:8-dimethyl-l:2:3:4-tetrahydronaphthalene-2-oarboxylate, 538. 
CiflHaoO« a-(2-Methoxy-3:5-dimethylbenzoyl)butane-j8y-dioarboxylio acid, 538. 

CieHuOs a-(i5-2-Methoxy-3;5-dimethylphenylethyl)-a'-methylsiiccinic acid, 538. 

CifHa^s 4-y-I)iethylaininopropylaminoquinoline, 904. 

CiaHaaP p-Ethylphenyldi-jS-methylallylphosphine, 1449. 

p«Xylyldi-/3-methylallylphoBphine, 1449. 

Cj«Ha4N« 2-Amino-4-y-diethylaminopropylaminoquinoUne, 909. 

CieHaiS Phenyl dihydromyrcene sulphide, 40. 

CxeHsiN Ethyl-w-butyl-w-octylacetonitrile, 741. 

Ethyl- w-butyl-5ec.-octylacetonitrile, 741. 

CieHssN cyc/oHexyl-n-nonylamine, hydrobromide, 201. 

Czefi38N7 2-Amino-4:6-bis-(/3-diethylaminoethylamino)pyrimidiiie, 47. 

C10H34N2 a-Ethyl-a-w-butylacet-A^n-octylamidine, 741. 
a-Ethyl-a-w-butylacet-A’^-scc.-octylamioine, suits, 741. 
a-Ethyl-a-n-butyl-a-w-octylacetamidine, 741. 
a-Ethyl-a-w-butyl-a-«cc.-octylaoetamidine, hydrochloride, 741. 

CxAsN 2 -Amino-3-methylpentadeoane, 1499. 

Di-w-octylamine, m-nitrobenzenesulphonate, 199. 

2-Octylamino-octane, salts, 199. 


16 III 

C..H eSASa BiB-2-KS‘oarHiiulolyl sulphide, 667. 

2:5-Dichloro-3:4:2':3'-pyridoacridine, 680. 

C16H8O4NS 7-Nitroquiudoline-ll-carboxylio acid, and its nitrate, 011. 

Ci.H, 04N. 6-Nitro-l :2-naphtho-p-nitrophenyltriazole, 1061 . 

C16H10O5N4 6- and 7-Nitro-l-p-nitrobenzeneazo-2-naphthols, 1061. 

C16H10O4N4 2:6-Diketo-3-(2^:4'-dinitrophenyl)fWndolinopyrazolidocoline, 832. 

Ci«Hii01f 2-Methylphenanthroxazole, 652. 

CieHiiONa Quindoline-l 1 -carboxyamide, 610. 

CieHxiOsNs 7-ATninoquindoline-ll -carboxylic acid, 611. 

CieHii04N3 2:5-Diketo-3-(4'-nitrophenyl)t«oindolinopyrazolidoeolino, 470. 

C16H11O4N6 6-Nitro p-nitrobenzcnoazo-2-naphthylamine, 1061 . 

7-Nitro-l-p-nitrobenzeneazo-2-naphthylamine, 1061. 

C16H12O2N2 4-p-AcetoxyphenylcinnoUne, 1651. 

^16^12^4^4 2:5-Dikcto-3-(2'-nitro-4'-aminophenyl)4«oindoUnopyrazolidocoline, 832. 

CiaH]307N4 2-(2^:4^-I>initrophenylamino)i«oindo]inone-3-acetic acid, 832. 

l-Hydroxy-3-(2':4'-dinitrophenyl)-3:4-dihydrophthalazine-4-acetic acid, 833. 

Ci6Hi2NBr ci5-4-Bromo-4'-cyano-2-methyl8tilbone, 691. 
c,a>n.ci, 4-Chloro-2-2>-chloroanilino-3-methylqainoUne, 90H. 

C..H„N.S. Scbiff’s base, from 6-amino-2-mercapto-4-phonylthiazole, 1603. 

CisHiaN4Cl2 4-Chloro-2-ammo-6-p-chloroanilino-6-phenylpyrimidine, 1 362. 

0.JH„O,N, 2:5-Diketo-3-(4'-amiaophenyI)t«>mdolinopyrazolidocoline, 471 . 

CitHisOsCl 1 -p-Chlorophenyl-l:4:9:10-tetrahydronaphtha-6:8-quinone, 1096. 

1 -p-Bromophenyl-l:4:9:10-tetrahydronaphtha-5:8-quinone, 1095. 

CifiHxaOaF 1 -p-Fiuorophenyl-l:4;9:10-tetrahydroiiaphtha^5:8-qiiinone, 1095. 

CieHisOsBx 5-BromO'2-benzoyloxy-4-inethylacetophenone, 230. 

4'-Nitro-2'-methoxy-3-phenyl-l-methylphtlialaz-4-onc, 467. 
4'-Nitro-2'-methoxy-3-phenyl-4-methylphthalaz-l-one, and its picrate, 466. 

CieHiaOsN* 2-(4'-Nitrophenylamino)iaoindolinone-3-aeetic acid, 470. 

CzAaNS 2: 10-Dimethylthionaphthindole, 657. 

Ci«HiaNSa 2-Benzylthio-4-ph6ny]thiazole, 1658. 

CiaHi408lla 4-p-Ani8yl-3-methylcinnoline A-oxide, 1661. 

3-Nitro-l:2-diphenyl-»-propyl cyanide, 1608. 

CieHz40aN4 l-Hydroxy-3-(2';4'-diaminoph©nyi)-3;4-dihydrophthalazine-4-acetic acid lactam, 834. 
Ci«Hi40a%a 2:2'-l)ibromo-5:5^-diinethoxy8tilbene, and its dibromide, 1452. 

CieHi40aBrg 5:5'-Dibroiiio-2:2^-duiiethoxybenzilic acid, 953. 

CjoHuOaNt l:4-Dim)ethoxy-3-(2':4'-dinitrophenyl)-3:4-dihydrophthalazine, 835. 

l-]Hydroxy-4-methoxy-3-(2'':4'-dinitroph«(nyl>-4-metbyl-3;4-dihydrophthalazine, 836. 
5-Bromo-o-tolualdazine, 692. 

CieHi^aSa 6 -Amino-2-benzylthio-4-pkenylthiazole, 1604. 

2:4-Dithio-6-phenyl-l(or 3)-benzylhydantoin, 1607. 

CxaHzsON 3-p-Ani8yl-2-methylindole, and its picrate, 1652. 

CiaHxsONg 4-a-Pyridylamino-6-methoxyqiiinalcUne, 1553. 

CxaHxsO^a 4' -Amino-2'-methoxy-3-pheayl-l-methylphthalaz-4-one, 467. 

4'-Amino-2'-methoxy-3-phenyl-4-inethylphthalaz- 1 -one, 467. 

CxaHxsOgBr 6-Bromo-2:2'-dimethoxy8tilb^ie, and its dibromide, 1451. 

Cx,Hx.OaH. 0-AoetylvaniHinaiLil, 616. 

1-^-a-Phenylethylphthalamic aeid, and its silver salt, 510. 

CxaHxsOsNa o-Carboxyacetophenone p-nitro-o-methoxyphenylhydrazone, 467. 
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4'*Amino<2^-metboxy> A"’ •phenyl-S-methylphthalimidine, 46$. 

1 2-l>i»oetamido-2:3*dihy dro*/i-quiaidene, 635. 

3*Nitro*l-(l>naphthyI)-2:2«dimethylpropyl cyanide, 1505. 

Ot^ieOJIs 0>AcetylTanill-A^^*phenylaimdine, 616. 

O|,fi 0 |fO 4 ll 4 ©^-{jp^iiifcrobenzyliiiietbyleneiinine, 1117. 

3':5^<36nzylidene uridine, 340. 

Ci«Hi# 0^4 2-Picry^mino-3>phenylbutane, 1499. 

OicHnOif 3«^>Xy1idino>4:5'COumaran, hydrochloride, 1047. 

OiaHiTOfAl Diphenyl-2.carboxy-n*propyiar8ine, 623. 

CiJ 9 i 70 all Triacetyl>2:3>dimethylindo]e, 1633. 

OiA.O,H. 4;8-Iliaoetamido-l :5-diinethoxyiiaphthalene, 354. 

3-llimethylaminopheiiol A^-benzylurethane, methiodide, 189. 

CicHisOalla Ethylenedi-O-benzamidoxime, dihydrochloride, 968. 

OisHisO^ Methylcyc^hexyl phenyl sulphones, 40. 

Oi^RialAs 2*p*Tolyl-2-methylt>oarsind(mnium iodide, and its picrate, 666. 

l:3:3-Trimethyl-2-pent-(2'-en-4'-onylideno)dihydroindole, 1 630. 
Methoxy-3-ethyl-l:2:3:4-tetrahydroaGridones, 1038. 
7-Mcthoxy-l-ethyl>l:2:3:4-tetrahydroacridone, 1038. 

CxeHioONi 4:4'-BiB(di]iiethylaniino)azoxyben2ene, and its salts, 559. 

Cx^HaoOilia a/3«2:2'-l>iftirylethane-6:6'-didminoether, and its dihydrochloride, 398. 

Cx«Ha©0*Na Bifurfuryl ether 5:5'>di-iminoether, dihydrochloride," 397. 

CiflHsoO^© 2-Ketocyclohexyl-a-wob\ityric acid 2;4<dinitrophenyihydra7.oiie, 1166. 

Ci«B[aoOaN 4 1 •Triacetyl* l-arabiaosidoglyoxaUne>4:5-dicar boxy amide, 380. 

Cx^HaiOgN Ethyl 2-p-phenetidinocyd(opent-l-ene carboxylate, 1037. 

CiA>H,CU 2;7-l>icnloro-4-y-diethylaminopropylamin(>quinoline, di picrate, 906. 

3-(2*Benzainidoethyl)hexyI cyanide, 223. 

C]aHtB 07 S 2*p*Toluenesulphony] 3:4-acetone j3*methyl-D-arabinoHide, 1343. 

2*p-Toluenesulphonyl 3:4<acotone /S^methyl-L-arabinoside, 1343. 

6-p*Toluene8ulphonyl 3-methyl l:2-acetono ^arabofuranose, 1063. 

2^-To8yl 3;4-isopropylidene ^-methyl -Z-arabopyranoside, 971. 

2-Chloro-4-y-diethylaminopropyiaminoquinoUne, and its dipicrate, 904. 

CieHtjONji 4-y-I)iethylaminopropylamino-2-hydroxyquinoline, 903. 
g.,HuON. 2- Amino-4-/5-dietnylamiaoothylamino-5-phenoxy pyrimidine, 46. 

CxcHtsOBNs 2-Succinimido-3:6-di-s<'C.-butylpyrazine, 377. 

0i«H^«Cl 2-Amino-4-p-chloroanilino-6-p-diethylaminoethylaminopyrimidine, 1 362. 

2^-Chloroamlino-6-/3-diethylaminoethylainino-4-methyl-l:3:6-triazine, 158. 

CxcE^iOflNs 2-Dimothylamino-3-cy<^ohexylphenol A"^-methylurothane, and its mc'thiodide, 189. 
CxeHtBlP p-Tolylmethyldi-/3-methylallylphosphonium iodide, 1449. 

CittHaaOsNa 2*Sucoinamido-3:6-di-s<?c.-butylpyrazine, 377. 

A’A''-Dimothyltrimethylenediamine-A'-carboxvdiethylainide-.y'-carl>oxvpiperi<lc, Sl.T. 
c>.nNO,N, l:10-I>eoamethyienedioxydiurethane, 967. 

Dipropylthalliiim tartrate, 1384. 

Ci©HasON Formamidopentadccane, 198. 

Cx«Ha,OtM 2-Nitro-3-methvlpontadecAne, 1499. 

CjeHasOtHs iV'iV-Pontamethylene-A''-2-ethoxyethyl-A’'-(2-ethoxyethylaminoethyl)urert, 315, 
Cf«fia 30 «Tl 3 Trisdiethylthaluiim tartrate, 1384. 

C,A>«0^4 NA "-Diethylethylenediamine- A^ A^'-biscarboxydietbylamide, 3 1 5. 

CxcHseOaP Diethyl w-dodecylphosphonate, 1466. 


16 IV 

CxaH^OaNaBr 7 -Bromoq uindoline- 1 1 -carboxylic acid, 609. 

CxAO«N,Cl3 2:6-Diketo-3-(2';6'’-dichloro-4'-nitrophenyl)tsoindolinopyrazolidocoline, 472. 
OicHtOaM^Brs 2:5-Diketo-3-(2':6'-dibromo-4'-nitrophenyl)Moindolinopyrazolidocoline, 473. 

C,.H„04 1^2 4:8'-Diohloro-6^qainolylanthraniiic acid, 680. 

C 2 «Hx© 04 NtCl 2:5- ]>iketo-3-(2'-cbloro-4'-nitrophenyl)^indolinopyrazolidocoUne, 47 1 . 

OxAoOaHaBr 2:5-Diketo-3-(2^-bromo-4'-nitrophenyl)fsoindolinopyrazolidocoline, 473. 

Ci«HixO^|Cl Quindoline-ll -carboxylic acid, 609. 

OxaHiiO^J[ a;-lodo-4-p-aoetoxyphenylcinnoline, 1655. 

CxeHxiOalf«Cl 6- and 7-Nitro-l-p-ohlorobenzeneazo-2-naphthylamines, 1061. 

GiaHxiOfrllaCla 2-(2':6'-Diohloro-4'-nitrophcnylaiiiino)isoindolinone-3-acetic acid, 472. 

Cx©HixOABr 2 2-(2':6'-Dibromo-4'-nitrophenylamino)fsoindolinone-3-acetie acid, 473. 

CxaHitONI l-lo<lo-3-acetyl-2-phenylpyrrocoline, 672. 

OiaHxBOaHaCl 2:5-Diketo-3-(2^-chloro-4'-aminophenyl)Moindolinopyrazolidocoline, 471 . 

Ci«HiiO«Nad 2-(2'-Chloro-4'-nitrophenylamino)tsomdolinone-3-Bcetic acid, 471. 

CiaHxtOsHaBr 2-(2'-Bromo-4'-nitrophenylamino)isoindolinone-3-acetio acid, 473: 

CieHifOflfiS Benzaldehyde 2':4'-dinitrophenylhydrBZone-co-8ulphonic-2-^-acrylic acid, 832. 

3-(2':4'-Dinitrophenyl)-3;4-dihydrophthalazine-l-suiphonie-4-acetic acid, sodium hydrogen salt, 833. 
0 i^x»B€S 1S 10-0hloro-2:12-dimethylthionaphthindole, and its picrate, 657. 

CieHxaOllS 1 l-Ethoxythionaphthindole, 657. 

Cx«Hx 30 N:;C 1 b 2 •Chloro-4-p-ehloroanilino-6-jp-ani8idino- 1 :3:5-triazine, 1 59. 

CxJXisOOCFe 0-Methylfiavylium ferrichlonde, 349. 

OifHxsOillS A^-Benzoyl derivative of 2-methy]dibydro-l:3-benzthiazine-4-one, 764. 

Bi^HxaOfRaS 6-Nitro-3-methyi-2-anilinoethyiidenebenzthiazoline, 957. 

Cx©HxaOj|^ 5-Amino-4-p-uitrobenzeneazo-2-benzylthiazole, 1597. 

2-Ac6tamido-2'-carboxy-5-methoxydiphenvl sulphide, 1233. 

OxaHxtOJIS 2 •Acetamido-2'-oarboxy-5-methoxydiphenyl sulphone, 1233. 

OaaHxaO^sS 3-Keto-2-aeetyl-2:3-dihydrobenzthiazine 2:4-dinitrophenylhydrAzone, 1621 . 
CiJBiiJKMA Bis-2-(6-2-tliienylpyxTole)azamethin dihydrochloride, 1200. 

CxaRiaOiKn 2-(5-Chloro-2-benzamidophenyl)propylene, $10. 
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Ci«H] 40^C1 2-j}-Chloroaniiino-4*ethoxyquiDazoliiie, 7S0. 

CicHuOaMaOl 2-(2^Chloro-4'-aminophenylamino)i«»ndolinone-3-aoetie acid, 472. 

Ci^uOsHiS 6-Ethoxythioiiidoxyl 2:4-dinitrophenylhydrazone, 658. 

C.A4OACI 4; -Nitro<l:2^dimethoxy-3*phenyIphthalaziniiim perchlorate, 4 (m. 

CitHisOllS 2-Methylethylaimiiothioxanthone, 1233. 

OiAftONsI 4-p-Hydroxyphenylcinnoline ethiodide, 1655. 

OhHuOH«C 1 2-Amino-4-p-chloroanilino<6-p<aniBidino>l:3:5<triazine, hydrochloride, 160. 

CieHxftOCSoAl A«-^iro-Bis-5-chlorotaoar8indolinium hydroxide, salts, 669. 

CieHisOaVS 4-Methylacetamido-2'-carboxydiphenyl sulphide, 1232. 

Cx«Hx sOsN^ 4'-Chloro-3-iiitro-2V-aoeto-4:5 -dimethyldipheny lamide, 9 1 .3. 

C1A.O2NOI 2«Chloro-2*benzamidophenyldimethylcarbinol, 810. 

6-Chloro>7:9*diaoetyltetrahydrocarbazole, 939. 

CifHieOgHBr 6-Bromo-7:9-diacetyltetrahydrocarbazole, 939. 

Ci«Hi« 04N2S l>i-(2*nitro-l*phenylethyl) sulphide, 1481. 

/3-Benzylthiopropaldehydc dinitrophenylhydrazone, 1611. 

Cx,Hx« 05N|82 6-Ni(ro-2-mothylbenzthiazole inetho-j>-tolnenesulpUonste, 937. 

C.A>0N^ 4'-Chloro-3-amino*xV-aceto-4:6-dimethyldiphenylamidc, and its salts, 91.3. 

CieH^OsNS 4-Methylethylamino-2'-carboxydiphenyl sulphide, 1232. 

p-Tolyl 2-benzamidoethyl sulphone, 1481. 

CieHxvOsNS A^-Benzoyltoluene-p-sulphonothylamide. 387. 

Ci«Hi 705NS2 4-Methylethylamino>2'>carboxydiphenyl sulphide-3>su1phoni(' acid, 12,3.3. 

CieHirOgNaSg 5-Acotylsulphanilamido-2-beiizylthiazole, 1597. 

•Bromo- 10: 1 1 -dihydroxy-7:9-diacetylhexahydrocarba7.ole. 939. 
[2-(4<Methyl-3-ethyrthiazole)][2-(3-phenyl-4‘methylthiazole)Ja/.auiethiucyaniiic iodide, 1658. 
CX4H12O4N3S2 Ethyl 2-JV*-acetylsulphani]amido-4-methylthiazole-5-acctat.e, and its hydrochloride, 591. 
Cx«H 20O.»2S 8ulphanil-a<vaniUyletky lamide, and its hydrochloride, 616. 

Ci«H 220N3C1 7*Ghloro-4-y-diethylaminopropylamino-2-hydroxyquinoline, 906. 

CieH22Ci]2A82Pd I)ichlorobi8(phenyldimethylar8ine)palladiuin, 665. 

Ci6H230NrtCl 2-Chloro-4-p-ani8idino-6-/5-diethylaminoethylamino-l :3:5-triazine, liydrochloride, 1 59. 

^-Mcthoxvphenylmethyldi-/3-methylallylpho8phonium iodide. 1449. 

C16H2-O2N 2CI Trimethyl-2-hydroxyethylammonium chloride iST-dipropylurethanc, IHO. 

CioHaaOiNSa 3-Acetamido-l :5-di-(n-butyl8ulphonyl)-3-methylpentane, 1 516. 

Cx«3340N4l2 2:2'-l)ipipcridinotV>propjdnrca dimethiodide, 1513. 


Group. 

CnHjaN. c<«. and <m««-4:4'-l)ieyano-2-methyIatilbene. 691. 

C17H14O2 Methyl dibenznorcaradieneoarboxylate, 7.50. 

Acetylanhydrojavanicin, 1027. 

Ci7Ht4N4 A"xV'-Di-2-pyriaylbenzamidine, 389. 

C]7 Hi 402 6-Methoxv.2*p-methoxyphenylindene, 1697. . 

l.{o-ToIyI)-l:4;9:l6*tetrahydroiiaphthaquinone, 1094. 
jr>*ToIyM;4r9:10-tetrahydronaphtha-6:8-quinone, 1094. 

CitHieOa 3-Acetoxy-2-methoxy«9:10-dihydropheiianthrenc, 1696. 

1 -p-Anisyl-l:4:9:10-totrahydronaphtliaquinone, 1096. 

Ci7Hi(t03 O'Carbobenzyloxyhomo vanillin, 1695. 

/m?i;?-4:4^-Diamidino-2>methylstilbene, dihytlrochloridc, (»9 1 . 

C17HU1N3 2:8 >Bismethylamino-3:7>dimethylac‘ridine, 249. 

CX7HS0O4 2-0-AcetylhomovanillyUdenecyc?ohexanone, 1696. 

CiTBleoO:} Ethyl 1 -keto-5-methoxy-6:8-dimetbyM:2:.3:4-tetraliydronaphthalene-2-glyoxylate, 538. 
CX7H29P ^-isoPropylphenyldi-jS-methylallylphosphine, 1449. 

C,7H2eNe 2-Amino-4-p-toluidino-6-diethylaininoethyJaminopyrimi<iinc, 1363. 

C17HI3N2 A' A’'-Di-»-amylbenzamidine, and its picratc, 388. 

-Diethylamino-o-methyl-7i-butyl-2:6;8-trimethylpuriiie, 51 . 

Ci 7H3 iN 3 5-Amino-3-(8-diethylamino-a>methyl-w-bntylamino)-o-xylene, 91 2. 

Cx 7H32N4 l:ll-Bi8-(2'-dihydroglyoxaUnyl)undecane, and its toluene-p-Mulpliouate, 500. 

Ci 7H3^5 4-Amino-2-y-di-n-butylaminopropylamino-5:6-dimethylpyrimidine, and its dipicrate, 48. 

5-Amino-4-y-di*n-butylaminopropylamino*2:6-dimethylpyrimidine, .50. 

C17H37N 1 • Aminoheptadecane, and its salts, 199. 
i>oAm3 ldi*«-hexylamine, oxalate, 200. 

17 m 

Ct7HioN2Cl2 5;8-Dichloro-2-inethyl-3:4:2':3'*pyridoacridiiu?, 681 . 

CX7HX1O3N3 Acetyl-7>nitroquindoline, 610. 

Cx7Hn04N3 6:4'- and 7:4'-DinitrobenzyUdene-2-naphthylamines, 3;K). 

Substance from 4-methylcinnoline-7-carboxylic acid and o-nitrobenzuldehyde, 810. 

Cx 7 Hx 202N2 Methyl quindoline- 11 -carboxy late, 610. 

Cx7H}20«ll4 5-Methoxy-l;4-naphthaquinone 2;4-dinitrophenylhydrazone, .354. 

6 -<2-Cyanoethyl)thionaphthindole, 658. 

C17H13O4N3 2:6-l5iketo-3-(4'-nitro*2'-methylphenyl)t>oindolinopyrazolidocoline, 473. 

Cx7H|aO«N3 2:5-Diketo-3-(4'-nitro-2'-methoxyphenyl)woindolinopyrazolidocoline, 465. 

Cx7Hx30(lf4 Benzo-l'-(2";4"-dinitrophenyl)-r-methylhydrazide-2-/5-acrylonitrile, 833. 

C17H13H8 4:6-Trimetfaylenethionaphthindole, and its picrate, 657. 

CX7HXJI3CI2 4-Chloro-6-p-chloroanilino-5-phenyl-2-methylpyrimidine, 1361 , 

CIx 7H|40«N4 6-Nitro-l-p-tolylazo-2-napbihylamine, 1061. 

Ci 7 Hi 40^2 ci>-4:4'-IHbromo-2:2'-dimethyIstilbene-a-carboxylic acid, 692. 

Ci7Hx407]l4 l-Keto-3-(2'-:4'-dijiitrophenyI)-2-methyItetrahydrophthalazine-4-acetic acid, 834. 
Methyl 2-(2':4'-dinitrophenylamino)»soindolinone-3-aoetaie, 832. 

Methyl 1 -hydroxy-3-(2':4'-ainitropheiiyl)-3:4-dihydrophthalazine-4-acetate, 833. 
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CaH. 41 ^ 4*ChlorO'2-j:>-chloroaiiiUno*3*ethylquiQoUae, 909. 

Ci9Hi«1 I|8 s Schiff*B base, from d-aiiiino-2>meroaptothiaaole, 1003. 

CifHifOll p-AminO’Cd-cinnamylideneaoetophenooe, 1420. 

7*Ac6tamido-4>p]ieiiyb2-iiie4byM:8>naphthyridine» and its salts, 1410. 

Ci7Rt»Osll H6x-3-en-6-yn-2-yl a-naphthylnrethane, 1586. 

Oit&iOJIs 7-Aoetamido-2-plienoxy-4-methyM:8-naphtliyridine, 1409. 
l:9>]^oetamidoaoridme, 1419. 

3-0. 4'.Acetozy .S'-metboxyphenylindole, 1 695. 
iV-MnzoyM:2:3:4.tetrahydroisoquinaldimo acid, 129. 

Ci?Hi«0aM« 4'.Acetamido>2^methoxy-3-phenylphthalaz.l.one, 466. 

4'-Aoetamido.2'-methoxy.3-phenylphthalaz-4-one, 466. 

C17H1 »04Na 4'.Nitro>l:2'.dimethoxy-3.pb6n^l-4-inethylene-3:4-dihydroplithalazine, 467. 

OjtHisO fills Methyl 2-(4'.nitrophenylamino)isoindoUnone-3-acetate, 470. 

2.(4'.Nitro.2'.methylphenylamino)»soindolLnone-3.acetic acid, 473. 

Ci7HiftOsN3 l.Hydroxy-3.(4'-nitro.2'-methox^henyl)-3:4-dihydrophthalazine>4-acetic acid, 464. 

2-(4'-Nitro.2'.methoxyphenylamino)Momd(^one-3-acetic acid, 464. 

OnHieONa 3-Ethyl-2.aiiiloethylidenebenzoxazoline, 950. 

CitHijOsIIs 7.Carbethoxyamino.9.methylphenanthridine, 71. 

3.i^itro.l:2-diphenyl.n.butyl cyanide, 1508. 

CiyBNsOsHs a€-Bi8-(6-cyano.2-p^idyloxy)pentane, 88. 

a-Oyano-a'-carbamyldibenzylurea, 1608. 

CitHisOsNs 4'-Acetamido-2'.niethoxy-JV.phenylphthalimidme, 466. 

CitHisOsNs l-Mothoxy-4-ethoxy>3>(2':4'-dinitrophenyl)-3:4>dihydrophthalazine, 835. 

CitHisOtHs 0-Acetylhomo vanillin 2:4-dinitrophenyl%drazone, 1604. 
3.£thyl.2.aniloethylidenebenz8elenazoline, 958. 

-Amino-8-acetamido-l:9-dimethylacridine, 247. 

C„H„O.H, 1 .Hydroxy-3-(4'-amino-2'-methoxyphenyl)-3:4-dihydrophthala2inc-4-acetic acid, 464. 

C.,H x 7 KsI 4.Phenyl.3-methylcinnoline ethiodide, 1654. 

Ci7HigOtIls 5-Diacetamidotetrahydroacridine, 636. 

CifHigOtNs 2-Atnino-4:6-di-p-aniBidino-l:3:5-triazine, hydrochloride, 159. 

CxxHigO^s 2-Aoetamido-4^oarbethoxyaminodiphenyl, 70. 

C.,H, sO«Ne S-Deoxyd-xylose p-nitropnenylosazone, 972. 

CiyHisOgN 7:9-Diacetyl-6-methyltetrahydrocarbazole, 939. 

CitHisOsNs 5:7-Diacetamido-l:2:3:4-tetrabydroacridine, 636. 

2:8-X>iamino-3:7-diethoxyacridine, 248. 

CnHisOgN 2-o*Methoxymethylphenylethyl .V-phenylcarbamate, 1640. 

C17H1SO8N4 /3-Anilino-a-amidino-j8-3-methoxy-4-hyAroxyphenylpropionamide, hydrochloride, 61 8. 
Ci 7 Hso 08 Ns 3*I>imethylaminophenol .A^-4-methoxybenzylurethane, methiodido, 189. 

I^itHssOsNs a€-Bi8-(5-amidine-2-pyridyloxy)pentane, dihydroohloride, 88. 

Ci7E[t4N8C3 2-Chloro-4-y-diethylaminopropylamino-3-methylquinoline, and its dipicrate, 908. 

Ci7Ha4N5Cl 4-p-ChloroamUno-6-y-dimethylaminopropylamino-2:5-dimethylpyrimidme, and its dihydro- 
chloride, 1369. 

CnHsftOH 2-Keto-l*methyl-l-P-diethylaminoethyl-l:2:3:4-tetrahydronaphthalene, 401. 

Ci 7 HssONs 4-y-Diethylaminopropylamino>2<hydroxy-3>methylquinoline, 908. 

Cx 7H,.ON. 2 - A mino -4 -y • dicthy laminopropy lamino- 5 -phenoxy pyrimidine, 46. 

Cl 2-Amino-4-p-chloroanilino-6-diethylaminopropylaniinopyriinidine, 1363. 
2-Ainino<4-p-ohloroani]ino-6*dimothylaminopFopy]amino-5>ethylpyrimidine, 1363. 
2^-Chloroanilino*6-y>diethylaminopropylamino-4>methyI.l:3:5-triazino, 158. 

CixltsONt 2- Amino-4-p-ani8idino-6-diethylaminoethylaminopyrimidine, 1 363. 

CX7HS4O4N4 Undeoanal 2:4-cUnitrophenylhydrazone, 190. 

C17H11IP p-Ethylphenylmethyldimethyl-/?-allylphosphoiiium iodide, 1449. 

p<Xylylmethyldi-/3-methylaUylpho8phonium iodide, 1449. 

CnHssOiL 5-Phenylureidodeoane, 1496. 

C17HS1N4A 4-Chloro-2-y-di-n-hutylaminopropylamino-5:6>dimethylpyrimidine, dipicrate, 48. 

C]7HstOil4 2-y-Di-«-butylaminopropylamino-4-hydroxy-6:6-dimethylpyrimidine, and its dipicrate, 48. 
C17H34ONS 2-t7reido-3-]nethylpentadecane, 1499. 

17 IV 

C17H11ONS 3-Hydroxy-2-2'-quinolylthionaphthen, 1577. 

CitHhOII^I 8-Chloro-2-methyl-3:4;2';3'-pyridoacridone, 681. 

Ci7HiiONjBr Aoetyl-7-bromoquindoline, 610 

OnHxsOtMr c»«-4-Bromo-4'-oyano-2-methyl8tilbene-a-oarboxylic acid, 691, 

CitHisOsNS 6-(2>Carboxyethyl)thionaphthindole, 658. 

CitHxsOsIV Fluoro-5-diaoetamidoaoridine8, 762. 

Biacetamidothioxanthone, 1233. 

Ci7HiaOs]lt8s p*Nitrophenyl 2-aoetamido-4-phenyl-5-thiazyl sulphide, 118. 

C,A.O«H|& Toluene-p-sulphon-l -bromo-7-nitro-2-naphthalide, 330. 

CitHxsOsNsCIs Methyl 2-(2':6'-dichloro-4'-nitrophenylamino)«8oixidolin.one-3-aoetate» 472. 

CnHisOallsBbrt Methyl 2-(2':6'-dibromo-4^-nitrophenylamino)»#omdolinone-3-acetate, 473. 

Cx7Hx 30^A p-Kitrophenyl 2-aoetamido-4-phenyl-5-thiazyl sulphone, 118. 

CitHisO^sS l:7-Dinitro-p-toluene8ulphcui-2-naphthaIide, 1061. 

Ct7Hi40N|^ 2-p-Chloroanilino-4-phenoxy-6-methylpyrimidine, 790. 

Iifethyl-2-ctiloroethyt-2'aoetoxyethyu.iiiiDe, and its salts, 517. 

C.A.O.H.S Toluene >p>8ulphon-6-nitro-2-naphthaUde, 330. 

Toluene-^sulphon-7 •nitro-2-naphthaUde, 330. 

CxtHuO^^ Methyl 2d2'-chloro-4'-nitrophenyla]|iino)««oindo]inone-3-aoetate, 471, 

Cx7HuOsN»ltr M«tliyl2 -( 2^-bromo-4'-nitrophenylammo)Moindolmone-3-aoetate, 473. 

OX7H14OA8 4-(|}-Nitrobenzene8ulphonamido)-2-plienyl-6-methyl-3-pyridazone, 552. 

CxtHuKCRS 10-Chlorod2-methyl-6-ethyHhionaphthiiido]e, and its picrate, 657. 
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CirHi^OsNs^r 3-Nitro-2«phenirl-l-^-bromophenyl-9i*butyl cyanide, 1508. 

C17H15O&N3S 4-8alphanilaiiiiao>2-(|>-nitropn6nyl)-6-methyl-3>pyridazone» 553. 

C^Hi^OsNaS 3-(4^-Nitro*2'-methoxyp]ienyl)-3:4-dihydropbthalazine-l-salphonic-4>acetic acid, sodium salt, 
463. 

5-Ciiloro>3'‘etiiyl-2-ani]oethylideQebensthiazo]ine, 95 7 . 

CiTHieOtNsCl 2-Chloro-4:6-di-p<anisidmo>l:3:5-tnazine, 159. 

OiTHi^OaMiS 4-Sulphanilamido-2-pbenyl*6-methyl*3-pyridazone, 552. 

CirHteOTNaS Ethyl bydroxyacetoxy-3-p-iiitrophenylthio-2-methylpyridine-5-carboxylato, 54. 

OwHieOgNaCl 4' >Nitro-l :2'-dimethoxy-3-phenyl-4-methylphthalaziiimm perchlorate, 467 . 

Ci?HieN2Cl2S 5-Ohloro-2-/}-anilinovinylbenzthiazole ethochloride, 957. 

CirH^OsNS 4-Ethy]acetamido-2'-carboxydiphenyl sulphide, 1232. 

Ci?Hi 70«N3S Dimethyl-2-benzoyloxyethyl8ulphonium picrate, 769. 

Ci 7 Hi 7N2C1^ 2-j8-AnilinovinylbenzBelenazole ethochloride, 958. 

C^HKN^ISe 2-j3-Anilinovinylbenzselenazole ethiodide, 958. 

Ci7Hi7C3aBr2As 6-Chloro-2-[4 (or 5)-chloro-2-bromomethylbenzylJ-2-methylisoarsindolinium bromide, 609. 
CitJisO 3NCI 2-Chloroethyl .A^-dibenzylcarbamate, 179. 

CiaHigO^NdS )3-Benzylthio-n-butaldehyde dmitrophenylhydrazone, 1611. 

CxaHigOaNS 4-Dimethylamino*2'-carbethoxydiphenyl sulphide, 1232. 

CiaHgoOsNaS iV*-Aoetyl8ulphanilhomovanillylamide, 616. 

C17H20OTN 5P Adenosine-.5'-benzyl phosphate, and its silver salt, 651 . 

C]7H2302NeCl 4-y-Diethylaminopropylamino-5-p-chlorobenzenea7.o-2:6-dihydroxypyrimi<line, and its di- 
picrate, 731. 

C'i 7H23N2]Q52 Bis-2-(4-methyl-3-ethylthiazole)pentamethincyanine iodide, 1443. 

Ci 7H23N4C1S 2>]3-Diethylaminoethylamino-4-p-chlorophenylthio-6-methy Ipyrimidine, 7 88. 

4^-Diethylaminoethylamino-2-p-chlorophenylthio*6-methylpyrimidine, 788. 

CiTHggONBr 9-Keto-5-methyl-2-ethyl-6:7-benzomorphan ethobromide, 401. 

OifHzsNASs [Bis.2-(3-methyl-A®-thiazoline)][a/5'-dimethin-2'-(3'-methyl-A®'-thiazuline)jtrimethincyanine 
di-iodide, 1442. 


17 V 

CitHkiNoCUS 5-('liloro-2-/5-anilinovinylbenzthiazole ethiodide, 957. 

C,g Group. 

Diketophenyl-a- and -/5-nai>hthylethanes, 60. 

9-(3'-Pyridyl)phenantliridine, and its salts, 1413. 

CigHisNa 3- and 7-Amino-9-(3'-pyTidyl)phenanthridines, and their salts, J4I5. 
C18H14O3 Phenyl-a- and -/3-naphthylglycoIlio acids, 60. 

Gi8Ht4N2 and <m»5-4:4'-Dicyano-2:2'-dimethyl8tilbones, 692. 

.VA’-Diphenylpioolinamidino, and its picrate, 1116. 

C18H16O2 2';5-I)imethoxy-l-phenylnaphthalene, 226. 

CigHiaOg 4"- Hydroxy •3:6:7-trimethoxyflavone, 123. 

Ci8HirtN2 l-Methyl-2-aniloethylidenedihydroquinoliiie, 958. 

CigHittNa l-Anilino-5-anilomethyl-l:3-pentadien©8, hydrobromidos, 961. 

C18H18K4 4t4"-Bi8-(2-dihydroglyoxalinyl)diphenyl, and its toluene-yi-sulphonate, 500. 
Cx^goOa Ethyl j5-hydroxy-ay-diphenylbutyrate, 1698. 

CigHgoOs ^-Hydroxy-ay-di-p-methOxyphenylbutyric acid, 1698. 

C28H20N4 <mws-4:4'-Diamidino-2:2'-dimethylstilbene, dihvdrochloride, 692. 

CiAiH, 2>Amino-8<diethylamino-3-m6thylacridine, 249. 

CigHggNg 2-(2>Diethylainiaoethylamino)-p*phenanthroline, hydrobromide, 1661. 
C1A4N2 A^iV''-Diphenyl-iV’-methyl-iV’'-ethyltrimethyl©nediamine, 311. 

CigHggNa 2-^-Diethylaminoethylamino-5-benzeneazo-4:0-dimethylpyrimidine, 51 . 
C18H32O3 Kicinoleic acid, scission of, 753. 

CigHsftN Di-n.>octylacotonitrile, 741. 

CigHaTNr 2-Amino-4;6-bis-(y-diethylaminopropylamino)pyrimi<liue, 47. 

CigHagNfl aa-Diethyl-a-w-butylacet-A’^-scc.-octylamidiiie, 741. 
aa«Di-n-octylacetamidine, hydrochloride, 741. 

Stearamidine, and its salts, 741. 

IH-n-nonylamine, and its salts, 199. 

Ethyldi-n-octylamine, 200. 

Hexadecylethylamine, hydrochloride, 199. 

Tri-7i-hexylaminc, oxalate, 200. 


18 m 

Nitro-9-(3'-pyridyl)phenanthridines, and their salts, 1414. 

CisHiiMS 10:ll-Benzthionaphthindole, 657. 

ll:12>Benzthionaphthindole, and its picrate, 657. 

Ci 8 HtaO«H 4 7-Nitro-l-p-nitrol^nzeneazo-2-naphthyl acetate, 1061. 

Ci 8 HisCl 38 b Trichlorophenylstibines, 1569, 1570. 

CiaBigdsSb Tri-p>chlorophenyl 8 tibine dichloride, 1570. 

C28H,2Br»Sb Tri-o-bromophenybtibine dibromide, 1570. 
c>3„a5 a- and /1-Naphthyl wonitroso benzyl ketones, 60. 

CjgHtaOaN A'-cu-Bifttrfiuylidene-p-aminoacetophenone, 1420. 

CitRiaO^a Nitro-2-nicotinamidodiphenylB, 1413. 

2 -Niootinamidodiphenyl, 1413. 

Ci^igOfilig 2:5-IHketo-8-(2'-nitaro-4'-ao©taiiiidopheiiyl)isoiiMiolinopyrazolidocoline, 833. 
CitBigltftSa 8 chif !*8 base, from 5oamino-2-mercapto-4-phenylthiazole, 1603. 

CiAgllaSg l':5-Bis-(2:4-dithio-5-pheiiylhydiuit€iiii), 1606. 

CnHisON 3-Methyb3>(2'>beiizoylriny^dole, 1631. 
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CxJBtsO|N 2- Hydroxy- l>iiaphtbaldehyd« j>-metlioxyaiii]f 97S. 

CifBtsOJIa 2:d-I]^k6to-3-(4'-acetaiiiidophenyl)^inacdinopyrazolidocoUne, 471 . 

Ci«BisO«lls l-Acetory-3-(3'omtroplienyl)-3:4«dihydroplithala£ine-4*aoetic acid, 473. 

O)t0tfrO«Gl» l;l;l-Triohloro-2:2-d£(4-<tf*earboxymetiioxyphenyl)ethane, 849. 

CjaHiaOsHi Acetyl derivative of l-hydroxy-3-(2':4'-maminophenyl)-3:4-dihydrophthalarzia6-4-acetic acid 
lactam, 834. 

Cj^itOvVi Ethyl 2-(2':4'-dimtrophenylamltio)*aoitidoliiione-3-acetate, 832. 

Ethyl 1 •hydroxy-3>(2^:4'-dinitrophenyl)-3:4-dihydrophthalazine-4-aoetate, 833. 

Methyl 2>(2':4'-dinitrophenylmethylamino)Moindolinone-3-acetate, 833. 

Methyl l-keto*3-(2':4'*dinitrophenyl)-2-methyltetrahydrophthalazine-4<aoetate, 834. 

CiJIiyOflls Aoetyl-2:7-diamino-9-methylphenanthridine, 72. 

CtJSIi 70 fll Methyl Ar>benzoyM;2:3:4*tetrahydrotaoqiiinaldinate, 129. 

CiAvOJI, 4'* Acetamido*2'-methoxy-3-phenyl- l-methylphthalaz-4-one, 467. 

4'- Acetamido-2'-methoxy >3>phenyl-4-methylphthalaz- 1 -one, 467. 

Methyl 2-(4'-nitro-2'-methylphen5^mino)i>oiDdoIinone-3-acetate, 473. 

CiAvOsH 2:6- Dimethyl galsctonamide, 162S. 

C.A.P4I. 1 •Keto-3-(4"-nitro-2'-methoxyphenyb-2-methyltetrahydrophthalazine-4-acetic acid, 464. 
Methyl 1 -hydroxy-3-(4'-nitro-2'-methoxyphenyi)-3:4-dihydrophthalazine-4-acetate, 404. 

Methyl 2-(4'-iiitro-2'-methoxyphenylamlno)iaoindolinone-3-aoetate, 465. 

4'-Aoetamido-2'-metboxy-jy-phenyI-3-methylphthaliiiiidine, 468. 
c,A.0.x. 4:4'-Diaoetamidobeiizoin, 251. 

Ci.Si»Oi^4 Car bethoxy homo vanillin 2:4-dinitrophcnylhvdrazone, 1694. 

3.Ethyl.2 •/3-anilopropylidenebenzthiazoline, 9.58. 

3-Ethyl-2‘aniioiaopropylidenebenzthiazoUne, 958. 

CisHttOP P'Phenoxyphenyldiallylphosphine, 1448. 

CtJSitOA O-Carbethoxyhomovanillin p-nitrophenylhydrazoiie, 1694. 

Cxa^oOaNg a-Biaphenylacetoethylenediamide, 503. 

Bi8-(2:4-dinitrophenyl)-2-methylpentano, 1398. 

CiJHtiON 4ij-Dimethylamino*<o-a-phenyletnylacetophcnones, and their pieratea, 94. 

C.A.OJI \‘Ci8- and -^ran,a-3>Methylcyclohexyl-a-naphthylurethaneB, 206, 207. 

CxftHgiOaH 5-Benzamidomethyl dihydroeugenol, 126. 

Dimet^laminoethyl benzilate, 60. 
c.Ai0.ir. 2*Amino-4:4'-dicarbethoxyaminodiphony], 71. 

3-I>iethylaminophenol A^-benzylurethane, and its methiodido, 189. 

CuMagOglJl Bi8<(m-^methylamino)oxanilide, 247. 

C^isHagOitlig Methyl l-triacetyl-d-xylosidoglyoxaline>4:5-dicar boxy late, 380. 

CigHgaOHft 2-y -Diethylaminopropylamino-4-hydroxy-l:3-diaza-acridine, and its salts, 734. 

C]gH*aOfN 2-AcetamIdo 2-acetyl 4:6-benzylidene a-mcthylaltrosido, 20. 

2-Acetamido 3-acetyl 4:6-bcnzylidene a- met hylglu coside, 21. 

CxA^OJNT 4.Hy droxy-5-, 6-, 7-, and 8-methoxy-3-92-heptylquinaldines, 1038. 

Tri-p-metnylallylphosphine-p-benzoquinone, 1 449. 

CiiAsOaV Ethyl 2-o-ani8idino-5-ethylryr2ohex-l-enecarboxy]at6, 1038. 

Ethyl iV^-benzoyl-4-propylpipcridinc-2-carboxylate, 223. 

C|gHf&03 Ethyl /3-(3:4-diethylcarbonatophenyl)-iV-methvl8crine, Halts, 661. 

S‘**9*b 10-:^nzamidodecyl cyanide, 1371. 

OisHtgOglfg 2-/5-I>icthylaminoethylamino-4-p-methoxvphenoxy-6-methylpyrimidiiie, 789. 

CxaHsgOaH, 4.p •Nitroanilino-6-y3-diethylamiiioethylammo-2:5-dimethylpyrimidinc, and its dihydrocliloridc, 
1359. 

CigHgtOTH* 2 -Nitro<3-diethylaminobutane, 1 488. 

c.3Aa 2-Chloro-4-y-diethylaminopropylamiiio-3-ethy]qiimoline, and its dipicrate, 909. 

CigHggllftCl 4-p-Chloroaniliiio-6-/5-diethylaraiiioethylamino-2:5-dimethylpyrimiaine, and its dihA’dro- 
chloride, 1358. 

•^-Chloroanilino-6-y-dimethylaminopropylamino>2-methyl-5-ethylpyrimidine, and its salts, 136<». 
Cj«Ht«N»Br 4-p-Bromoaiiilino-6-)3-diethylaminoethyiamino-2:5-dimethylpyrimidine, 1359. 

CisHgvOils 4-y-Diethylaminopropylamino-2-hydroxy-3-ethylquinoline, 908. 

4‘y-Diethylaminopropylaraino-6<methoxyquinaldine, dihydrochloride, 1 553. 

CjgHsfOsH Ethyl A"-benzyl-4-propylpiperidine-2-carboxylate, 224. 

CigHgTOaH Ethyl 3-(2-lL>enzamidoethyl)hexane-l-carboxylate, 223. 

2.Ainino-4-p-chlornsniiino-6-diethylammoethyU.mino-5-ethylpyrimi<line, 1363. 

C^AtOA 5-Acetamido-3-8'diethylaminoethylamino-o-xylene, 912, 

CitHsaOaMg .VA'''-DimethylhcxamethyIene<liamine-Ar-carboxydiethylamide-A"-earboxymorpholjdc, .3 1 s. 
CisHggOjNg A'-.V^-I>imethylhexamethylcnediamine-A^A’'-biscarboxydiethylami<le, 315. 
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Ci^iJKtlS 2>0-Aniliuo>a>methylvinyl)benzthiazole ethiodide, 958. 
2-0-Aiiilino-^-methylyin^I)benzthiazole ethiodide, 958. 

^•Benzylthioi ffovaleraldehyde dinitrophenylhydrazone, 1611. 
7«Acetamido>0-metfaylphenanthridine methosulpbatop 71. 

CiAiOjWSg 2>£thylbenzthiazole etho>p>toluenesulphonate» 958. 

Cl AaOBlfo l-Phenacyl-a>phenylethyldimethylammotuam bromide, rearrangement of, 03. 
CitEtaOellaS A'^-AcetylsulphaQil-a-vaniilylethylamide, 616 . 

CiBHasHiGS 2*y-Diethylaminopropylammo-4-p-chlorophenylthio-6-methylpyrimidine, 788. 
4.y.I>tethylammopropylamino-2>p-chlorophenylthio>6-methylpyrimidine, 788. 
4-y-Diethylaminopropylamino-6-p-ohlorophenylthio-2-methylpyrimidine, 789. 

CieHsaONaS 2-p-Dietbylaminoethyiaiiiino-4-p-methoxyphenyIthio-6-m6thylp3Timidine, 7 88. 

^-I>iethylaminoethylamino*2>p-methoxyphenyHhio.6-methyIpyrimidine, 788. 
CisHsvN^a Bi8.2-(3-ethyl-A*-thiazoline)-8*methylheptamethineyanine iodide, 962. 
CiAsOM 1 1 •Benzamidothioundecoamide, 1377. 


. 18 V 

CisHisOCIBrAs Phenyl-p-chlorophenyj-p-bromophenvlarsiuo oxide, 511. 

CiaHisOMBrMg Substance, from action of Orignard reagents on 3>acetyl-2-pheiivlpyrrocoline, 672. 
C.A.OA1S 4*Methyl-5-carbethoxymethylfchiazole-2-aTdehyde p-dimcthylaminoanil methiodide, 1402. 

Cjj, Group. * 

C19H12O3 2"-Methoxv<l:2-fKMizanthraquinone, 042. 
g.A.g 2'-Methoxy- 1:2- benzanthracene, and its picrate, 042. 

Ci9Hi 403 1';5 •l>imethoxy-3:4-benzfiuorenone, 226. 
l.p.ToluoylnaphthaJene*2-carboxylio acid, 765. 

2-(2'-]!5[othoxybonzo5d)-l-naphthoic acid, 042. 

CiaHiaOj l-p-MethvIbenzvlnaphthalene-2-carboxylic acid, 765. 

C,A.O. 2':5-Dim€*thoxv-l-pheiiylnaphthalenc-2 (or 3)-carboxylie iieid, 226. 

CiA.o, Acetoxyanhydroacctyljavanicin, 1 028. 

CiaBigOg Diacetyljavanicin, 1027. 

C.A4I, l-Anilino-5-aiiilo-l:5-dimethyM:3-pentadicne, hydrochloride, 061 . 

1 :3:3-Trimethyl-2-aniloethylideneindoUne, 959. 

2-(3-Biethylammopropylamino)-p-phenanthrolinc, hydrobromide, 1661. 

CiA,Nv 2-Amino-4-p-cyanoamUno-6-dietbylaminoethylamino-5-cthylpjrimidiMc, 1363. 

CisHaoOg 3(^);6(j8)-Dihydroxya2tiooholan-17-one, 814. 

CigHasH Benzyldi-n-hcxylamine, oxalate, 200. 

C19H41II Methyldi-n-nonylamino, hydrochloride, 200, 

?i-Propyldi-n-octylaminc, 200. 

19 ni 

Ci 9 Hii 0^3 4-Nitro*2'-o-iiitrul>enzamid<xliphenyl, 73. 

CigHiiNBrg 3-Bromo-O-p-bromophenvlphenanthridinc, 86. 

-Tetracyano-ay-diphenoxypropane, 83. 

4-Chloro-2-p-chloroanilino-7:8-benzoquinoluie, 906. 

CiAsO^a 7 -Amino-9-o-nitrophenylphenanthridine, 73. 

7-Amino-9-p-nitrophenylphenanthridine, 72. 

C19H13O3N3 3-Nitro-9-(6'-keto-r-methyl-l':6'-dihydro-3'-pyri<iyl)phenanthridinc, and its hydrochloride, 

1414. 

CigHisOsCl 2-Phcnyl-j3-naphthopyrylium perchlorate, 348. 

CitHiaNS 2-Mcthyl-ll:12-beiizthKjnaphthindole, and its picrate, 657. 

6-MethyI-ll:12-benzthionaphthindolo, and its dipicrate, 657. 

CiiHiiOH* 9-(6'-Keto.l'-mc.thvl-i':6'-dihydro-3'-pyridyl)phenanthridine, and its Halts, 1414. 

CiA^OSb lO-Phenyl-2-methylphenoxstibine, 7. 

CitHigOsS 2-Phenyl-6'-ethoxytnionaphtheno(2':3':5;6-)pyrylium hydroxide, kmUh, 340. 

CgJEliellaSg 5:5-l>i-n-propyl-2:4-dithiohydantoin, 683. 

CiiHieCLAs Phenyl-p-tolyl-p-chlorophenylarsine, and its hydroxy -pic rate, ."lOO. 

CiiHkOK 2-Hydroxy- l-naphthylmethylene-o-3-xylidine, 1047. 

5-Phenoxytetrahydroacridine, 636. 

CiiHivOgN l-Benzoyl-6-acetyI-2:3-dimethy]indole, 1633. 

1 2-Phenoxy-9-metho-xy-2:3-dihydro-/5-quinindene, 636. 

*(>-Acetoxy-3-(4'-nitro-2'-methoxyphenyl)-3:4-dihydrophthalazine-4-aeetie aeid, 464. 
CxtHieOioVg 3;4-I)iethylcarbonatoboiizaldehyde 2:4-dinitropheiiylhydrazoiie, 660. 

2:7-Diacetamido-9:10-dimethylphenanthridine, hydroc h loride, 72. 
2-Metnylammo-4;6-dibenzyloxyp3Tiimdine, 732. 

4-Met^'lamino-2:6-dibenzyloxypyrimidine, 732. 

Ci«HitO{ll5 4-Quanidino-2:6-dibenzyloxypyrimidme, and its picrate, 733. 

OiAfOA , Ethyl 1 -hydroxy -3-(4'-nitro-2'-methoxyphenyl)-3:4-dihydrophthalazinc-4-acetate, 464. 

Methyl l-keto*3-(4'-nitro-2'-methoxyphenyl)-2-methyltetrahydrophthalazine-4-Rcetatc, 464. 

CitHiaVaS 3-Methyl-2-dianilo^propylidenethiazolidine, 1440. 

CxtBtoOilfa Ethyl anilinovanillylcyanoac^tate, 617. 

CtAiOtHt S-Cyano-S’.S'rS'-triamidino-ay-diphenoxypropane, hydrochloride, 83. 

CiAiO^g 2:4-D|-p-anisidino-6-ethoxy-l:3:6-triazine, hydrochloride, 160. 

CiaBfdOwi l-Phenyloarbamyl-2:3-dimethyl-6-ethyUndoline, 1633. 

CiJStsOA 1 :3-l>ibenzamido-2:2-diiuethylpropane, 1502. 

CiAsOiiWg l-Tetra-acetyl-d-gluco8idoglyoxafine-4;6-dicarboxy amide, 380. 

CitHicO^ 9t-Pro|^]-n'butylcarbinyl a-naphthylurethane, 751. 

Ci«Hm]IsG iV'-p-Chlorophenyl-^V'-^-diethylaminoethylaininophenylguanidineM, 916. 
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Ci«H^ 02N4 2-y-I>iethylaminopropylamino‘4-p-in6thoX3rphenoxy-6-]n0tliylpyri]mdi]:ke, and its dipierate, 

CxAiNsCl 4.p •Chloroanilmo-6>j3-diethylammoetliylai&ino-2-methyl>5-ethylpyrimidma5 and its dihydro- 
chloride, 1360. 

^-Chloroanilino-6-v-diethylaminopropylamino-2:6-dimethylpynmidine, and its dihydrochloride, 1359. 
CiAfOlfs 4'p-Anisidino-6-|3-diethylaininoethyla]iBdno-2:5-dimethylpyrimidine, and its dihydro<^loride, 
1359. 

4||p-Ani8idino*6-y-diiKiethyla]mnopropylamino«2-methyl-5-ethylpyrimidine, 1361 . 

Ci0HmII«CI 1 2- Ammo-4-p-chloroaniUiio-6-diethylasiinopropylamino>5-ethylpyrimidine, 1 363. 
c,A«oji Z4rans-3-Methylcyc2ohexyl 2-menthylaminoaoetate, sulphate of, 207. 

CitHssOiHi iV’i!)r'*Di-(2-ethoxyethyl)ethy]enediaiiiine>-iSr-carboxydimethylamide>A'^^-carboxypiperidide, 318. 
OisHstOlf l-Acetamidoheptadeoane, 190. 


19 IV 

3:6>DichlorO'9-beiizoylcarbazole, 939. 

2-p<Chloroanilino-2-hydroxypermaphthindane>l:3-dionc, 1 30. 

SiAsQtoa 5 •J3romo-2-p-bromobenzamidodiphenyl, 86. 

OiiHiaOaWS 3-Aoetoxy-2-2'-quinolyithionaphthen, 1577. 

OiaBiaOilBr 2‘p-Bromobenzamidodiphenyl, 86. 

CiaHiaOlfoSb 10*p-Bromophenyl'2<inethylphenoxBtibine, 8. 

Ci»Hi«OOLSb 10-Phenyl-2-methylphenpx8tibin6 dichloride, 7. 

CiaHifOOlAs Fhenyl-p-tolyl-p-ohlorophenylarsine oxide, 509. 

C^isHMOaNgSa 4- Amino-2'>A-benzene8ulphonyloarbainyldiphenayl sulphide, perchlorate, 1232. 
GiaHnOaNaCi Ethyl 4-ohloro-(8^-methyl-6'-qumolyl)anthranilate, 681. 

OitHifOiNsS 4-( A- Aoetyl8ulphanilamido)-2-(p-nitrophenyl)-6-methyI-3*pyridazone, 553. 

4-(A-Acetylsulphanilamido)-2«phenyb6-methyl-3*pyridazone, 552. 

OxaHttOsN^ Ethyl 4:6-diacetoxy-3-p-nitropheny]thio-2-methyfpyridine-5>carboxy1ate, .54. 
CttHxtOgNSt 3-(2'-p-Toluene8ulphonyloarbamylphenyl-l'-thio)pentane-2:4-dione, 1576. 
Cx«HtfNaISa Bis-2-(3-ethyl-A*-thiazoUiie)>/33-dimethylheptamethincyanine iodide, 962. 
CitH|40^^ 5-n-Hexoamxdo«4-carbethoxy*2-benzylthiazole, hydrochloride, 1596. 

0itHfsON4B 2-y-l>lethylaminopropylamino<4>p-methoxyphenylthio-6-methylpyrimidine, 788. 

^•Diethylaminopropylamiilo-2-p-methoxyphonylthio-6-inethylpyrimidine, 788. 
OiaAsAOsNsS 10-(p-Aoetainidobenzene8utphonamido)decyl cyanide, 1371. 


C20 Group. 

CtoH4406 2';5-Dimethoxy-l-phenylnaphthalene-2:3-dioarboxylic anhydride, 226. 

CtoHx4Ma I Azonaphthalene, reduction of, 77. 

OtoHicO 9-m-ToIylxanthen, 1000. 

OioHieOa O-m-Tolylxanthhydrol, 1000. 

g.A<Ma Bi8-2-(6-phenylp^role)azamethin, salts, 1200. 

C«oHi 804 Methyl 2':5-dimethoxy-l-phenylnaphthalene-2(or 3)-oarboxylate, 226. 

Cs<3isO« 2:5*IMbenzoyl l:4-3:6-dianhydro*d-iditol, 1404. 

2:5-l>i benzoyl dianhydro-l-iditol, 1404. 

C2oHit07 4'-Acetoxy-3;5:7-trimethoxyflavone, 123. 

CaoHsiNy 7-PiT>eridino>4-phenyl-2-methyM:8-naphthyridine, 1410. 
5:6-l)imothoxy-3-voratryl-2-methylhydrindone, 951. 

Ethyl a/3-di-p-iiiethoxypheuylaoetoaoetate, 1698. 

4-Keto-6:7-dimethoxy'l >veratryl-l:2:3:4-tetrahydronaphthalene, 951 . 

C«oH |404 Ditsocugenol, structure of, 948. 

5:6-l>imethoxy>3-veratryl-2-methylhydrindene, 951 . 
6:7-Bimethoxy-l-veratryl-l:2:3:4-tetrahydronaphthalexie, 951 . 

CaoHs40« j9^-PiTCH>atryl-a>methylpropionic acid, 951. 

0|(^44Bra 2:a;-l>ibromo-3:4-di<feri.-butylaoenaphthene, 745. 
g»H.^ 2-Bromo-3:4-dMer<.-butylacenaphthene, 745. 

4-(Qttinolylamino)-2>/}-diethylaminoothylaxiiino*6>iuethylpyrimidiaes, 1617, 1619. 
2<Amino-3:4-di-eert.-butylacenaphthene, 744. 

A’Ar^Diphenyl-A'A''-diisoprop^ethylenediamine, 310. 

5(or 2}-Mercapto-l:2:6-trimethylhoptyl 4-methyM-t>opropylhex-4-enyl sulphide or l:5-diinethyU 
l-ethylliex-4-etiyl sulphide, 1539. 

0«oH4s& Bihydromyreene bis(»soamyl sulphide)* 40. 

bydroohloxide, 200. 


S**5**?® 

CtoH4iSj 


hyldi-n-nonylamine, hydrochloride, 200. 


SO m 

CtAiOJS, 3:6<Diuitro-l:2:7:8-dibenzocHrbazole, 77. 

3:6-I>iohloro-l:2:7:8-dibenzooarbazo]e, 78. 

Os^isOiMa 6-Nttronaphtha]ene-2:l'-azo-6'>nitro-2'-iiaphthol, 331. 

3:3'*DiHitro*4;4^dihydroxy-l:l '-dinaphthyl, 1574. 

OtoHisVAra l:l"-Dibromo-2:2'-azonaphthalene, 1392. 

CaoBjaOxIt 3:4*Dipbenylcinnoline jV-oxide, 1651. 

3-Fh6i^'l-4^-hydroxy phenyklnnoUne, 1B51 . 

CaJBi 40 tlla Bi6-3-i2-keto-5-pheiiyl-2*.3-dihydropyrrQly]xdene), 1199. 

Oa 3 u 04 H 4 3:3'-l)toitro-4:4^«diammo«l:l'-dinaphthyi, 157$. 

l:l^l>ichloro-2:2'-diammo*3:3'-dinaphthyl, and its dihydrochloride, 1391. 
l:F>2>ibroxxio>2:2'-diamino-3:3^-dinaphthyl, and its dihydrochloride, 1392. 
1 •Bromo-2-naphthaleneazo*/3-naphthylaiiiine, 1391 . 

Ct«Ri^4Cl4 2:4-Bi8-p<chlozoaiillinoquiiiazo]uie, 780. 
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CsoHisONs Acetamido-9-(3'*pyridyl)phenanthridine8, 1415. 

CsoHi!i08i& 10-p-Carboxyphenyl-2-methylphenox8tibine, 9. 

C20H15O4K 2':5-I>imethoxy-] •piienylnaphthalene-2:3-dioarboxylmide, 227. 

CaoHuOaCl 2-m-Methoxyphenyl-jS-naphthopyt7lium perchlorate, 1348. 

C.A.OjH, 6 -Nitro-l-hyfcndenol j3-naphtnyliirethane, 95. 

C20H17ON 3:5-Diphenyl-2-(but-r-en-3'-onyl)pyrrole, 1631. 

Hex-2-en-4-yne-l:6-cllyl bisphenylurothane, 1688. 

CI,A.N,C1 7-Amino-9-o-axiLinophenyl-10-methylphenanthri(liniiim chloride, 74. 

OaoHisClAs Di-p-tolybp-chlorophenylarsine, 513. 

CaoHitON 3-(o.3-Xylidino-4:5-benzocoumaran, 1047. 

3-(w-4-Xylidino)-4:6-benzocoumaraii, 1047. 

3- (i><XyIidmo)-4:5-b6nzocoumaran, 1047. 

5-Benzimido-l -benzoyl“2:2-dimethylpyrrolidine, 1510. 

Non-2-en-4-yn*l-yl a-naphthylurethane, 1585. 

CaoHaiOsKs 2-Dimethylamino-4:6-dibenzyloxypyrimidine, and its picratc, 732. 

4- I)imethylamino-2:6-dibenzyloxypyrimidine, 732. 

CaoHaiOaBr 2-Bromo-3:4>di4eH.-butylacenaphthenequinoiie, 745. 

CaoHaiOaBr 3-Bromo-4:5-di-^er<.-butylnaphthalio anhydride, 745. 

CaoHaiOaNa 2:7-Dicarbethoxyamino-9-methylphenanthridine, 71. 

CaoHaiOsN 3*Nitro-4:5*di4er^.*butylnaphthalio anhydride. 744. 

CaoHaiNgS 3-Ethyl-2-dianiloiVopropylidenethiazolidine, 1440. 

CaoHaaOaNa 3-Nitro-4:5-di’ter<.-butylnaphthalimide, 745. 

CaoHaaO.N4 0-Pioryl -A^-hexovanillylamide, 615. 

CaoHaal^al 4-p*I>imethylamino8tyryl-l -ethylcinnolinium iodide. 811. 

CaoHasOaNa 2>Phthalimido-3:6-di-«ec.-butylpyrazine, 377. 

CaoHaaOaN 5;6-I)imethoxy-3-veratryl-2-methylhydrindone oxime, 951. 

CaoHaaOfiNa 2-Acetamido-4:4'^-dioarbethoxyaminodiphenyl, 71. 

CaoHaiOaNa 2:4-Dibenzamido-2-methylpentane, 1398. 

-VA ^-2:4-Dibenzamido-2-methylpentan©, 1491 . 

C20H24O4N2 2:7-I)initro-3:4-di-fcH.-butylacenaphthone, 744. 

CaoHasOaN 2 •Nitro-3:4>di-^.r^.>bntylaoenaphthene, 7 44. 

CaoHasOaN Diethylaminoethyl benzilate, 60. 

CaoHa&^a^a 2-Phthalamido-3:6>di-«ec.-butylpyrazin6, 377. 

CaoHasOaBr p-Bromophenacyl l-cyo?ohexyl]^nt-l-ene-l-carboxylate, 772. 

CaoHa50sN3 ^ -lonone 2:4<dinitTophenylsemicarbazone, 1390. 

CaoHs-jNfiBr 4-(6'-Bromo-8'-qulnolylamino)-2-/5-diethylaminoethylamino*6-mcthylpyrimidino, and its di- 
hydrochloride, 1619. 

C2oHa40aN4 Hexamethylenedibenzamidoxime, 968. 

CaoHavOaN 2;9-Diketo-4-methyl-6-/5-diethylaminoethyl-6:7-beuzo6tcf/cio[3:3:l]nonane, 400. 

CaoHa703Br p-Bromophenaoyl l-cyclohoxylpentane-l-carboxylate, 772. 

CaoHaaNaCl 4'-Chloro-3-/3-diethylaininoethylamino-4:5-dimethyldiphcnylamine, and its di-p-toluenesulph- 
onate, 913. 

CaoHaaONs *V -p-Methoxyphenyl-AT'-p-jS-diethylaminoethylaminophenylguanidine, 916. 

CaoB[3o04N4 2*9t>Heptylidene-7i-heptaldehyde dinitrophenylbydrazone, 966. 

CaoHaoNaCl 4.p -ChloroaniIino-6-S-diethylainino-a-methylbutylamino-2-methylpyriiiiidine, dipicrate, 1357. 
4-^-Chloroanilino-6- y-diethyIaminopropylamino-2-methyl-5-ethylpyriinidine, and its dioydroohloride, 
1361. 

C20H31ON3 4-8-Diethylamiiio-a-iiiethylbutylamino-6<methoxyquinaldine, and its dihydrobromide, 1663. 
CaoHaxONa 4-p-Anisidino-6-i3-diethylaminoethylamino-2>metb>l-5>ethylpyrimidine, dihydroohloride, 1361 . 
CaoHaxNTCHa 2-Chloro-4-p-chloroanilino-6-ay-bi8diethylamino»>opropylamino-l:3:5-triazine, and its hydro- 
chloride, 159. 

C2(>H3aN8Cl 2-Amino-4-p-chloroanilino-6-ay-bi8diethylamino»«opropylamino-l:3;5-triazinc, 159. 


20 nr 


CaoHxxOaNCla 3:6-Dichlorocarbazole-9-phthaloJylic a<4d, 939. 

O.JB.. OHjB t .1 -Bromo*2-naphthaleneazo-/3-naphthol, 1391 . 

CaoHxiONSb lO-p-Cyanophenyl-2-inethylphenoxHtibinc, 8. 

CaoHt40N3Cl 2.p. Chloroanilino-4-plienoxyquinazolme, 780. 

CioHi60N3Sa 2-Methylthio-4-phenylthiazole-5-azo-/9-naphthol, 1604. 

CaoHi50a(n4P6 2-in-Methoxyphenyl-)8-naphthopyrylium chloride, 348. 

CaoHxeNsClaBra Bis-2-(5-p-bromophenylpyrrole)azamethin dihydrochloride, 1200. 

OaoHieOaKada 4^:4''-]>ichloro-3-nitro-4:5-dimethyltripheny]amine, 913. 
c.A.ojr,a 7>A'mino-9-o-nitropheny]*10-methy]phenanthridinium chloride, 73. 

7-Amino-9-^-nitrophenyl-10-methylphenanthridiniuin chloride, 73. 

CaoHi701I*01 a-Anilinophenylaoet-p-ohloroanilide, 1044. 

CsoHifOaliaCla Bi8-2-(5-hydroxyphenylpyrrole)azamothin dihydrochlorides, 1200. 

CaoHieOaHaS^ 4-Amino-2'-A'-b6n2ene8Ulphonylcarbamyl-3-methyldiphenyl sulphide, and its perchlorate, 
1232. 


^Methylamino-2'- A’' -benzenesulphonylcarbamyldipheny 1 sulphide, 
]-Ar*-phenylamidine, 617. 


OtsBEa iB aOll 
CaAtOtKBt 


1232. 


Sulphanilylvanill- * ^ 

, Ar-Fhenyl-p-methylsulphonylbenzamidiniam benzenesulphonate, 394. 

6- and 7-Chloro-4-p-diinethylamino8ty^M-ethy]cinnoliniuin iodides, 811. 
3*Broiiio-4:5'di-terf. -butylnaphthaliinide, 746. 
9>Tetra-acetyl-d-mannopyranosido<2<methylthioadenine, 357 . 
Methyl-w-propylaminoethyl benzilate hydrochloride, 60. 
Trimethyl-2-hydroxyethyiammonium ic^de i^-dibenzylurethane, 180. ^ 
Ca4H2tON4d 2-S-l>iethylamino*a-methylbutylaniino-4-j>-chlorophenoxy-6<methylpyrimidine, 
4-3-Diethylamino-a-methylbutylamino-2-p-chlorophenoxy-6-methylpyrimidine, 788. 
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Ct AfOJBcS 2'(or 5')'Bromo-C-ethoxy-3':l'-di-(ert.-batyl-l:7'>t]uonaphtheBacenaphtiienylindigo, 746. 

24*Diethylammo-a-methylbutylammo-4*p-oliJk>rophenylthio-^-m6thjlpyrimidine» 7B8. 
4*y-Diethylainino-a>iiiethylbutylaiiiino-2*p-chiorophenylthio-6-methylpyriinidine, 788. 
4-^Dietl^lamiiio-a>methylbutylaiiiinO'6*p-chlorophenyltliio«2-methylpyrimidine» 789. 

C 2 oH 3 iOtllaBt 4*Methyb2*(a)>8ulphaiiilamidodecyl)tmazoie» 1377. 

80 V 

CsoH 2 sOaJl 2 l 8 3:4-Diin^thyl>5>carbetboxymcthyl>2>thiazolenyl*4-quinolylmethane methiodide, 1403. 
02 JtaxOAQKdB 3 [Bi6-2>(3<etbyl<A’‘>thiazolinc)][a/3'-diin6tbiii>2'><3'^‘ethyl-A*'>thiazoIine)]trimethincyaninedi> 
perchlorate, 1442. 


C2X Group. 


CaxHi. 1 ;1 :2-TriplienyIpropyleiio, 437. 

21 n 

Ca^nKs 3-C'yano-9-p-cyanophonylphenanthrjdine, 86, 

7-Cyauo-9-p-cyanopheaylphenanthridine, 86. 

C2 iHi 4K2 6-5fethyM:2:3:4<dibeii£phenazine, 440. 

CtiHitfOa 10*Acetoxy>6-methyl*l:2*benzanthraoene, 765. 

CaiHi«0* 1 -p- ToIiioylnaphthalene-2-carboxyUo acid acetoxv-lactoiie, 76.5. 

2- ( 2'-Methoxy benzoyl)* l^naphthoic acetoxy -lactone, 943. 

Methyl l':5*dimethoxy-3:4-1:^nzfluorenono4*carboxylate, 226. 

C2iHi7Na 7- Anilino-4-phenyl-2-m€thvl-l :8-naphthyridine, 1410. 

3- Amidino*9-p>amidinophenylphenanthridine, dihydrochloride, 87 . 

CaiHiaO 2^Methoxy-9: 10-dimethyl- l:2-1^nzanthraccne, 942. 

CaiHiaOa 2'-Methoxy-9:10-dimethyM:2-l)enzanthraeene oxide, 942. 

2^:9:10-Trimethoxv-1 :2-benzanthraoene, 942. 

CaAaH, 2:6-Di-p-amino8tyrylpyridine, 561 . 

CjiHaoO dM:l:2-Triphenylpropan-l-ol, 437. 

CaiHaoOg 2'-Methoxy-9:10-dihydrox3''-9:10-dimethyl-9:10-dihydro-l:2-l)enzanthracene, 942^ 

CaiHjoO* l-(o-Tolyl)-l:4-dihydronaphthaquinol diawtate, 1004. 

52i 5*®9* Javanicin leucoanhydrotriacetate, 1027. 

C21H21A* Phenyl-p-tolyl-p-ethylphenylarsine, and its hydroxy-picrate, 509. 

C2iH28K4 2 -(4-l5iethylamino-I -methylbutjdaminol-p-phenanthroline, tris-3:5-dinitro benzoate, 1661 . 

21 m 

C2iH|40gN8 2-('yano-.5.phenoxy-7-methoxyacridine, 639. 

S«5uOJi* 3-Nitro-6-methoxy*l:2:7:8*dibenzocarbazole, 78. 

C..HhOJ. 3:4:5:6 •Dibenzeyr/ohepta*! :3:5*trien-7 -one 2:4-dinitropheny Ihy drazone, 7 49. 

a/S-Hiphenyb/S-p-chlorophenylaorylonitrile, 642. 

CitHiftOH 9-Hydroxy-lO-anthraldehyde anil, 978. 

CsiHiiOaV 2-l;*henylcarbazolo(l':2':5:6)pyrylium hydroxide, salts, 349. 

CgiHgcOgNa 7*Acetamido-9-p<nitrophenylphenanthridine, 72. 

4-Nitro-l^- and -4'-methoxy>l;2'- and l:l'-azonaphthaienes, 78. 

CgiHisNS 4:6-Trimethylene-10:ll-benzthionaphthindole, 657. 

4:6-Trimethylcne-ll:'l2-benzthionaphthindole, and its dipicrate, 6i>7. 

C'ziHicONt 3*Amino-6>methoxy*l:2:7:8-dibenzocarbazole, nydrochloride, 78. 
2-Fhenoxy-4-phenyl-2-methyl-l :8-naphthyridine, 1410. 

4-Ph€^!-3>benzylcinnoUne A^-oxide, 1661. 

C.A.OA 3-rhenyl-4-p-anisylcmnoiine AT'Oxide, 1651. 

3:4;5;6-Dibenzcyciohepta-3 :6-dien-2-one 2:4*dinitrophenylhy drazone, 749. 

5aiHi70« 2 - Phen y 1-3 -p-methoxy pheny liudole, 1044 . 

CaiHitOj^ O-Benzoylvanillinanil, 616, 

CaiHpOaHg 2 - Amidoximino-5-phenoxy -7 -met boxy acridine, 639- 
Triacetyl-7-aminoquindoline, 610. 

TriaceWMl-aminoquindoline, 610. 

CgjfijaOaHg C>-Benzoylranill-A’^-phenylamidine, 617. 

CatHigOgNg Javanicin mono-2:4-dimtrophenyUiydrazoiie, 1028. 

40,11 .Styryimethyl carbinyl-a-naphthylurothane, 1096. 

CgtHitBfiF 2-Phenyl-2-p-bromophenyl-l:2:3:4-tetrahydrot«ophospliinolinium bromide, 1640. 

?ai5*®Q?* Phenyl p-methoxy benzyl ketone phenylhydrazone, 1044. 

CuBlggOH l:3:3-Trimethyb2-(3'-benzoylaUyUdene)dihydroindoie, 1630. 

C,xHuO,P 2-Phenyi-2-p-hydroxvphenyl-l:2:3:4-tetrahydrot8opboBphinolinium hydroxide, salts of, 1641. 
C,xBuO,Sb Trianisyletibines, 1569. 

CtiHax04ll, 8-y-Phthalamidopn>pylalnino-6-methoxyquinoline, 1337. 

C,iH,xllf8 4-Methyl-3-ethyl-2-dianiloi«opropylidene-A^-tbiazoline, 1440. 

C,|HmCv 4 neoiStrychnine, preparation of, 78. 

CaiHtaOall, OxodibydroMcoatrychnine, and its hydrobromide, 1556. 

AfoStrychnine A'-oxidc» and its benzoate, 80. 

C'aiHgaOx^i 0-2:4:6-Trinitrobenzoyl-Ar-hexoTanillylamide, 615. 

Csjfi^04il8 2:7-l>icarbetboxyammo-9:10-dimethylphenanthridine, -salts, 72, 
0-l>initrobeiizoyl-A"-hexovanUlylaiiiide8, 615. 

Dihenzoyltrimethylhexaby dropyrirnkUne, 1 398. 
l-lnet^laiiitiioliex-4-eii-2-yn-6-yl a-naphthylnrethane, 1579. 

CtiSE,404ll| 3-Nitro-4:6-di-ter(.-butylnaphtha-Ar-iiiethyliiiiide, 745. 

C,xR,40,llt O-p-Nitrobenzoyl-JV-hexoTanillylamide, 615. 

O^-Nitroaalieyl-AT-hexoTaniUyiamide, 615. 

CsiKssOk, 4-/3-Dietbylaminoethylamino-2-phenoxyquiiioUne, 909. 
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C^jHtftOslI Piperidinoethyl benzilate, 60* 

CaiBsiOiH O-Benzoyl-^^-hesovanillylamide, 615. 

o,A50jr6 Cit^lideneorotonaldehyde 2:4-dmitrophetiylsemicarbazoiie, 1 500. 

C|iBscV«Cl 4>jp-Ohloroanilino>2-/3odiethylaininoethylaminoquinoline, and its dih^'driodide^ 905. 

CtiHt ACl 2>Amino-4-p-chloroaniUno>6'dimethylaminopropylamino>5-phcnylpy rimidine, 1 363. 

CjiHa A®* 2;4-Di*p*chloroanilino-6-jS-diethylaminoethylamino-l :3:5-triazino, dihydrochloride, 1 59. 
Cgil^OA A'i\^'-2:4>l>ibenzamido>2:3-diinethylpentane, 1401. 

CsiHmOxJIs Methyl l«tetra>acetyl-d-gluooeidoglyoxaline*4:5-dicarbox3date. 380. 

CiiHt70A 7-l>imethylamino-)3)3*dimethylpropyl benzilate, 60. 

CaiHaaOnA 4-(8'-Methoxy-6'-qumolylamino)-2-/5-dieth5daminoethylamino-6-methylpyrimidine, an<l its tri< 
Wdroohloride, 1619. 

CaiHsoOA l:3-(pp'*Bisaceta]nidomethyldiphenoxy)propane, 1454. 

CaiB^iCni^ 3-)8-I^thylaminoethylamino-4'-methoxy.4:6-dimethvldiphenylamine, 914. 

4*p-Chloroanilino*6-8*diethylamino*a*methylbutyIamino>2:5>dimethylpyrimidme^ 1359. 
CaAsOaB Nonoxynonylurethane, 967. 

21 IV 

2:4:6:8 -Tetranitro- 1 :5>di-nt-nitrobenzeiiesulphonaniidf% 8 1 . 

CtiH t«Ofllf(n Ethyl 4-chloro-2-phthalimidobenzoylacetoacetate, 235. 

CaiHiTONS 2-Benzylmethylaminothioxanthone, 1233. 

CaiHigOjIfCl p-Chloro8t5"rylmethylcarbinyl-a-naphth3'lurethane, 1095. 

CaiHigOgHBr p-Bromost^^rylmethylcarbiiijd-a-naphthylurethane, 1005. 

CgiHigOgNF p-FhiorostyryimethylcarbinyJ-a-naphthyiurethane, 1 095. 

CaiHigONjCI o-p-Toluidinophenylacet-p-chloroanilide, 1044. 

CgiHigOgNS 4-Bciizy]methylamino-2'>carboxydiphenyl sulphides, 1232. 

C'2iHig05NSg 4*Beiizylmethylamino-2^>carboxydiphenyl sulphide 3‘8ulphoni<‘ lu-icl, 1233. 

Cgi SUgOBrP 2-Phenyl-2-p-bromophenyl-l:2:3:4*tetrahydroi«ophosphinolinium h^rdroxide, salts of, 1641. 

2-Phe^l-2-p-hydroxyphenyl-l:2:3:4-tetrahydroi>opho8phinolinium bromide, 1641 . 

CaiHaoOgliaSa 4-i>imethylamino-2'-iV’-benzene8ulphonylcarl)amyldiphen3d siilphidis 1231. 

4-Ethylamino-2'*jyr-beiizeneHulphonylcarbamyldiphenyl Hulphide, 1 232. 

CaiHgiOgClgSb Trianisylstibine dichlorides, 1570. 

CstHgjtOgBtgSb Trianisylstibine dibromides, 1570. 

CtiBlgiOgUb Trianisylstibine di-iodides, 1570. 

Bi benzyl iV-methylanilinophosplionate, 677. 

Dil^n^l p-toluidinophosphonate, 677. 

3-Nitro-l :5-di-p-tolyl8ulphonyl-3-ethylpontan<‘, 1 51 0. 

CgiHgoONsS 4-Methvl-2-(<a'benzamid(^ecyl)thiazo]e, 1377. 

CgiHa. OK4S 2-3-I)iethylaraino.a.methylbutylamino-4-^-metlioxyphenylthjo.6-metliylpyrimidino, 788. 

21 V 

C^iHisNgClglSg Bi8-2-(5-chloro-3-cthylbenzthiazole)trimethineyaiiinc iodide, 957. 


C22 Group. 

C22H|4 l:2:5:6-l)i benzanthracene, crystal structure of, 1001. 

22 n 

CggHi A 7-Benzylideneaminoquindoline, 61tK 
CggHnB ^)3-I)iphenyl-a-p-tolylacrylonitrile, 642. 

CgAsOg ^)5-Diphenyl-a-p-tolylacrylic acid, 642. 

CggHgoOg Ilimethyl 2':5-dimethoxy-l -phenyl naphthalene'2:3-dicarboxylate, 226. 

CgAiOg 6;7-Dimethoxy-l-veratryl-2-methyM:2-dihydronapfathalene-3-earboxylic acid, 951 . 
CggHggOg 5:6-Dimethoxy-3-veratryl-2-methyl-l-ethylindene, 951. 

CggHggOg 6;7-I)imethoxy.l-veratryl-2-methyl-l:2;3;4-totrahydronaphtliaIenc-3-carboxylic acid, 951 . 
CggHggOg 5:6-Dimethoxy-3-veratryl*2-methyl'] -ethylhydrindeiie, 951 . 

2:3:6:7-Tetramethoxy-9:10-diethyl-9:10-dihydroanthracene, 950. 

C2aH3oS2 Bihydromyreene bi8(phenyl sulphide), 40. 

C22&l3gNg 2:4-Bi8-(y-diethylaminopropylamino)quinazuline, anil its tripicrate, 777. 

22 in 

CtA^ON, 7-Cy ano-9-p-cyanophenyl-lO-methylphenanthridinium hydroxide, salts, 87. 

CgiHigOAa 7-Aoetainido-9-o-nitrophenylphenanthridine, 73. 

CggHisBcl /5-Phenyl-/5-p-chlorophenyl-a-/»-tolvlaervlonitrile, 643. 

C^AtON cia- and <mn«-a)3-Diphenyl-/3-p-anisylacrylonitrUes, 643. 

2- Met hoxy • 1 -naphthylmethylene-a-naphthylamine, 1047. 

3- (a-and /l-Naphthylamino)-4:5-benzoooumarans, 1047. 

C,A,OJ| s. Phenyfp6nt-2-en-4-yn-tyl a-naphthylurethane, 1585. 

CtArOjr 3 •0-4'-Beiizoyloxy-3'-methoxyphenylindole, 1695. 

CggHifOA 7-Oarbethoxyamino-9-o-nitrophenylphenanthridine, 73. 

7 -CaroethoxyamiQo-9-p-nitrophenylphenanthridine, 7 2. 

CggHirOA 8-Nitro.l:5«dimethoxynaphthaleneazo-i3-naphtho], 354. 

Cg A7O4I » 2-(2':4'-l>ijiitrophenylamino)a>alndo]inono-3-acetani]ide, 832. 
l-HTdroxy-3-(2':4'-dtaitfC]^en.yl>-3:4-dihydrophthaUzme-4-acetanilide, 833. 
2:^*^l*P‘Chloroanilino.3-iiiethylqainoline, 908. 

CggHisOA a^-Bis>o-methoxyquinolyl(4)ethylene, 16^. 

^gBiaOgHg l:5-Dimethoxynaphthaleii6azo-j$-naphthol, 354. 

C»jHi®OA 7*AcetRmido-9-o-nitrophenyl-10-methyIphonanthridine, meifaosulphate, 73. 
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CatHi^V o/J-Diphenyl-jS-p-tolylaorylaiiude, 642. 
j3^-l)ipli6nyl*a-j>>tolylacrylamide, 642 . 

2-Ph6i^l-3-p>methoxyphenyl«5>metiiyIindole, 1044. 

e<a- and iran^-ojS-lHphenyl-jS-p^anisylacrylamides, 643. 

OnHifOaSb 10-|>-0arbethoxyphenyl-2-iiiethylphenoxstibine, 8. 

CatHifOaSI Phenyl a-(o-oarDoxyanilino)*p-methoxybenzyl ketone. 1044. 

CaaHiaOsHs 2>o-!Nitrobenzaniido-4^oarbethoxvammodtphenyl, 73. 
^-Kitrob6nzamido>4'*carbothoxyaminodiphenyl, 72. 

CaiAoNiOl 7>Amidino>9-p-aiiiulinoph6nyl-10-mdthylphenanthridinium chloride, and its dihydrochloride, 87. 
OitBtiOill Methyletyrylmethylcarbinylnaphthylurethanes, 1094. 

C'aaHaiC^ p-Methoxystyrylmethylcarbinyl-a-naphthylurethane, 1096. 

Bi8-2-(6-p-tolylpyrrole)azamethin dinydroohloride, 1200. 

C»aaH*aO*|l 1 :3 :3-Trimethyl-2-(3 '-m-methoxy benzoylallylidene)dihydromdole, 1630 . 

CaaHtaOgCIs 1 : 1 : l-Trichloro-2:2-di'(4>cu-car1:^thoxyniethoxyphenyl)ethane, 849 . 

&A. 01 S, 3-Nitro-4-piperidino-l:2*diphenyl-n*butylcyaniae, 1508. 
l:l-Di(benzamidomethyl)cyclohexane, 1519. 
jOiTOttzoyl deiirative of a>ethyl*a-a<butylacetaxnidine, 741. 

CngMOtN, jS/} •N -(6)-Hydr oxy methyldihydroneostry ohnine, 1559. 

7-Chloro-2-p-chloroanilino>4-y-diethylammopropylamiiioquinolme, 908. 

Ot 9 Hs 70 aN 2*X)imethylaminoeyclohcxyl benzilate, and its salts, 167. 

c**’5*9 2-p-Chloroanilino-4<y-diethylaminopropylaminoquinolinc, and its dihydrochloride, 905. 
C2A7N«01 2-Amino-4>p-chloroanilino-6>diethyiammoethylamino-5>phenylpyrimidine, 1363. 

!^-Ohlorophenylguanidino-4>/3-diethylaininoethylaminoquiiio]ine, 909. 

(«ss%»ON 2>Aoetamido-3:4-di-f€r/.-butylaoenaphthene, 744. 

4-Diethylamino-2*butyl benzilate, and its salts, 166. 

CaaHsaOsN 2-Koto-l -/S-diethylamino*! -/5.carbethoxyi.Hopropyl-l:2:3:4-tetrahydronaphthalene, 400. 

22 IV 

CaaHiaOicNgSx 2:4;6:8-"retranitro-l:5-di-m-nitrobenzeneBulphoiiamidonaphthalenc, 81 . 

CaaHjaOHCn ^•Phenyl-)3-p-chiorophenyl*a*p*tolylacrylamiae, 643. 

CaaHiaONal 3-Phenyl-4>p>hydroxyphenylcinnoline ethiodide, 1654. 

CaaHaaONaAs 2‘Hydroxynaphthalene-l •azo>p-phenylbis-2-cyanoethylarBine, 621 . 

C«iH[|oOI|kC 1 7-AoetamiuO'9-o<aminophenyl-10-inethylph6nanthridinium chloride, 73. 

CftHaiOaKa^s Bis«2>(5-methoxyphenylpyrrole)azamethin dihydrochlorides, 1200. 

4:6<Bi6-p-acetamiaophenyisulphonyl<2-meth\dpyridine, 55. 

CaaHaaOBrr Phenyl-p-bromophenyl-2-(o-methoxymethylphenyl)ethylpho8phiiie, 1640. 

CtsHaaOJfjBa 4-Methylethylaniino-2'-^-benzonestilphonylcarbamyldiphenyl sulphide, 1232. 

CaaHgaOMCS 2-l)imethylaiiiinoc9rclohexyidiphenylchioroaoetate, hydrochloride, 167. 

OaaHaeH 2-^Chlorophenylthioiireiao-4-j5-diethylaminoethylaminoquinoline, 909. 

CaaHatOaNCl 4-Diethylamino-2-butyl diphenylohloroacetate, hydrochloride, 166. 

CaaHaaNgdS 2-y-I)i-».butylaminopropylamino-4-p-chlorophenylthio-6-methvlpyrimidine, and its dipicrate, 
788. 

CaaHssOaHaSa 4-Methyl*2>(4(i-acetyl8ulphanilamklo<lecyl)thiazo]e, 1377. 

CaaHaaOaHaS .V‘(p-AminobenzeneBulphonyl)-a*ethyl-a-«*butyl*a-«cc.-oetylacetamidine, 742. 


C23 Group. 

CasHiaS 9>a-Naphthylthio.xanthen, 999. 

CtaHiaOg 9:10«Dihydroxyphenanthrene 2:4-dimethoxyphe!iylhydroxymethylene ether, 1000. 

CiaHigO# <u*Methoxy-2:4<dibenzoylre8acetophenone, 1683. 

OtaHtgOa 2':9;10-Trimethoxy-9:10-diinethyl*9:10-dihydro-l :2-benzanthraceue, 942. 

CaaHaaOa Ethyl a-(2-methoxy-3;5>diiiiethylbeiizoyi)butane‘j3y-tricarboxylate, 538. 

28 m 

CsaHiaCMS 9-a*Naphthylthioxanthhydrol, 999. 

CfaHiaOaKs 4'.Nitro-l:2'-dimethoxy-S-pl»enyl-4*(2'';4''-dinitrobenzyUdeiie)-3:4-dihydrophthalazine, 467. 
and tra?ia'a/3*l>iphenyl-^-3:4-dimetboxyphenylacrylonitrile8, 643. 
/9*Phei^l-a)3-di-p-ani8ylaorylonitrile, 643. 

Oa^iaOgNa 7-Carbethoxyamino-9-p>nitropli6nyblO-methylphenanthridine, salts, 72. 

2:4 .Di.p.chloroanilino-3-ethylquinoUne, 909. 

CaaBaeOgMa 7«C'arbethoxyamino*9-o*mtrophenyblO-itiethylphenanthridine, methosulxdiate, 73. 
OtaBae^aSa 2:4«l>ithio-5*plienybl:3*dibenzylhydaiEtoin, and its hydrochloride, 1607. 

OgaBiiOaN a<^>Diphenyl-/}«3;4>dimethoxyphenylacrylamide, 643. 

irans-fi- Phenyl-ajS'di-p-anisylaorylamide, 643. 

CaaH|glIgQl« 2:8>l>iohloro>5>(y« batylamiiiopropylamino)<3:4:2^3^>pyridoacridine, 680. 

2:8-Dichioro-5-(y<diethylaminopropylamino)>3:4:2^:3'>pyridoacridine, 680. 

CtaBisOaP Phenyl-p.anisyb2*(o-methoxymethylphenyl)ethylpho8pliine, 1641. 

CaaBtiMgCl 2. Chioro>5*(y>diethylaminc»^pylamlno)-3:4:2':3'-pyridoaoHdine, 680. 

CaaBiaOg)Vt fi^Bruoine, preparation of, and its methosulphal^ 80. 

CaaBtaOgHa neoBruoine A-oxide, 80. 

OaaBatOg^ Oxodihydromethoxymethyldihydroaeostrvchnine, 1555. 

4-p-Chloroanilmo-6-j3-diethylaiiunoethylaiiiino*5-pheiiyl-2*methylpyrimidine, 1361. 
OmHuOJI a- and B-4«BenEUyloxy-l:2:2:6-tetraBiethylidperidineB, 60. 

2-P •Chloroanilino^<y«diethy]aiiiinopropylaiBinc»-3<methylqiiin<^e, p^chlorate, 908. 
CtsBaallf^ 2-Amiiio*4-p-ehloroaniliiio-6-diethyiaiiiiii0pfop3rlamino*5>phenylpyrimidine, 1363. 

2^Cliloropbeny]guanlcUiio-4-y*diethylaiiiinopropylaiiiinoquiiioIine, 909, 

OgaOMOaHa lKbenzoylamiiiotMpropylamino-2*iiiethylpentane, 1398. 

GtAgOgHa l:5>(pp'-Bi8aoetamMioiiietliyldipiienoxv)pentaiie, 1454. 
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83 xn— 24 IV 


4'. Ohloro-3*(8-diethylamino-a*methyl-«-butylamino)-4;o-dimethyldiphenylamme, 913. 
C*jH 4 »OaJl 8 .^.^'-Di-(2-ethoxyethyl)ethylenediamine*iV^-oarboxy(ethyl-2«ethoxyethyl)amide-iV^'.carboxy- 
piperidide, 318. 

28 IV 

CaaH^OaNjg Bi8-3-(2-methoxy-5-phenylpyri*ole)methin hydrochloride, 1 195. 

CaaHaiOiNeOl 2-jp-Cldoroanilino-4:6-di<p-ani8idmo-l:3:5-triazino, hydrochloride, 160. 

CnHaiOsNsSs 6-Nitro-2>/3-anilinoTmylbenzthiazole metho-^-toluenesulphonate, 957. 

Cj^aiOvNaS 7-Acetainido-9-p-nitrophenyM0>methylphenanthridiniuin methosulphatc, 72. 

C 8 aH 8 i 07 ll 4 As Diphenylinethyb2'Cvano*n-propylar8onium picrate, 622. 

CasHiiNtCl^a Bi8-2-(5-ohloro>3-ethylbenzthiazole)pentamethincyanine iodide, 1443. 

7-Oarbethoxyamino-9*o>aminophenyMO-methylphenaiithridinium chloride, 73. 
7'Carbethoxyamino-9>p-aminophcnyl-10-methylphenanthridinium chloride, 73. 

CaaBaaOaBrP 2-Phenyl-2*jp-acetoxyphenyM;2:3:4-tetrahydro?>opho8phinolinium bromide, 1641 . 
CMHasOfiNsS 7>Aoetamido>9-p*aminophenyMO-methylphenanthridinium methosulphate, 73. 

CaaHMOeNaS iV'^-Acetylsulphanilyl-O-acetylvanill-jV^-phenylamidine, 617. 

7-Carbetnoxy>4-p-dimethylaminnostyTyl-l*ethylcmiiolinium iodide, 811. 

CmHuN sCw 2-p-Chlorophenylthioureido-4-y-diethylamitiopropylaminoq uinoUne, 909. 

CaaHaeONiS 2-y-Di-n-butylaminopropylamino-4-p-methoxyphenylthio-6-methyIpyrimidine, and its di- 
picrate, 788. 

23 V 

CgsHasOBrlP Phonyl-p-bromopheiiyl-2-(o-methoxj'methylphcnyl)cthylplioHpliine methiodide, 1640. 


C24 Group. 

C 24 Hi 804 l)eca-2:8-dien-4:6-diyne-l:10-diyl dibenzoate, 1589. 

CaiHaoOs 9:10-I)ihydroxyphenanthrene cuminylhydroxymethylene ether, 1000. 

CaaHaaOa 6-Methoxy-2;3-di-p-methoxyphenylindene, 1697. 

CaaHavNa Tris(benzylmethyleneimine), methiodide, 1118. 

CaaHaaOa Diacetyl guaiaretio acid, 950. 

C 24 H 30 O 6 Diacetyl dihydroguaiaretic acid, 950. 

Ca 4 H 4 o 04 3(j8):6(j8)-Dihydroxycholanic acid, 814. 

24 m 

Ca 4 Hi 7 N 3 Sa Azamefchiu[2-(4-phenylthiazole)][2-(3:4-diphenvl*2:3-dihvdrothinzole) j, a nd its dihydro bromide, 
1658. 

C24Hi80eN4 3:3' -Dinitro-4:4'-diacetamido-l:l'-dinaphthyl, 1573. 

4:4'-Dinitro- 1 ; 1 '-diacetamido- 1 : 1 '-dina pht hyl, 1574. 

C 24 HjaOiaN 4 Deca-4:6-diyne-2:9-diol bis-3:5-dinitrobenzoate, 1582. 

C 24 HX 8 CIAS Phenvl-p-phenylyl-p-chlorophenylarsine, 510. 

C24Hxa02N 4 -( 3 ': 5 '-l)ibenzoylpenta- 2 ': 4 '-dienylidene)-l: 4 -dihydrop 3 ’^ridine, 1629. 

Ca 4 H 2 iON 3 3-Ethyl-2-dianilowopropylideiiebenzoxazoliiie, 1441 . 

C 24 H 21 O 2 H a-p-Tolyl-i58-di-p-anisylacrylonitrile, 643. 

C 24 H 21 O 8 N 3-(a-Naphtnylacetamido)-4:5-benzocoumaran, 1047. 

Ca 4 HaiN 8 Se 3-Ethyl-2-dianiloi«opropylidenebenz8elenazoline, 1439. 

Ca 4 H 2 a 02 N 4 3 ; 3 '-Diamino- 4 : 4 '-diaoetamido-l:l'-dinaphth 3 d, and its dihydrochloridc, 1574. 

Ca 4 Ha 80 aN a-p-Tolyl-j3)3-di-p-anisylacrylamide, 643. 

C* 4 Hai 08 N 4 8 -y'-Phthalimiaopropyl-y-aminopropylamino- 6 -methoxyquinoline, hydrobromidc, 1 336. 
024 H 2703 Sb Tri-o-phenetylstibine, 1569. 

C 24 H 27 N 4 CI 8-Chloro-2-methyl-5-(y-diethvlaminopropylamino)-3:4:2':3'-pyridoacridine, 681 . 

C24H,oN»Ca 4>2 >-Chloroanilino-6-y-di©thylaminopropylainino-5‘phenyI-2-metbylpyrimidine, 1361. 

C 24 H 21 O 8 N 4-Benzilyloxy-l:2;2:6:6.pentamethylpiperidine, 60. 

2 >I)iethylaminocyaohexyl benzilate, and its salts, 167. 

Ct 4 H 270 Ks 3 - 8 -Diethylamino-a-methyl-a-butylamino- 4 '-methoxy- 4 : 5 -dimeth 3 ddiphcnylamine, 9 1 4. 
Ca 4 H 8702 N Phthalocetylimide, 199, 

CaifiarOsNs 3(^):6(^)-Diaoetoxy8etiocholan-17-one semicarbazone, 814. 


C» 4 Hi 70 ^Clt 4 -( 3 ': 5 '-Di-o-chlorobenzoylpenta- 2 ': 4 '-dienylidene)-l: 4 -dihydrop 3 Tidine, 1629. 
Ca 4 Hx 80 GA 8 Phenyl-p-phenylyl-p-chlorophenylarsine oxide, 510. 

C» 24 Hx 80 iilf 4 Sa 2:4:5:7-Tetranitro-l;8>di-p‘toluene8ulphoiiamidonaphthalene, 8 1 . 

2;4:6:8-Tetranitro- 1 :5-di-p-toluene8ulphonamidonaphthaJene, 81 . 

CaaHaoOeNaSB BiBtolucne-p*8ulphonyl-6'nitro-2-naphthylamine, 330. 

Bistoluene-^'Snlphonyb? •nitro*2-naphthylamine, 330. 

C 24 H 20 N 3 OIS 5>Chioro-3-ethyl-2-dianirotsopropylidenebenzthiazoline, 1439. 

Ct 4 H 2 i 04 H 3 |h 2:4;6-Tri8-p*methylBulphony]phenyM:3:5-triazine, 1113. 

•Ctt 7-Acetamido*9-o-acetamidophenyl-10-methylphenanthridiiiium chloride, 74. 

P Bibenzyl ^-naphthylaminophosphonate, 677. 


Ht 40 N|It 3-Phenyl-4-p-hydroxyphenylcinnoline diethiodidc, 1655. 

0 t 4 HtsO 4 Ht 01 t Bis<2-(5<3:4*dim6thoxyphenylpyrrole)azamethin dihydrochlori^e, 1200 . 
CtaHfiOsCS^b Tri-o-phenetylstibine dichloride, 1570. 

0 t 4 Ht 703 B^Sb Tri-o-phenetylstibine dibromide, 1570. 

Tri-o-phenetylstibine di-iodide, 1570. 

Ct 4 H 280 ilP Phenyl-p-anisy}- 2 >(o-methozymethylpheiiy])ethylphosphine methlodid(% 1641. 
Clt 4 H 30 OiHCl 2-DiethylaminocycZohezyl diphenvlchloroacetate, hydrochloride, 167. 

CaiHiiOsHtS i\r-(p-AcetamideDenzene 8 u]phonyl)-a'ethyl-a-n-butyl-a-sec.-octylacetamidine, 742. 
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84 V 

C»H„OCairF 2-jp«Tolvl-2'j9-chlorophenii.oyl>l:2:3:4>tetnihydroi>ophosphinolinium bromide, 
5*^S^4S«A1 jW Diobl oro^-(p<chforophenylbiB>2«cyaiiethyiarsine)paUadium, 621 . 
CrsAHttlltCStAisN l>ichlorodi<phenylbis<-2-cyanoetbylarsine)palladium, 621. 


€25 Group. 

Ca«HiJlt 2:8>Bi8(plienylamino)acricUne, h^'droobloride, 247. 

CffHaaVa a-Phenyl-j9/}'-bi8-(p-dimcthylaminophenyl)acrylo«itrile, 643. 
CasHagOa a-MonobraKsidiii, 5.78. 
a-Monoerucin, .768. 

25 m 


OgftHigO^a 2>Benzidino>2diyrlroxyp«rmaphtbindan>l :3-dione, 130. 

CgfiHigOlf 3:6-I)iphenyl-2-(2'-beiizoylvinyl)pyrroIe, 1631. 

CgeHgiOgN 4-(3';6-Dibenzoyl*l''-methylpenta-2':4'-dienylidene)-l:4-dihydropyridine, 1629. 
CgsHtgOgllx 2:4:6-Tribenzyloxypyrimidine, 730. 

CgsHsglAf 'rriphenyl-m-tolylareonium iodide, 608. 

CgsHssOgN 2-Hydroxy-2-phenyl-2:3-dihydroreteneoxazok‘, 663. 

2:7-l)icarbethoxyamino<9-phenylphenanthridine, and its mesosulphate, 71. 

CgsHgfOgN Phenyl iST-methylmesidino-p-methoxy benzyl ketone, 1044. 

C2sHs70gN y-Dimethylaminoethyl-a-phenylpropyl benzilate, and its methochloride, 168. 
CsAaOgNg 4-y-]>iethylaminopropylamino-2:6-dibenzyloxypyrimidine, and its dipicrate, 731. 
Cg^HigOgH Rieinoleovanillylamide, 614. 

26 IV 

CgfiHgiONgC^ j8-p-Chlorobenzoylpropionitrile phenylhydrazone, 1193. 

CxtHsgOsNsU 7-AcetaniidO'9-p-carbethoxyaminophenyl-10-methylphenanthridinium chloride, 73. 
7-Carbethoxyamino-9«o<acetamidophenyl- 10-methylphenanthri^nium chloride, 73. 
7<Carbethoxyamino-9-p-acetamidophenyl- 10-methylphenanthridlnium chloride, 73. 

CaftHasOaNgCl Bi8-3"(2-cthoxy*.7-phenylpyrrole)inethin hydrochloride, 1195. 


26 V 

CaAoClBrlAl Phenyl-p4olvl*p-chlurophenyl-p-bromophenylarsonium iodidi% 611. 
CsjHxtOCIBrAs Phcnyl-p-tolyl-p-ehlorophenyl-p-bromoarsonium hydroxide, salts, 611. 


C,e Group. 

9:10-I)ihydroxyphonanthronc 2-inethoxy.l-naphthylhydroxy methylene ether, lOOO. 

OanHgaNs 1 •Ethyl-2* and •4-dianiloiaopropylideno*l:2- and -l:4-dihydroquinolines, 1440. 

C2«H4«Oa 10:16-Bimethyltetraco8a-Il :13-diyne-10:l6-diol, 1583. 

26 m 

CggHaaOgN 4-(3'ir>^ -I)i-m-mothoxybenzoylpenta-2':4'-dienylklene)-l:4-dihydropyridine, 1029. 

Cg«Ha4lAs Triphenyl-p-ethylphenylarsonium iodide, 508.' 

CggHggOaH 2’Hydroxy-2*anisyl*2:3-dihydroreteneoxazole, 653. 

CggHgsOgNg 2"(or 6')-Nitro-9'-koto-3';4'-di-<er/.-butyl-8'-azaphenalino(7':8':2:3)-0'indole, 745. 

CggHgsOgNs 3*Nitro-4:5-di-t€rt.*butylnaphthaUo 2:4-dinitrophenylhydrazide, 74.7. 

CagHuHgCn 2-p-Ch]oroanilino-4>y*diethylaminopropylamino-7:8-bcnzoquinoline. and its dihvdrochloride. 
906. 

X>iethylaminopropylamino-2:6>dibenzyloxy*5-methylpyrimidine, and its tripicrate, 731. 
CggHasHgOl 4-p*Chloroauiliiio-2-y-di-n-butylaininopropyIaminoquinoline, and its dihydriodide, 90. 
03«H3g0sN4 l:12-Dodecamethylenedi-0-benzainidoxime, 968. 

Cg«H4iOaN ChaiilmoogrovaniUylamide, 615. 

CagH4y03N Oleovanillylamide, 614. 

26 IV 

Ca«Hi80]^Cl4 3:7;3‘':7'-Tetraehloro-2:8:2':8'-tetra-amino-.5:10-dihydrodiacridyl Sro'-ether, 249. 

CJHuOASs Dithiobenzo-p-nitroanilide, 1234. 

dgfHggCOAa l*heiivl-p-tolyf-m*tolyl-p-chlorophenylarsonium iodide, 509. 

C»HasOH^ 2'(or 5')*BrQmo*9'-keto-3':4'-di-t6rt.-biityl-8'-azaphenalino(7':8':2:3)-0-indole, 746. 

Bis-2-(3*ethylbenzthiazole)methylheptamethincyanine iodides, 962. 

OggHgrNsSSea Bis-2-(3-ethylbenz8elenazole)-y-metnylheptamethincyanine Mide, 962. 

26 V 

ClssHggOIBrlAs PhenyI-4-o-xylyl-p-elilorophenyl-p-bromophenylarHonium iodide, 512. 

CaeHggOOIftrA* Phenyl-4-o-xylyl-p-chlorophenyl-p-bromophenylRr8onium hydroxide, salts, 512. 


Ca7 Group. 


CS7H47N Tri-n-nonylamine, and its oxalate, ^200. 

27 IV 

CarHBtOgHgSg 4-Benzylmethylamino-2'-A^-benzenesulphonyicarbamyldiphenyl sulphide, 1232. 
OgTHgsCuAs m-Tolyldi-p-tolyl-p-chlorophenylarsonium iodide, 513. 

OsrHgTOgNsCl Bis*3*(2*ethoxv*5*phenylpyiToie)trtiiiethin hydrochloride, 1195. 
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g„BtM ACl Bi8-3-(2-ethoxy-5-4'.inetho3:yphenvlpjrrrol©)methin hydrochloride, 1195. 
CafHstNflSa Bi8-2-(3-ethylbeiizthiazole)dimethylheptamethincyanine iodides, 962. 
0ti&k#il86« Bis*2*(3-ethylbenzBelenazole)-)3j3'-dim6thylh6ptamethincyanine iodide, 962. 
OsvHsoOtHiP 2':3'*»soPropylidene adenosine-5 '-dibenzyl phosphate, 650. 

CavHsiOaAtl Phenylmethylbis-S-benzyloxypropylarsoninm iodide, 624. 


C2g Group. 

CasHisOa Substance, from phenanthraquinone and diphenylketen, 999. 
CIisHisOt p-Benzoyloxy benzoic anhydride, 1 23. 

CagHcoOa Diphenylketen, dimer, 175. 


28ni 

CsA<N3cn4 Bis-2<(5-p-chlorophenylpyrrole)a2amethin dihydrochloride, 1 200. 

CasHziNaCla Bis-2-(5-naphthylpyrrole)azamethin dihydrochlorides, 1200. 

CatHtsNfi 3*£thyl-2-dianilo/sopropylidene-6:7-benzl>enzthiazoline. 1 439. 

CzaHtiONi Azoxy-3-methyl>2-stilbazoles, 1609. 

CzsHziOaNz £thylonedi-0-benzophenone oxime, 968. 

GzzHzzOzN 2- Amino-3:4-di-^r^.-butylacenaphthenephthalan il, 744. 

CzgHziOiiSz 3:4-Ditosyl tetra-acetyl mannitol, 1404. 

C38H49O2N3 Coprostan-6()3)-ol-3*one semicarbazone, 814. 

28 IV 

C28H240 zN2 S2 Dithiobciizo-p-toluidide, 1234. 

CzsHasOzBrS 2'(or 6')“Bromo-3':4'-di4<>r/.-biityl-l:7"-thionaphthenacenji])hthenvliruli^o), 74(k 
C28H25O0N2P 3':6'-Benzylidenc uridine-2' diphenyl phosphate, 340. 


CiM, Group. 

Siibstaneo, from phenanthraquinone and methyleiieantbrone, 99S. 

C29H18O4 Substance, from phonanthraquinono and benzylhlenephthalide, 99S. 

CzzHzzOs Dibenzojd javanicin, 1027. 

CsoHsoOa 603)-Acetoxycoprostan-3(j3)-ol, 814. 

29 m 

CsJEEszONz 4:4'-DibenzylideTieaminoclialkone, 1419. 

CzgH^ftOsIfz pp'-Bisbenzamidomethyldiphenylmothanc, 1454. 

l:3-BiH-(iV-phenyl-4-amidinophenoxy)propano, and its salts, 1116. 

C2zH3 504^i Oxodihydromethoxymethyldihydroncostryehnidine, J 555. 

29 V 

C29H2402GlBrS 5-C3iloro.3 -niethyl-2'(or 5')-brorao-3':4'-di4fi/7.-lmfcyl- 1 :7'-thi<>naphthena(H*na|)litIien\l- 
indigo, 746. 


C30 Group. 

G30N4H Lanostatrienes, 1470. 

CaoHjo «■ /S-Lanostadienes, 1470. 

Squnleiie, reaction of sulphur with, 1546. 

30 n 

Ca„H..N. Tetrakis-p-cyanopheiiylethylenc, 83. 

GzoHziSb Tri-jS-naphthylstibine, 1670. 

GjoHzzOr 7-Hydroxy-2':4'-dibenzoyloxy-3-methoxyllavtMi, 1 684. 

GzoHzzNg l:5-NaphthalenebiBazo-j8-naphthylamine, HI. 

C^oHsoO I^Anosterol, 1467. 

30 m 

G3 oH 2 oOzN 4 l:5-Naphthalcnebisazo-j3-naphthol, 81. 

G30H31O7GI 7-Hydroxy-2':4'-dibenzoyloxy-3-methoxyflavylium chloride, ir>S4. 

GsoHsoOaNz BenzylideneTieobrucine, 80. 

C30H32ON8 2-Amino-3:4-di-<€r<.-butylacenaphthazo-/5-naphthGl, 744. 

80 IV 

G30H37O4NS 3-Eth^-2-(3':5'-di-vn-mothoxybenzoylpenta-2':4'-dk*nylideiie)bt‘nzthiazoliru‘, 1 63 1 . 
G30H23O4N2S AA'-Dibenzoyl-l:2-bi8toluene-p-8uIphonamidoefchane, 504 . 

C31 Group. 

CaxHzzOa 2-(2';3'*Dihydro-/5-naphthofuran-2')-2-phenyl-/9*naphthopyraii , 848. 

G31HZ4O4 2:2-Di-p-anisyl-3-methylphenaiithro-9':10'-l:4*dioxen, 999. 

81 IV 

GsiHziCllAl Phcnyl-i»-tolyl-p-phenylyl-p-chlorophenyIar8onium iodide, 510. 
Phenyl-p-tolyl-p-phenylyl-p-cnlorophenylarsonium iodide, 510. 

81 V 

Bis-2-(5:6-dimethoxy-3-ethylbenzthiazole)-)5)3'-dimethylbeptamethincyariine io<lide, 962. 
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C,2 Gr««ip. 

C.M. Bis-2-(d:5-diphenylpjrrole)asukmethiii, 1200. 

C 3 fHfl 40 i 2-(2';3'-Pihydro-p-naphtlioliiran-2>2-p-tolyl*^>]ia.phthopyrau, 848. 
OasHiaOa 5:0-l)iphenyl-( l'>metnyl*7'>iaopropylpnenaxithro)-9': 10^- 1 :4>dioxen, 999. 
CsaH^iO l>i-(5*ethyit6tradeo-4-en-6-yl) ether, 758. 


82 m 

Ca^iaOJNa Bisquindolinoyl, 610. 

CaaKasOaH Dimethylaminoethyl hydrogen benzilate, 60. 

82 IV 

CssHstCSIAs Phenyl-p-etbylphenyl-p-phenylyl-p-ehlorophenylarsonium iodide, 510. 

CaaHsiKsdaSa [Bis - 2 - (3 > ethyl benzthiazole)][a)3^- dimetmn • 2"^' (3^- ethylbenzthiazole)]trimethincyanine di> 
chloiide, 1441. 

CaaHajKaltSa [Bis -2 - ( 3 - ethyl benzt hiazole) ] [o^' • dimethin - 2 ' - ( 3 ' - ethyl benzthiazole) Jtrimethincy anine di- 
iodide, 1441. 

OatftjHalaSea [Bi8-2-(3-ethylbenz8elenazole)][a^'-dimethin-2''-(3'-ethylbenz8elenazole)]trimethincyanine di* 
iodide, 1442. 

82 V 

CsaHaaNaClalaSs [Bis -2 - (5-chloro - 3 - ethylbenzthiazole)][a/3'*dimethin‘2'-(5'*chloro-3'-ethylbenzthiazole)3tri- 
methincyanine di-iodide, 1442. 

CaaHaaHgClaASaBd l>ichlorobis(diphen}d-2-cyano-7i-propylar8iiie)palladium, 622. 


0,3 Group. 

C„H„OK O-Hexylcholestenone oxime, 966. 

CaaHgaON 0-HexylchoIestanone oxime, 966. 


0,4 Group. 

C,4H,.0. Substance, from phenanthraquinone and 9-benzylidenexanthen, 998. 

CaaHaeOa 2-(2';3'-Dihydro-^-naphthofuran-2')*2-phenyl-2':3*trimethylene-jS-naphthopvTan, 848. 

34 m 

Ca4Hao04Na I)odeca-5;7-diyne-4;9-diol bis-a-naphthylurethane, 1582. 

CaiH**? aS Substance, from phenanthraquinone and 9-benzylidenethioxanthen, 998. 

CsiHgeO 4 Nj Phthalobi8-[y-(6-methoxy-8-quinolylamino)propyl]amide, and its hydrochloride, 1334. 
CagHiiOiaK Substance, from 4:6-benzylidene 2;3-anbydro a-mcthylraannoside and ammonia, 20. 

34 IV 

C34HgoOgNgS2 1 :2'-Bi8-(3-keto-2-2'-quinolylthionaphthen), 1 677. 


©36 Group. 

C8»Hg40g 2 -(2':3'-Dihydro-/S-naphthofuran-2')-2-a-naphthyl-j8-naj)hthopyran, 848. 

35 IV 

CsoHssNgISg Bis-2-(3-ethyl'6:7-benzben2thiazole)-j8j8'-dijnethylheptamethincyanine iodide, 962. 


C,, Group. 

Cs4Hg70aSb Tri-p-phenoxyphenylstibine, 1569. 

36 IV 

CggHgyOgClgSb Tri-p-phenoxyphonylstibine dichloride, 1570. 

CgtHsTOgBriSb Tri-p-phenoxyphenylstibine dibromide, 1570. 

0g4Hg70A3b Tri-p-phenozyphenyMibine di-iodide, 1570. 

OgfHfoOTlMbg Bi8(triphenyl8tibiiie)oxide dinitrate, 667. 

C?8^840i4l«eAis o-Xylylene bisCphenyldimethylarsonium picrate), 665. 

38 V 

CseHsaOigNgClASg 4- Chloro-o-xylylene bis(phenyldimethTl arsonium picrate), 668. 


c„ Group. 

CsTHgfcOgCl 0-5:2':4'-Tribenzoyl-0-3-methylmorinidin chloride, 1684. 

Cgg Group. 

CggHggOg 2-(2':3'-Pihydro-j8.iiaphthofuEan-2')-2-o-naphthyl-2'-;3-trimethylene-)i-naphthopyran, 848. 

88 m 

CggHggOgNg Tetraphenylethylenetetra-p-iminoethyl ether, 84. 

CnBUiDm Substance, from diphenyllraten dimer and piperidine, 176. 
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38 IV~ 66 V 


38 XV 

C 3 »H 440 «IMnt l-Tubocurariue chloride, 937. 

c^.t0.jrA Tetrakis-ja-amidinophenylethylene tetraisethionate, 84. 

Cg, Group. 

(133X1720 5 (xo, 'Oidaidin, o^S. 


C40 Group. 

C 4 oH 2802 2:2-DixenyIphenanthro-9':10M:4-dioxen, 999. 

C 4 oHso 04 9-m-TolyIxanthyl peroxide, 1000. 

C 4 oHseO Mutachrome, pro-vitaniin-.4 activity of, 131. 

40 IV 

C 4 oH 240 *N 4 Br 2 1:1 '-Dibromo-3:3'-dinaphthyl-2:2'-bi8azo*^-naphth<)l, J392. 

C 40 H 48 O 8 N 2 I 2 1 -O- Met hyltubocurarine iodide, 937. 

C41 Group. 

C 41 H 30 O 2 2:2-Dixenyl-3-methylphenanthro.9'’:l0'-J :4-dioxen, 999. 

C42 Group. 

G42H44O3AS2 Bisphenvl-p-tolyl-jo-ethylpheiiylarsirie oxide-dih3 <lroxiMe, 590. 

C44 Group 

C44H37N3I2S3 [Bis-2 -(3-ethyl-6:7*benzbenzthiazole)J[aj8'-diinet hin-2'-(3'-et liy !-(>': 7'- be!izbenzthiazole;]tri- 
methincyariine di-iodide, 1441. 


C45 Group. 

C4iHj205 2-MethTl 3:5-ditrityl methylxj lofuraiioside, 850. 

€4^ Group. 

C4(iH420c 2-Acetyl 3;r)-ditrityl methylxylofuranoside, 850. 

46 m 

C4eH3o02S2 9.a-Xa.j>hth3'lthioxanthyl peroxide, 1000. 

C52 Group. 

C/,2H«204Cl2As2Pd l)ichlorobis(phen3dbi8-3-benzyloxypropylarHine)pollaflium, 024. 

C«6 Group. 

C6GH;fi04Cl«A.S2Pt Bhenylbenz3 lbi«-3-beiizylox3’propylarsonium ebloroplatinate, 924. 


5 Y 
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SYMBOLS FOR THERMODYNAMICAL AND PHYSICO- 
CHEMICAL QUANTITIES AND CONVENTIONS RE- 
LATING TO THEIR USE, ADOPTED AS RECOMMENDED 
PRACTICE BY THE CHEMICAL SOCIETY. 

{Where two or more symbols separated by commas or semicolons are given for a 
quantity, these symbols are to be regarded as alternatives for which no pre- 
ference is expressed. On the other hand, where two symbols are separated 
by a dotted line, the former is the first preference^ 

1. To be Printed in Black Italic. 

{Certain important physical constants.) 

F Faraday’s constant. 

J Mechanical equivalent of heat. 
iV Avogadro’s number. 

^ fGas constant per mol. 

\ Rydberg’s constant. 
c Velocity of light in vacuo. 

■e Electronic charge (charge equal and opposite in sign to that of an electron) . 
f/ Acceleration due to gravity (standard value, if variation from standard is 
significant). 
h Planck’s constant. 

Ic Boltzmann’s constant. 

?n Rest mass of an electron. 


2. To be Printed in Ordinary Italic, wben not Greek. 

General Physics and Chemistry. 


Length ..... 
mean free path of molecules 
height ..... 



y 

h 

diameter, distance ^ 



d 

diameter of molecules 



or 

radius ..... 



r 

Mass ..... 



m 

molecular weight . 



M 

atomic weight 



A 

atomic number 



Z 

gram-equivalent weight . 



Z.J 

Time ..... 



t 

time interval, especially half- or 

mean-life 


T 

frequency . . 



V 

Velocity ..... 



V ; c, («, V. w) 

of ions .... 



u (with subscript) 

angular .... 



<o 

Acceleration .... 



f ... a 

due to gravity (as variable) 



g 

Force ..... 



F. {X. Y. Z) 

Moment of inertia 



I 

Pressure ..... 



P.P 

especially osmotic . . . 



n 

Volume ..... 



V. V 

Density ..... 



p ... d 

Compressibility 


• 

9C . . . 
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Viscosity ....... ‘n 

Fluidity ^ 

Surface area . . . . . . . A ... s 

Angle of contact . . . . . 0 

Surface tension . . . . . . y ... cr 

Parachor ....... [JP] 

Surface concentration excess . . ^ r 

Number of mols . . . . . . n 

Concentration, mol fraction . . . » N , x 

in other terms . . . . c, C 

Solubility . . . . . . . s 

Diffusion coefficient . . . . . . L> 

Chemical equilibrium constant (products/reactants) K 

solubility product ...... K^, . . . L 

Velocity constant of chemical reaction . k 

Number of molecular collisions i>er second . . Z 

Partition function . . . f 

Efficiency, of any process . . . • V 

Wave function . . . . , - ^ 


Heat and Thermodynamics. 


Temp>erature, on absolute scale, (°k) 
on other scales 
Thermal conductivity 
Energy (general symbol) 

Work done by or on a system 
Heat entering a system 
Specific heat .... 

molecular heat 
Ratio of specific heats 
Latent heat, per g. . 

per mol 

Intrinsic energy 

Enthalpy, total heat, or heat content 
Entropy ..... 

Free energy (Helmholtz) 

Thermodynamic potential, Gibbs function 
energy (G. N. Lewis) . 

Vapour pressure constant . 

Chemical pK>tential 
Activity ..... 

coefficient (for molar concentration) 
Osmotic coefficient 
Van *t Hoff's factor . 


free 


U' 


and c>, 


T 
0 
k 
B 
w 

<^p 

Cp and C 

y 

I 

B 

U ... L 

H 

S 

A ... k 

G 


a 

f 

i 


Electricity. 

Quantity of electricity . . . . - 

esp>ecially electrostatic charge 
Potential (difference) .... 

Volta potential ..... 
electlrokinetic potential ...» 
especially electromotive force of voltaic cells 
Potential gradient, in electric field 
Electronic exit work function 


Q 


€ 


£ 

X 

4, 
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Current ....... 


I 

Resistance ...... 


R 

specific resistance ..... 


p . . . r 

specific conductance .... 


K ... a 

Inductance, self ..... 


L 

mutual ..... 


M 

Electrostatic capacity .... 


C 

Dielectric constant ..... 


€ 

Dipole moment . . , ... 



Electrochemistry, 

Degree of electrolytic dissociation 

, 

a 

Valency of an ion ..... 

. 

z 

Ionic strength . . , 

. 

I 

Equivalent conductance .... 

. 

A 

equivalent ionic conductance, mobility 


1 (with subscript) 

Transport number ..... 


T (with subscript) . . . 
n (with subscript) 

Single electrode potential .... 

• 

e (with subscript), 

E (with subscript) 

Electrolytic polarisation, overvoltage . 

• 

ri ... 7T 

Magnetism, 

Magnetic field strength .... 


H 

flux ...... 


<f> 

|>ermeability .... 



susceptibility — volume 


K 

mass 


X 

moment ..... 


M 

induction ..... 


B 

Optics. 

Wave length ...... 


A 

Wave number ...... 


V 

Intensity of light ..... 


I 

Refractive index ..... 


n (with subscript) 

... /a (with subscript) 

specific refraction ..... 


r (with subscript) 

molecular refraction .... 


[/?] (with subscript) 

Molar extinction coefficient 


€ 

Angle of (optical) rotation 


oc 

sp>ecific rotation . . . . . ' 


[a] 

Specific magnetic rotation . . 


CO 


3. To be Printed in Hoznan, when not Greek* 

(a) Examples of Mathematical Constants and Operators, 


Base of natural logarithms . . - . e 

Ratio of circumference to diameter . . tt 

Differential ....... d 

l>artial . . . . . . . 9 

Increment ....... A 

very small increment . - . ■ . . - d 

Sum . . . . . . . S 

Product . . . n 

Function . - . . . f, ct> 



1795 


(b) Examples of single-letter abbreviations. 


♦Ampere (in sub-units) . . . .a. 

Volt V. 

Ohm ........ Cl. 

Watt ........ w. 

Farad ........ f. 

Henry h. 

Centigrade ....... c. 

Fahrenheit ....... f. 

Kelvin ........ k. 

Angstrom unit . .a. 

micron ........ p. 

metre ........ m. 

gram g. 

litre ........ 1. 

Rontgen unit ....... r. 

tNormal (concentration) . . . n. 

tMolar (concentration) . . m. 


The following prefixes to abbrev’iations for the names of units sfioiild be; 
used to indicate the specified multiples or sub-multiples of these units : 

M mega- 10® x 

k kilo- 10® X 

d deci- 10-1 X 

c centi- 10-® x 

m milli- 10-® x 

\i micro- 10-® x 

e.g., MQ. denotes megohm; kw., kilowatt; and pg., microgram. I'he use of 
pp. instead of mp. to denote cm., or of y to denote microgram is deprecated. 


4. Subscripts and other Modifying^ Signs. 


T, II . . . 
J, a . . . 
A, II . , . 

u 

-f , 


P. 'i' 


O, V, li, X 
f, e, s, t, d 

c 

0 


(a) Subscripts to symbols for quantities. 

j especially with symbols for thermodynamic f mictions, referring to 
t different systems or different states of ci system, 
referring to molecular species A, B, etc. 
referring to a typical ionic s|>ecies i. 
referring to an undissociated molecule. 

referring to a pK)sitivc or negative ion, or to a positive or negative 
electrode. 

indicating constant pressure, volume, and temperature 
respectively. 

indicating adiabatic conditions, 
indicating that no work is performed. 

with symbol for an equilibrium constant, indicating that it is 
expressed in terms of pressure, concentration, or activity, 
referring to gas, vapour, liquid, and crystalline states, 
respectively. 

referring to fusion, evaporation (vaporisation of liquid), sublim- 
ation, transition, and dissolution or dilution respectively, 
referring to the critical state or indicating a critical value, 
referring to a standard state, or indicating limiting value at 
infinite dilution. 


♦ K.g. *• ma." for millian^re " ; but ** amp.** is prefeired for ampere.** 
t Separated by a hyphen (and no full stop) from a chemical formula which follows it. 
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c, D, F with symbols far apical properties, referring to a particular wave- 

length. 

Where a subscript has to be added to a symbol which already carries a 
subscript, the two subscripts may be separated by a comma or the symbol 
with the first subscript may be enclosed in parentheses with the second 
subscript outside. 

(b) Other ^nodifying signs. 

o as right-hand superscript to symbol {particularly to a symbol for'^a 

general thermodynamic function — see p. 1795), referring to a 
standard state. 

[ ] enclosing formula of chemical substance, indicating its molar 

concentration. 

{ } enclosing formula of chemical substance, indicating its molar 

activity. 

In crystallography it is recommended that : 

Millerian indices be enclosed in parentheses, ( ) ; 

Laue indices be unenclosed ; 

Indices of a plane family be enclosed in braces, { } ; 

Indices of a zone axis or line be enclosed in brackets, [ ]. 

Numerals attached to a symbol for a chemical element in various positions 
have the following meanings : 
upper left mass number of atom, 
low-er left nuclear charge of atom, 
lower right number of atoms in molecule. 

|Li; fHa (== Da). 

AIJPHABBTICAI. INDBX OF RBCOMMFNDED SYMBOI.S, 
and single-letter abbreviations* 

including all those given in the above lists except prefixes, subscripts and 

other modifying signs. 

The name of any quantity for zehich a given symbol is a second preference 
is printed in parentheses. 

A free energy — Helmholtz ; atomic weight ; surface area. 

A. Angstrom unit. 

a activity ; (acceleration). 

a. ampere, in sub-units — see footnote, p. 988. 

B magnetic induction. 

C concentration ; electrostatic capacity. 

with subscript : molecular heat capacity, 
c. Centigrade, 

c velocity of light in vacuo. 

c velocity ; concentration. 

with subscript : specific heat. 

D diffusion coefficient. 

d diameter; distance; (density), 

d differential. 

0 partial differential. 

E energy ; (intrinsic energy) ; potential difference, especially electromotive 
force of voltaic cdls. 

with subscript : single electrode potmtial. 
e electronic charge — charge equal and opposite in sign to that of an electron, 

quantity of electricity,, especially electrostatic chaige. 
with subscript : single electrode potential. 
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e base of natural logarithms. 

F Faraday's constant. 

F force; (free energy — Helmholtz). 

F. farad ; Fahrenheit. 

/ acceleration; activity coefficient, for molar concentration; partition 
ftmction. 
f function. 

G thermodynamic potential, Gibbs function, free energy — G. N. Lewis. 
g acceleration due to gravity, standard value. 
g acceleration due to gravity, as a variable ; osmotic coefficient, 
g. gram, 

H enthalpy, total heat, heat content ; magnetic field strength. 

H. henry. 

h Planck's constant. 
h height. 

I moment of inertia ; ionic strength ; electric current ; intensity of light. 
i vapour pressure constant ; van 't Hoff's factor. 

J mechanical equivalent of heat. 

J gram-equivalent weight. 

K chemical equilibrium constant ; (compressibility). 

Ks solubility product. 

K. Kelvin. 

h Boltzmann's constant. 

k thermal conductivity ; velocity constant of chemical reaction. 

L latent heat per mol; self inductance; (solubility product). 

I latent heat per g. ; length ; mean free path of molecules. 

with subscript : equivalent ionic conductance, " mobility ". 

I. litre. 

M molecular weight ; mutual inductance ; magnetic moment. 

M. molar concentration. 

m rest mass of an electron. 
m mass, 
m. metre. 

N Avogadro's number. 

N mol fraction. 

N, normal concentration. 
n number of mols. 

with subscript : (transport number). 
with subscript : refractive index. 

P pressure. 

[P] parachor. 
p pressure. 

Q quantity of electricity. 
q heat entering a system. 

K gas constant per mol ; Rydberg's constant. 

R electrical resistance. 

[P] with subscript : molecular refraction. 
r radius; (specific resistance). 

with subscript : specific refraction, 
r. Rontgen unit. 

5 entropy. 

s solubility; (surface area). 

T temperature, on absolute Kelvin scale. 

with subscrijd : transport number. 

/ time ; (temperature — ^not on absolute scale). 

U intrinsic energy. 
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u velocity component. 

with subscript : velocity of ions. 

V volume ; potential, potential difference, including Volta potential. 

V, volt. 

V volume ; velocity ; velocity component. 

W (work done by or on a system). 

w. watt. 

w work done by or on a system; velocity component. 

X force component ; potential gradient in electric field. 

X mol fraction. 

V force comp)onent. 

Z force component; g.-equivalent weight; number of molecular collisions 
per second ; atomic number. 
z valency of an ion. 

a degree of electrolytic dissociation ; angle of optical rotation. 

[a] sp)ecific optical rotation. 
r surface concentration excess. 
y ratio of specific heats ; surface tension. 

A increment, 
b very small increment. 

€ dielectric constant; molar extinc^^ion coefficient. 

^ electrokinetic potential. 

r; efficiency of any process ; viscosity; electrolytic polarisation, overvoltage. 
Q angle of contact ; temperature — not on absolute scale, 

K compressibility ; specific conductance ; magnetic susceptibility — volume. 
A equivalent conductance. 

A wave length, 

ft chemical potential ; dipole moment ; magnetic permeability. 

with subscript : (refractive index), 
p. micron. 

V frequency; wave number, 

n pressure, e.specially osmotic pressure, 
n product. 

7T (electrolytic polarisation, overvoltage). 

TT ratio of circiunference to diameter, 

p density ; specific resistance. 

E sum. 

a diameter of molecules; (surface tension) ; (specific conductance). 

T time interval, especially half or mean liife. 

fluidity ; electronic exit work function ; magnetic flux, 
fmiction. 

X magnetic susceptibility — ^mass. 

0 wave function. 

12. ohm. 

w angular velocity ; specific magnetic rotation. 
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